
 

 

 

 

 

 

 

Improving the programming skills of students: A 
critical systems approach 

 

 S van der Linde 

orcid.org / 0000-0002-3431-4054 

 

 

Thesis accepted for the degree Doctor of Philosophy in 
Information Technology at the North-West University 

 

 

 

Promoter: Prof R Goede 

 

 

Graduation: May 2020 

Student number: 20083939 

 





 

i | A b s t r a c t  

 

ABSTRACT 

Learning to program is a challenge for students and has remained a researched topic for the past 

two decades. Various reasons why students struggle with programming exist, and teaching 

programming presents its own opportunities and challenges. The researcher teaches 

programming, and the research topic emanated from personal teaching experiences in the 

classroom and a passion to address these difficulties in order to make programming 

understandable. The aim of the research is to address some of the difficulties experienced by 

programming students when learning to program.  

Within information systems, research is often undertaken in positivistic-, interpretive-, design 

science-, or critical social theory research. The suitability of critical social theory research was 

determined by the ontological stance of learning through change and to emancipate programming 

students through critical reflection. Action research was used as a tool to facilitate the process of 

diagnosing, planning intervention, taking action, evaluating and specifying learning. 

Ulrich’s systems ideas, based on the Kantian view of knowledge and reason, was used, and the 

ontological assumption was made that each student brings his/her own frame of reference or 

conditioned reality to the classroom. Each student also experiences phenomena differently 

according to his/her conditioned view. The more conditioned views are understood, the clearer 

the phenomenon (learning to program) will become, and this enables the lecturer to provide a 

more accommodative learning environment.  

Computational thinking skills were used to create a frame of reference for the programming 

students. Computational thinking forms part of the constructionist paradigm, which is deeply 

rooted within constructivism. A constructionist approach called the problem solving learning 

environment (PSLE), incorporating constructivist guidelines, was followed to develop an 

instructional design that fosters computational thinking skills when learning to program. The 

instructional design was planned, implemented and reflected upon within the phases of the AR, 

in order to develop and adapt the instructional design as well as guidelines to improve the 

programming skills of students using a critical systems approach. 

Keywords: action research, computational thinking, constructionism, constructivism, critical 

social theory, critical systems thinking, programming, PSLE, user interface programming. 
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ACRONYMS 

A  Area of concern  

AI  Actual intervention 

AR  Action research 

ATM  Automatic teller machine 

CST  Critical systems thinking 

CSH  Critical systems heuristics 

CSP  Critical systems practice 

DSR  Design science research 

F  Framework of ideas 

FMA  Checkland’s model  

IS  Information systems 

ISD  Information systems development 

ISTE  International Society for Technology in Education 

LSI  Local systemic intervention 

M  Methodology 

N/A  Not applicable 

NWU  North-West University 

OR  Operational research 

PI  Possible intervention 

PM  Participation mark 

PSLE  Problem-solving learning environment 
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RAND  Research and development 

SDLC  Software development lifecycle 

SI  Supplemental instruction 

SE  Systems engineering 

SSM  Soft systems methodology 

SU  Study unit 

UIP  User interface programming 

ZPD  Zone of proximal development  
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CHAPTER 1: INTRODUCTION TO THE STUDY 

1.1 Introduction 

Learning to program is a challenge for students (Govender et al., 2014:187; 

Matthews et al., 2012:293; Robins et al., 2003:137). There are various reasons why students 

struggle with programming, whether it is poorly constructed mental models (Ma et al., 2008:346), 

problem-solving skills (Govender et al., 2014:187; Havenga et al., 2013:5; Saeli et al., 2011:80), 

prior programming experience (Govender, 2010:14), learning styles (Raadt & Simon, 2011:111) 

or students’ belief about their own programming ability (self-efficacy) (Govender et al., 2014:189; 

Kinnunen & Simon, 2012:12). Students encounter many difficulties while learning to program, but 

the teaching of it is a whole other aspect of programming that poses its own challenges and 

opportunities.   

Many approaches to teach programming exist, including the following approaches: structured 

programming, software development, small programming, language teaching, learning theory 

(Lau & Yuen, 2009:3772-3774), code reproduction or problem-solving (Pears et al., 2007:207).  

New teaching approaches, as mentioned above, usually come into existence when educators 

draw on their experiences and make a conscious effort to seek ways to address the difficulties 

experienced in their classrooms and enhance learning for the students (Watkins & Mortimore, 

1999:3).  

The researcher teaches programming and the research topic emanated from personal teaching 

experiences in the classroom and a passion to address these difficulties in order to make 

programming understandable. The aim of the research is to address some of the difficulties 

experienced by programming students when learning to program.  

The research problem is addressed using a research model provided by Checkland and Holwell 

(1998:13), shown in Figure 1.1. Their model has three fundamental aspects: 

• Framework of ideas (F) 

• Methodology (M) 

• Area of concern (A) 

Their model proposes that a researcher possesses a certain set of ideas (F), which translates to 

the methodology (M) used, and is then applied to address an area of concern (A). It is also referred 



 

3 | C h a p t e r  1 :   I n t r o d u c t i o n  
 

to in this study as the FMA model. This model is used because the focus of F in Checkland and 

Holwell (1998:13)’s application in a soft systems methodology research project, resonates with 

the F of Baskerville (1999)’s tutorial for action research within information systems. 

 

Figure 1.1: Elements of research (Checkland & Howell, 1998:13)1 

Chapter 1 begins with a discussion on concepts key to the study (§ 1.2, § 1.3, § 1.4 and § 1.5). 

The problem statement and motivation for the study are given (§ 1.6), and the objectives of the 

study are explained (§ 1.7). The proposed research design and methodology are discussed (§ 

1.8), followed by the ethical considerations relevant to this study (§ 1.9). Lastly, the proposed 

chapter classification of the thesis is provided (§ 1.10). 

1.2 Key concepts: Systems 

In this section the concepts key to the study are discussed in terms of the FMA model provided 

by Checkland and Holwell (1998:13) in order to provide a frame of reference for the rest of the 

study. Key systems thinking concepts are discussed in terms of the framework of ideas (§1.2.1), 

methodology (§ 1.2.2) and area of application (§ 1.2.3). 

  

                                                
1 Checkland intended for his ‘rich pictures’ to be displayed as is. Therefore, they have not been altered to fit into the 

format of the other images in this dissertation. 



 

4 | C h a p t e r  1 :   I n t r o d u c t i o n  
 

1.2.1 Framework of ideas (F) 

The framework of ideas, better known as paradigms, refers to the schools of thought used in the 

research. In the twentieth century, systems thinking came into existence because of a flawed view 

on reductionism (Flood, 2010:269). It was thought best to reduce a system into smaller parts in 

order to understand the system; this was known as reductionism (Flood, 2010:269).  

On the other hand, systems thinking states that the world is a system existing of different parts, 

and the interrelatedness between these parts is important to understand the world as a whole 

(Flood, 2010:269). Emergence is also a vitally important concept of systems thinking, for example 

the well-known phrase “The whole is greater than the sum of its parts” (Flood, 2010:269).  

In terms of this study, systems thinking implies that a problem or phenomenon can only be fully 

understood not by reducing the problem, but by looking at all the facets of the problem. There are 

different systems thinking methodologies, namely hard, soft and critical (Jackson, 2001:241), and 

these are discussed further in the next section. 

1.2.2 Methodology (M) 

Critical systems thinking (CST) emerged in the 1980s as a result of shortcomings of hard systems 

thinking and soft systems thinking (Checkland, 2000:18). CST is grounded within the ideas of 

systems thinking and critical social theory research (Jackson, 2001:233). The core ideas that 

stem from systems thinking include system, relationship, element, input, output, environment, 

boundary, transformation, emergence and feedback (Jackson, 2001:234).  

Social science’s main contributions include the realisation that inequalities exist in capitalist 

societies, enabling the criticism of assumptions that are made by system approaches about social 

sciences, and the work of Foucault and Lyotard questioning the systematising concept and its 

lawfulness. Social structures can often oppress certain individuals or groups of people. This is 

known as oppressing structures.  

CST makes use of the best qualities of both social theory and systems thinking. Theoretically, 

social theory is strong, constituting thinking about the taken-for-granted assumptions and falls 

short in practice. Systems thinking is strong in practice, but neglects the epistemological and 

ontological assumptions and therefore the combination of social theory and systems thinking is a 

complimentary combination that forms CST (Jackson, 2001:234). The most profound attempts at 

the development of a methodology for CST includes total systems intervention (TSI) by Flood and 

Jackson, local systemic intervention (LSI) by Flood, critical systems practice (CSP) by Jackson, 

and critical systems heuristics (CSH) by Ulrich. 
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Within this study, oppressing structures can be anything that hinders an individual to reach his/her 

potential within the programming course. A critical systems approach (emancipatory 

methodology) is followed with the aim of identifying oppressing structures within a programming 

course, including all stakeholders, to get to solutions in a systemic fashion with the main goal of 

emancipatory action, which is to improve the setting of the oppressed individuals. CST is 

discussed in detail in Chapter 3.   

1.2.3 Area of application (A) 

According to Myers and Klein (2011:25), there are three main elements of CST (insight, criticism, 

transformative redefinition), and the first principle under the element criticism (Table 1.1) is to use 

core concepts from a critical thinker. Werner Ulrich is a critical theorist who established critical 

systems heuristics (CSH) in 1983, which is used for this study (Ulrich, 2005:1).  

Key concepts used in this study about CSH include the involved and affected, polemical 

argumentation, witness and the boundary critique.  

The involved refers to everyone involved in the planning process such as the planners, the 

experts, decision-makers and the witnesses of those to be served (Ulrich, 1983:237). The affected 

refers to the individuals not involved but affected by the improved changes, without having any 

input into the planning process (Ulrich, 1983:237).  

Polemical argumentation refers to the witness delivering the polemical views on behalf of the 

affected and that knowledge, sophistication, logic and facts are not necessary when presenting 

these views. Rational argumentation, on the other hand, involves deductive logic and empirical 

verification typically done by the expert, decision-makers and/or planner (Ulrich, 1983:302). 

Therefore, polemical argumentation does not have to meet the criteria of a rational argument; 

instead, the focus is that the witness delivers polemical arguments on behalf of the affected with 

the aim to highlight shortcomings in the experts case and uplift the voice of the affected (Ulrich, 

1983:308) as portrayed in Figure 1.2.  

The core idea behind CSH is to make the planner aware of boundary assumptions, and reflect 

upon those assumptions (Ulrich & Reynolds, 2010:254). Considering as many views as possible 

in the process of unfolding in order to achieve a whole systems view, is referred to as “sweeping 

in” (Ulrich & Reynolds, 2010:256). An objective whole systems view is not possible, but the 

planner should strive towards the totality of conditions for the system, trying to understand as 

many conditioned views as possible (Ulrich, 1983:225). 
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Figure 1.2: Bearing witness for the affected 

Within this study, the lecturer, who is also the planner, strives towards the totality of conditions of 

programming students learning to program. The lecturer acts as witness for the affected 

programming students, representing their conditioned views through polemical argumentation, in 

order to include their perspectives during the planning and design of the programming course.   

1.3 Key concepts: Programming education 

In this section, the concepts key to the study are discussed in terms of the FMA model provided 

by Checkland and Holwell (1998:13) in order to provide a frame of reference for the rest of the 

study. Key education concepts are discussed in terms of framework of ideas (§ 1.3.1), 

methodology (§ 1.3.2) and area of application (§ 1.3.3). 

1.3.1 Framework of ideas (F) 

In terms of education, a certain framework of ideas should be applied. Because the nature of 

programming is an active process, constructivism is an appropriate framework to use. 

Constructivist theory refers to a paradigm on how a person views the world and how learning 

takes place (Clark et al., 2012:8). A constructivism paradigm is mostly used in teaching where 

students construct knowledge while actively engaged in learning activities as with programming 

(Clark et al., 2012:9). 

1.3.2 Methodology (M) 

In programming education, students are mostly busy learning the specific programming language, 

solving problems and translating those solutions into the specified programming language. 

Problem-solving involves the development of an ordered list of steps to follow in order to get the 



 

7 | C h a p t e r  1 :   I n t r o d u c t i o n  
 

desired result, e.g. developing an algorithm (Govender et al., 2014:188). The teaching of 

programming tends to lean towards learning by doing, in other words active learning 

(Grissom, 2013:1; Hu & Shepherd, 2013:1; Sorva, 2013:13). The actual learning takes place 

through the interaction with prior knowledge and new experiences (Sorva, 2013:13). When 

learning takes place, mental models are formed about the new concepts learned.  

Computational thinking is a type of analytical thinking used when solving problems, which was 

derived from the core ideas of computer science. It is a problem-solving approach where a set of 

concepts are used such as abstraction, recursion and iteration in order to process and analyse 

data to create artefacts across disciplines, which is also the view of the International Society for 

Technology in Education (ISTE) (Barr & Stephenson, 2011:51).  

Learning to program is addressed in this study, using a computational thinking instructional 

approach based on Lye and Koh's (2014:59) problem solving learning environment. 

1.3.3 Area of application (A) 

The area of concern is novice programming students’ programming skills within a programming 

course. Studies about how students learn are endless, and it has been recorded many times that 

learning to program is a challenge for students (Govender et al., 2014:187; 

Matthews et al.  2012:293; Robins et al., 2003:137). Learning to program is very complex, and 

the difficulties faced by students when learning to program is investigated (Giannakopoulos, 

2017:227). 

The identified challenges in literature informs the computational thinking instructional design in 

the first AR cycle. The key concepts regarding the research methodology are discussed next. 

1.4 Key concepts: Research Methodology 

In this section, key research methodology concepts are discussed in terms of the FMA research 

model provided by Checkland and Holwell (1998:13). Key research methodology concepts are 

discussed in terms of a framework of ideas (§ 1.4.1), methodology (§ 1.4.2) and area of 

application (§ 1.4.3). 

1.4.1 Framework of ideas (F) 

A paradigm or framework of ideas provides the context for the study (Ponterotto, 2005:128). 

Although various paradigms exist (Ponterotto, 2005:128), there are three well-known paradigms, 
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namely positivism, interpretive studies and social critical theory (Blanche et al., 2006:6; 

Ponterotto, 2005:128).  

Every paradigm has epistemological and ontological assumptions. Epistemological assumptions 

have to do with how we come to understand the nature of knowledge, how truths and facts can 

be discovered (Krauss, 2005:758; Maree, 2007:67). Ontological assumptions are all about how 

reality is constructed and what is known about that reality (Ponterotto, 2005:130). Walsham 

(1995:76) summarises the work of Archer (1988) about ontological assumptions that are 

categorised into external realism, which assumes that reality is independent, internal realism, 

which assumes that reality is an intersubjective construction of the shared human cognitive 

apparatus, and subjective idealism, which assumes that each person constructs his/her own 

reality. 

The positivistic paradigm claims that knowledge is objective and that it can be understood by the 

application of empirical/quantitative methods (De Villiers, 2005).  

The interpretive paradigm suggest that knowledge is not objective, and that the researcher 

influences the results, and therefore knowledge becomes subjective and the focus of the research 

is to understand rather than to measure (Baskerville, 1999:5; De Villiers, 2005). Design science 

research (DSR) involves the construction of artefacts, whether it be technical or social. Examples 

of artefacts include tools for modelling, algorithms, system design methodologies, decision 

support systems, and human/computer interfaces (Gregor & Hevner, 2013:337; Vaishnavi & 

Kuechler, 2004:2). Two primary activities of DSR that aim to understand and improve the 

behaviour of IS aspects include: (1) the creation of new knowledge through the design of artefacts 

(things or processes); and (2) analysing the usefulness and performance of the artefact through 

reflection and abstraction (Vaishnavi & Kuechler, 2004:2).  

The critical social theory paradigm depicts that reality is constructed socially. It takes on a 

‘totalistic’ approach in which critical social theory research aims to look deep into a problem or 

phenomenon and after really understanding it by taking it apart, making the necessary changes 

to improve the situation – reconstruct it (Harvey, 1990:19). 

This study adopts critical social theory research as paradigm. One of the main goals of the study 

is to emancipate programming students, thereby attempting to improve the programming skills of 

students by removing any oppressing structures. Critical social theory research considers a 

complex social structure as a whole, considering the relationships between all parts and how each 

part, in turn, relates to the social structure (Harvey, 1990:19). One of the core principles of critical 

social theory research is critical thinking, which implies that the researcher should think about 
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thinking, questioning statements as to whether it is favourable or not to a particular situation 

(Loseke, 2013:7).  

Leonardo (2004:11) states that criticism forms the basis of quality education. The core function of 

critical social theory research is to be critical, which allows it to identify possible oppressing 

structures and allows for emancipation (Leonardo, 2004:12). Alvesson and Deetz (2000:139) 

state that there are three elements in critical research: 

• Insight – to provide background and understanding about the current situation. 

• Critique – identify power structures from an objective point of view (Myers & Klein, 2011:24). 

• Transformative redefinition – emancipatory action. 

Critical social theory forms the basis in terms of the framework of ideas for this study; therefore, 

principles for critical research are discussed next. 

1.4.2 Methodology (M) 

Myers and Klein (2011:24) suggest principles to follow when conducting CST research 

(Table 1.1). These principles are based on the research of Habermas, Foucault and Bordieu 

(Myers & Klein, 2011:20). The principles suggested include two of the elements suggested by 

Alvesson and Deetz (2000:140).   

Firstly, Alvesson and Deetz (2000:140-142) and Myers and Klein (2011:11) are of the opinion that 

it might be useful to apply interpretive actions in order to fully comprehend the situation (insight) 

before commencing further to criticism and transformative redefinition. This is not a principle, but 

rather a suggestion. 

Table 1.1: Elements and principles for critical research adapted from Myers and 
Klein (2011:25) 

Element 1: Insight 
It is suggested that the researcher uses interpretive actions to comprehend the situation  
(Alvesson & Deetz, 2000:140-142; Myers & Klein, 2011:24). 

Element 2: Criticism 
The principle of using core concepts from critical social theorists. 
The principle of taking a value position. 
The principle of revealing and challenging prevailing beliefs and practices. 
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Table 1.1: Elements and principles for critical research adapted from Myers and 
Klein (2011:25) (continued) 

Element 3: Transformative redefinition 
The principle of individual emancipation. 
The principle of improvements in society. 
The principle of improvements in social theories. 

 

Secondly, the three principles that are provided under the element of criticism by Myers and Klein 

(2011:25-27) suggest that researchers should base and plan their data collection and analysis on 

critical theorist(s). The second principle implies that the researcher should make the values of the 

critical theorists known. The last principle under criticism urges the researcher to be critical. It is 

expected of the researcher to identify and expose existing social practices and ‘challenge’ these 

practices with conflicting ideas (Myers & Klein, 2011:25). 

Lastly, the element of transformation includes three principles, the first being the principle of 

individual emancipation (Myers & Klein, 2011:27). It is expected of the researcher to take a value 

stance to be able to identify possible oppressing structures that affect an individual or group and 

possibly changing their circumstances; whether it is physically or socially. The next principle, 

namely improvements in society, is an extension of the previous principle where it is suggested 

that the emancipatory action can also reach a society as a whole. They state that one of the goals 

of social theories is to make a difference in society (for instance, education institutions, 

organisations, press, etc.) (Myers & Klein, 2011:27). Better understanding of social constructs 

leading to improvements of the situation lies at the heart of this principle. The last principle 

suggests improvements in social theories in terms of theoretical knowledge (Myers & Klein, 

2011:28). Here, the researcher is advised and reminded to remain critical about their own work 

as well as those of critical theorists. The aim is to add to the body of knowledge. 

1.4.3 Area of application (A) 

Action research (AR) is a technique used by practitioners within a specific context where they 

apply some sort of intervention experiment that is applicable to certain problems encountered 

(Baskerville, 1999:9). Baskerville (1999:11) posits that AR enhances the understanding of a 

complex problem and that the ideal situation for AR is a social setting where: 

• the researcher is involved with an expectation of possible benefits to the researcher as well 

as the involved organisation. 
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• immediate application of the knowledge obtained is of importance to the researcher.  

• the research performed is a cyclical process where theory and practice are integrated 

(Baskerville & Wood-Harper, 1996). 

The guidelines provided confirm the suitability of AR as methodology for this study. The 

researcher is actively involved in the teaching of a programming course that is used in this study. 

The knowledge obtained can make an immediate difference to the participants involved, and the 

cyclical process is based on theory, which is applied to practice. The phases in the AR cycle 

include diagnosis, action planning, evaluating and specifying learning as given by 

Susma  and Evered (1978:588) (Figure 1.3). 

 

 

Figure 1.3: The action research cycle (Susman & Evered, 1978:588) 

The discussion on the AR cycles for this study follows in the respective chapters. The key 

elements regarding this study are discussed next.  

1.5 Key concepts: Elements of this study 

In this section, the concepts key to this study are discussed based on the previous sections. This 

is done in terms of the model provided by Checkland and Holwell (1998:13). Key concepts to this 

study are discussed in terms of a framework of ideas (§ 1.5.1), methodology (§ 1.5.2) and area 

of application (§ 1.5.3). 
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Figure 1.4: This study’s FMA model based on Checkland and Holwell (1998:13) 

The FMA model for this study is given in Figure 1.4, and is discussed in the sections that follow. 

1.5.1 Framework of ideas (F) 

In this study, the framework of ideas stems directly from critical social theory research and 

constructivism. The ideas and notions of critical systems and constructivism guide the 

methodology and how it is implemented. 

1.5.2 Methodology (M) 

In Table 1.2, the elements and principles and its applicability to this study are given. 
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Table 1.2: Elements and principles for critical research and applicability to this 
study adapted from Myers and Klein (2011:25) 

Element 1: Insight 
It is suggested that the researcher should use 
interpretive actions to comprehend the situation 
(Alvesson & Deetz, 2000:140; Myers & Klein, 
2011:24) 

The lecturer’s reflection, interviews and discussions 
with other lecturers are used. 

Element 2: Criticism 

The principle of using core concepts from critical 
social theorists 

The core concepts of Ulrich (1983) for critical 
systems heuristics are used to guide data collection 
and analysis in this study. 

The principle of taking a value position 
The researcher takes the value position that 
computational thinking skills can explicitly improve 
the programming skills of students.  

The principle of revealing and challenging 
prevailing beliefs and practices 

The researcher investigates the effectiveness of the 
current instructional approach. 

Element 3: Transformative redefinition 

The principle of individual emancipation 

Individual improvement is one of the main aims of 
this study. This study’s focus is on helping students 
to reach their full potential within the process of 
learning to program (Jackson, 2003:303), as well as 
developing guidelines in the process. 

The principle of improvements in society 

Better programmers in society who possess 
computational thinking skills that are not only 
applicable to programming, but also to other 
disciplines and areas of life, thereby contributing 
critical thinkers to society. 

The principle of improvements in social theories 
This study contributes guidelines in the 
improvement of programming skills from a CST 
perspective that add to the body of knowledge. 

 

1.5.3 Area of application 

This study uses AR (Figure 1.5) in order to address the problem. The problem is explored within 

the context of each of the research cycles. The cyclical process commences with a diagnosis 

where literature is consulted as well as secondary data. An intervention is planned within 

computational thinking. This is implemented and evaluated based on the students’ programming 

skills and critical systems inspired interviews.  



 

14 | C h a p t e r  1 :   I n t r o d u c t i o n  
 

 

Figure 1.5: The AR cycle for this study based on Susman & Evered (1978:588)  

The first set of guidelines is recorded and then the cyclical process initiates again until saturation 

is reached. 

1.6 Problem statement  

The research problem is discussed in detail in a previous section (§ 1.3.3) and it shows that 

learning to program is challenging for students (Govender et al., 2014:187; Matthews et al., 

2012:293; Robins et al., 2003:137), and they are in need of emancipation so that they can improve 

their programming skills. For this reason, a study is proposed that follows a critical systems 

approach to improve the programming skills of students using a computational thinking teaching 

approach at the North-West University, Vaal Triangle Campus. 
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1.7 Research question 

The research question for this study is: “How can I as researcher improve the performance of 

programming students in terms of satisfaction and engagement using a critical systems 

approach?”. 

1.8 Objectives of the study 

The following objectives have been formulated for the study and are addressed by means of AR 

as shown is Figure 1.4. The guidelines are formed during the cyclical process of the AR. 

1.8.1 Primary objective 

The primary objective for this study is to improve the programming skills of students using critical 

systems thinking. In order to achieve this, computational thinking, from a constructionist 

perspective, is used to develop the potential of the students and to develop an instructional design 

for user interface programming. 

1.8.2 Theoretical objectives 

In order to achieve the primary objective, literature reviews are completed in order to gain better 

insight into the following: 

• Critical systems methodologies; 

• Computational thinking and programming concepts; and 

• Barriers that students encounter while learning to program. 

The theoretical objectives translate into chapters following this introduction. 

1.8.3 Empirical objectives 

In order to achieve the primary objective, empirical data is collected in each of the action research 

phases in a cyclical process until saturation is reached, as follows: 

1. Problem exploration and diagnosis 

(a) Identify oppressing structures within a programming course in terms of the learning 

environment via interviews inspired by critical systems (Ulrich). 
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(b) Measure students’ understanding of programming concepts learned through the 

completion of concept tests. 

2. Planning intervention 

(a) Design intervention strategies informed by literature. 

3. Action taking 

(a) Implement intervention plan. 

4. Evaluation 

(a) Measure students’ understanding of programming concepts learned through concept 

tests and supplemented by interviews. 

5. Specify learning 

(a) Reflect on students’ programming skills performance and experience through recording 

guidelines on how to improve students’ programming skills using computational 

thinking skills following a critical systems approach. 

1.9 Research design and methodology 

This section of the study states the study participants (§ 1.8.1), followed by data collection and 

analysis (§ 1.8.2). The contribution of the study is given (§ 1.8.3), followed by rigour and 

evaluation (§ 1.8.4), and lastly limitations for the study (§ 1.8.5). 

1.9.1 Study participants 

The study was completed using NWU Vaal Triangle Campus first- and second-year students 

registered for BSc IT. Specifically, a second-year C# course (Programming 2) is used as an area 

of concern to complete the study. Purposeful participant selection is used to select study 

participants. Participants are selected within each cycle of AR. 

The participants are shown in terms of the AR cycle for this study in Table 1.3. 
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Table 1.3: Summary for this study in terms of the AR cycles 

Phase Action: UIP 1 and UIP 2 course 

Problem exploration Improving the programming skills of students 

Diagnosis Measure programming skills 

Planning intervention Based on a computational thinking teaching approach  – Chapter 4 

Take action Implement action plan 

Evaluation Critical systems (Ulrich)-inspired interviews 

Specify learning Reflect on conditioned views based on critical systems (Ulrich) inspired 
interviews by revising and adapting guidelines 

 

The data collection and analysis involving the participants above are discussed next. 

1.9.2 Data collection and analysis 

Interviews with students and lecturers are used to gather data in order to recognise oppressing 

structures in the AR cycle in order to develop guidelines for the improvement of programming 

skills using computational thinking skills following a critical systems approach. Qualitative data is 

collected, and content analysis is used to analyse the data. 

1.9.3 Contribution of the study 

This study proposes to provide a subsequent dual contribution: 

• Practical contribution: The study seeks to improve introductory programmers’ conceptual 

understanding using innovative teaching strategies. The study also contributes knowledge on 

this unique application of AR within programming education. 

• Methodological framework contribution/contribution to theory: The study proposes to 

develop guidelines to improve the programming skills of students using computational thinking 

skills following a critical systems approach. These guidelines are essential for the IS research 

community, due to their potential to contribute to the body of knowledge for IT teaching 

practices. 

• Framework of ideas: This study uses CSH and constructivism as well as critical social theory 

research as frameworks for ideas. The proposed inspired application of CSH is as far as could 

be established a unique application of CSH, and the researcher reflects upon its success.  
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1.9.4 Rigour and evaluation 

Rigour for this study will be ensured through the application of principles for critical social theory 

research and interpretive research (§ 1.5.2). Zhang and Wildemuth's (2009:3) guidelines for 

content analysis of data will also be applied and is discussed in the next chapter. In terms of AR, 

Bradbury-Huang (2010:102)’s  criteria for evaluating good research will be used and is discussed 

in the next chapter.  

1.9.5 Limitations 

The limitations of this study is reflected upon in the final chapter. 

1.10 Ethical consideration 

Ethical clearance was given and an ethical clearance certificate with an ethical clearance number 

was awarded. 

1.11 Chapter classification 

This study comprises the following chapters: 

Chapter 1: Introduction to the study: This chapter introduces key concepts to the study as well 

as the problem statement and motivation thereof. 

Chapter 2: Research plan: This chapter provides an outline of the study within critical social 

theory research and how it is applied.  

Chapter 3: Critical systems methodologies: Critical systems thinking and critical systems 

methodologies are discussed. The methodologies used in this study are also explained. 

Chapter 4: Literature review: The main focus of this chapter is on literature about programming 

education and computational thinking.  

Chapter 5: AR cycle 1: This chapter captures the learning and results for cycle 1. 

Chapter 6: AR cycle 2: This chapter captures the learning the results for cycle 2. 

Chapter 7: AR cycle 3: This chapter captures the learning and results for cycle 3. 

Chapter 8: AR cycle 4: This chapter captures the learning and results for cycle 4. 
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Chapter 9: Conclusion and evaluation: The major research findings are revealed and the extent 

to which the research problem has been solved is assessed. The chapter concludes by indicating 

potential areas for future research. 

1.12 Summary 

This chapter gives an overview of the research problem and discussed the key concepts of this 

study relating to systems, programming education and the research methodology. It also 

motivates the importance and relevance of this study. Programming is hard for students and it 

can be improved through a critical systems approach which stems from the core concept of 

individual emancipation in critical social theory research.   

The objectives for this study is given and the research design and data collection is discussed. 

This study is positioned within the critical social theory research paradigm and aim to improve the 

programming skills of students following a critical systems approach which is inspired by Ulrich’s 

interpretation of Kant’s work.  

The next chapter discusses the research methodology and plan for this study. 
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CHAPTER 2: RESEARCH METHODOLOGY AND PLAN 

2.1 Introduction 

The primary objective of this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective, is used to develop the potential of the students and to develop 

an instructional design for user interface programming. This study conducts critical social 

theory research in order to achieve the objectives of the study. This chapter provides an 

overview of the main information systems research paradigms and also discusses the 

methodology chosen for this study (§ 2.3 & § 2.4). The research plan for this study is also 

provided (§ 2.5).  

The discussion of research methodology will be presented using the research model 

provided by Checkland and Holwell (1998:13). As previously mentioned, their model has 

three fundamental aspects, namely: 

• Framework of ideas (F) 

• Methodology (M) 

• Area of concern (A) 

An overview of the research methodology for this study is presented in Figure 2.1 in terms 

of Checkland and Holwell's (1998:13) FMA model for a research project.  
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Figure 2.1: Elements of critical social theory research for this study adapted 

from Checkland and Holwell (1998:13) 

In this section, the relevant paradigms (‘F’ in Figure 2.1) for information systems along 

with their ontological and epistemological assumptions are discussed. A decision is made 

regarding the paradigm to be used for this study (§ 2.2). 

The guidelines for the chosen paradigm’s methodology (‘M’ in Figure 2.1) are then 

discussed, which inform the research process of the study (§ 2.3).  

The practical application (‘A’ in Figure 2.1) of the research paradigm or framework of ideas 

will be investigated once the methodology has been finalised (§ 2.4). 
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2.2 Research paradigms (F) 

In order to gain a better understanding of research paradigms, a breakdown of the term is 

needed. Firstly, the word ‘research’ is defined as “a process of steps used to collect and 

analyse information to increase our understanding of a topic or issue” (Creswell, 2012:3). 

Research consists of three basic steps, namely pose a question, collect data and present 

an answer to the question (Creswell, 2012:3). Research very importantly suggests 

improvement to practice by being able to make informed decisions (Creswell, 2012:4).  

Secondly, the word paradigm is defined by Kuhn (1962:23) as “an accepted model or 

pattern”. A paradigm is a representation of how an individual experiences and views the 

world.  

Therefore, a research paradigm is a specific way of looking, analysing and learning about 

a perceived problem situation. A research paradigm or framework of ideas provides the 

context for a study (Ponterotto, 2005:128). Although varying paradigms exist 

(Ponterotto, 2005:128) in information systems, four frequently used paradigms, namely 

positivism, interpretive studies, design science research (DSR) (Vaishnavi & Kuechler, 

2004:126) and critical social theory research (Blanche et al., 2006:6; 

Ponterotto, 2005:128) will be discussed in this chapter. Paradigms are distinguished by 

their philosophical underpinnings; in other words, by their ontological and epistemological 

assumptions. These assumptions depict what reality is and how that reality can be 

understood. The research approach of each paradigm is fundamentally underpinned by 

the ontological and epistemological assumptions and is therefore also evident in the 

methodology and methods of each paradigm (Scotland, 2012:9).  

Ontological assumptions are all about how reality is constructed and what is known about 

that reality (Ponterotto, 2005:130). According to Iivari et al. (1998:172), ontology refers to 

the “structure and properties” of what is assumed to exist. Walsham (1995:76) 

summarises the work of Archer (1988), and states that ontological assumptions are 

categorised into external realism, which assumes that reality is independent, internal 

realism, which assumes that reality is an intersubjective construction of the shared human 
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cognitive apparatus, or subjective idealism, which assumes that each person constructs 

their own reality. 

Epistemological assumptions have to do with how we come to understand or the nature 

of knowledge (Iivari et al., 1998:174; Krauss, 2005:758). Epistemology is concerned with 

how knowledge is acquired, created and communicated (Scotland, 2012:9). Epistemology 

is the study of how truth is obtained and proven within a reality 

(Bodenreider et al., 2004:186). Each paradigm’s methodology and method are deeply 

rooted in the methodology’s epistemological assumptions. 

In the following sections, the four major information systems paradigms will be explored. 

2.2.1 Positivistic paradigm 

Also known as the scientific paradigm, the positivistic paradigm was developed during the 

enlightenment (Scotland, 2012:10). Positivist studies focus on relationships within the 

phenomena and are measured through instruments mainly to test theory 

(Orlikowski & Baroudi, 1991:6). The ontological stance of positivism is realism 

(Scotland, 2012:10). Realism implies that there is an objective reality that exists beyond 

and independently from humans or researchers that needs to be discovered 

(Scotland, 2012:10). Positivistic epistemology is objectivism, where the researcher and 

the discoverable reality exist independently (Scotland, 2012:10). Our senses do not 

influence our reality. As the name “scientific paradigm” suggests, research findings are 

factual and descriptive using empirical data and are viewed as true if they are repeatable 

(Orlikowski & Baroudi, 1991:9). It is a reductionist approach constantly trying to simplify 

variables and it is not ideal in education research (Scotland, 2012:11).  

2.2.2 Interpretive paradigm 

The interpretive paradigm explores the phenomenon in its natural setting in order to gain 

understanding (Orlikowski & Baroudi, 1991:6). The ontological stance of interpretivism is 

relativism (Scotland, 2012:11). Our senses play a vital part in our reality and reality is 

individually constructed, and therefore every person has his/her own reality 
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(Scotland, 2012:11). The epistemological stance of interpretivism is subjectivism 

(Scotland, 2012:11). The researcher cannot distance himself from his research, because 

he forms part of it; it is part of his reality. The aim of the interpretive paradigm is to 

understand a phenomenon from an individual’s perspective (Scotland, 2012:12). It is in 

social interaction that meanings arise, and when trying to understand those meanings, 

positivist thinking and methodologies are not useful (Orlikowski & Baroudi, 1991:16).  

2.2.3 Design science research paradigm 

A more recent paradigm that emerged within IS, is design science research (DSR) 

(Peffers et al., 2007:2). DSR involves the construction of social and technical artefacts, 

such as tools for modelling, algorithms, system design methodologies, decision support 

systems, and human/computer interfaces (Gregor & Hevner, 2013:337; 

Vaishnavi & Kuechler, 2004:2). DSR is described as a lens for conducting IS research by 

Vaishnavi and Kuechler (2004:1). Two primary activities of DSR that aim to understand 

and improve the behaviour of IS aspects include: (1) the creation of new knowledge 

through the design of artefacts (things or processes); and (2) analysing the usefulness 

and performance of the artefact through reflection and abstraction (Vaishnavi & Kuechler, 

2004:2). The epistemological stance of DSR is that information is factual; it stems from 

interactions between components; and that information gets meaning through the process 

of development and iterative circumscription (Vaishnavi & Kuechler, 2004:25). The 

predictability of an artefact determines the reliability of information (Vaishnavi & Kuechler, 

2004:25). The ontological stance of DSR is that the state of the world is changed with the 

introduction of a new artefact. DSR therefore supports the notion of multiple world states, 

which should not be confused with interpretivism’s realism (Vaishnavi & Kuechler, 

2004:25). DSR, in contrast with interpretivism, believes that one stable grounding reality 

exists, which constrains the multiplicity of world states (Vaishnavi & Kuechler, 2004:25).  

2.2.4 Critical social theory research 

Critical research is philosophically based on critical social theory research aiming to step 

in, intervene and improve. Critical social theory research depicts that reality is constructed 
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socially (Harvey, 1990:4). It takes on a totalistic approach in which critical social theory 

research aims to look deep into a problem or phenomenon and, after really understanding 

it through deconstruction, making the necessary changes to improve the situation, i.e. 

reconstruct it (Harvey, 1990:19; Orlikowski & Baroudi, 1991:21). Orlikowski and Baroudi 

(1991:21) assert that everyone has unrealised potential and by realising that these 

opportunities exist to reach their potential, action can be taken to change their material 

and social circumstances; they further state that there are constraints to acting for change 

because individuals get distanced from their potential through current political, economic 

and cultural systems. Critical social theory research considers every complex social 

structure in terms of the relationships between all parts as well as how each part relates 

to the social structure itself (Harvey, 1990:19). Critical social theory research denies 

objectivity of social structures, and therefore regards positivistic methods as unsatisfactory 

since it only deals with the appearance of objectivity (Harvey, 1990:17). Critical thinking 

forms part of the core principles of critical social theory research. The researcher should 

think about thinking, questioning statements as to whether they are favourable or not to a 

particular situation (Loseke, 2013:7). Critical social theory research is concerned with 

knowledge about prevailing social structures (Harvey, 1990:4). It is exactly these 

structures that are seen as oppressive through the eyes of a critical researcher (Harvey, 

1990:4). The core function of critical social theory research is to be critical, which allows it 

to identify the possible oppressing structures and allows for individual emancipation 

(Leonardo, 2004:12; Myers & Klein, 2011:19). In order to intervene and improve 

problematic situations, Alvesson and Deetz (2000:139) include three elements in critical 

research: 

• Insight – to provide background and understanding about the current situation. 

• Critique – identify power structures from an objective point of view 

(Myers & Klein, 2011:24). 

• Transformative redefinition – emancipatory action. 



 

27 | C h a p t e r  2 :   R e s e a r c h  m e t h o d o l o g y  
 

The ontological stance of critical social theory research is critical realism (Delanty, 

2011:75). According to Scotland (2012:11), reality is constructed socially. Critical systems 

aim to critique and remove oppressing structures. Epistemologically, critical social theory 

research views knowledge and critique as “intertwined” (Harvey, 1990:5). Knowledge is 

not a static entity, but rather a process of trying to understand the world and also 

understanding the knowledge that informs our perceptions of the world (Harvey, 1990:5).  

2.2.5 Research paradigm for this study 

Because positivism’s ontological stance is realism, and the role of the researcher is 

objective, positivism is not a suitable paradigm for this study because the researcher is a 

subjective agent for change in this problem situation. In terms of interpretivism, relativism 

is supported by the researcher; however, this study goes far deeper than merely 

understanding the problem. This study aims to change and to improve the programming 

skills of students. Interpretive data collection and analysis techniques will be used to 

inform the study, but change is a requirement in this study and the main objective of this 

study does not fit into the interpretive paradigm. Design science research focuses on an 

artefact; since this study will not deliver an artefact, and the epistemological assumption 

that knowledge comes from the creation of an artefact is not the main objective of this 

study, design science research is not suitable for this study. This study’s objective is to 

learn through change, and fits directly into the epistemological assumption of critical social 

theory research. Therefore, the ontological assumption for this study is that every 
student comes to the programming classroom with his/her own perspective as well 
as oppression and as an agent of change, individual emancipation or improvement 
is the end goal. 

2.3 Research Principles (M) 

As shown in Figure 2.1, the research paradigm or framework of ideas (F) informs the 

methodology. This section provides guidelines for conducting critical social theory 

research as well as applicable interpretive research methods.  
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2.3.1 Critical social theory research principles 

The principles provided in Table 2.1 are based on the research of Habermas, Foucault 

and Bordieu (Myers & Klein, 2011:20). Alvesson and Deetz (2000:140) originally 

suggested that insight should be used to gain an understanding of the problematic 

situation (§ 2.2.4). Myers and Klein (2011:24) decided not to include Alvesson and Deetz's 

(2000:140) insight in their list of principles, because the concept of insight is virtually the 

same as insight gained through interpretive research. Myers and Klein (2011:24) assert 

that insight into social situations can be sought through various other techniques, including 

Klein and Myers' (1999) principles for interpretive studies. 

Table 2.1: Elements and principles for critical research adapted from Myers 

and Klein (2011:25) 

Element 1: Insight 

It is suggested that the researcher 
should use interpretive actions to 
comprehend the situation (Alvesson 
& Deetz, 2000:140; Myers & Klein, 
2011:24) 

Myers and Klein (2011:24) state that interpretive 
methods might be useful to gain a better 
understanding of the problematic situation. This is not 
a principle, but rather a suggestion. This study will use 
Klein and Myers' (1999) principles for interpretive 
studies as shown in Table 2.2. 

Element 2: Criticism 

The principle of using core concepts 
from critical social theorists 

Myers and Klein (2011:25-27) suggest that the 
researcher should base and plan his/her data 
collection and analysis on critical theorist/s.  

The principle of taking a value 
position 

This principle implies that the researcher should make 
the values of the critical theorists known.   

The principle of revealing and 
challenging prevailing beliefs and 
practices 

This principle urges the researcher to be critical. It is 
expected of the researcher to identify and expose 
existing social practices and “challenge” these 
practices with conflicting ideas (Myers & Klein, 
2011:25).    

Element 3: Transformative redefinition 

The principle of individual 
emancipation 

This principle expects the researcher to take a value 
stance in order to identify possible oppressing 
structures that affect an individual or group and 
possibly changing their circumstances; whether it is 
physically or socially.  
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Table 2.1: Elements and principles for critical research adapted from Myers 

and Klein (2011:25) (continued) 

Element 3: Transformative redefinition (continued) 

The principle of improvements in 
society 

This principle is an extension of the principle 4 where 
the emancipatory action can also reach a society as a 
whole. One of the goals of social theories is to make a 
difference in society (for instance education 
institutions, organisations, press, etc.) (Myers & Klein, 
2011:27). Better understanding of social constructs 
leading to improvements of the situation lies at the 
heart of this principle.   

The principle of improvements in 
social theories 

This principle suggests improvements in social 
theories in terms of theoretical knowledge (Myers & 
Klein, 2011:28). Here, the researcher is advised and 
reminded to remain critical about his/her own work as 
well as those of critical theorists. The aim is to add to 
the body of knowledge. 

 

Therefore, this study will incorporate the suggestion of interpretive methods to gain an 

understanding of the problematical situation (Table 2.2), which is discussed next.  

2.3.2 Interpretive research principles  

Since Myers and Klein (2011:24) suggest that interpretive methods are used to gain a 

better understanding of the problematical situation, Klein and Myers' (1999) principles for 

conducting interpretive research will be used and are given in Table 2.2. 

Table 2.2: Principles for interpretive field research (Klein & Myers, 1999:72) 

Principles Description 

The fundamental 
principle of the 
hermeneutic circle 

This principle suggests that all human understanding is achieved by 
iterating between considering the interdependent meaning of parts 
and the whole that they form. This principle of human 
understanding is fundamental to all the other principles. 

The principle of 
contextualisation 

Requires critical reflection of the social and historical background of 
the research setting, so that the intended audience can see how the 
current situation under investigation emerged. 
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Table 2.2: Principles for interpretive field research (Klein & Myers, 1999:72) 

(continued) 

Principles Description 

The principle of 
interaction between 
researchers and 
subjects 

Requires critical reflection on how the research materials (or ‘data’) 
were socially constructed through the interaction between the 
researchers and participants.  

The principle of 
abstraction and 
generalisation 

Requires relating the idiographic details revealed by the data 
interpretation through the application of principles one and two to 
theoretical, general concepts that describe the nature of human 
understanding and social action. 

The principle of 
dialogical reasoning 

Requires sensitivity to possible contradictions between the 
theoretical preconceptions guiding the research design and actual 
findings (‘the story that the data tells’) with subsequent cycles of 
revision. 

The principle of multiple 
interpretations 

Requires sensitivity to possible differences in interpretations among 
the participants as are typically expressed in multiple narratives or 
stories of the same sequence of events under study. Similar to 
multiple witness accounts even if all tell it as they saw it.  

The principle of 
suspicion 

Requires sensitivity to possible ‘biases’ and systematic ‘distortions’ 
in the narratives collected from the participants. 

 

These principles will be incorporated as discussed in the next section. 

2.3.3 Research principles applied to this study 

This section provides an overview of how the principles discussed above (§ 2.3.1 & § 

2.3.2) will be incorporated within this study.  

Table 2.3 addresses how each of the principles for critical research is applied within this 

study as originally set out in Table 2.1.  
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Table 2.3: Elements and principles for critical research applied to this study 

adapted from Myers and Klein (2011:25) 

Element 1: Insight 

It is suggested that the researcher should 
use interpretive actions to comprehend the 
situation (Alvesson & Deetz, 2000:140; 
Myers & Klein, 2011:24) 

Lecturer’s reflection and interviews will be used. 
This study will then use Klein and Myers' (1999) 
principles for interpretive studies as shown in 
Table 2.4. 

Element 2: Criticism 

The principle of using core concepts from 
critical social theorists 

The core concepts of Ulrich (1983) for critical 
systems heuristics are used to guide data 
collection and analysis in this study. 

The principle of taking a value position 

The researcher takes the value position that 
computational thinking skills can explicitly 
improve the programming skills of students. The 
lecturer is responsible for the satisfaction, 
engagement and performance of the students. 
An organic relationship exists between the 
lecturer and students. The researcher wants to 
avoid the students feeling or being treated like 
research subjects. 

The principle of revealing and challenging 
prevailing beliefs and practices 

The researcher will investigate reasons why 
students find programming difficult, taking 
existing teaching practices and learning material 
into consideration. 

Element 3: Transformative redefinition 

The principle of individual emancipation 

Individual improvement is one of the main aims 
of this study. This study’s focus is on helping 
students to reach their full potential within the 
process of learning to program (Jackson, 
2003:303) and developing guidelines in the 
process. 

The principle of improvements in society 

Better programmers in society that will possess 
computational thinking skills that are not only 
applicable to programming, but also to other 
disciplines and areas of life, thereby contributing 
critical thinkers to society. 

The principle of improvements in social 
theories 

This study will contribute guidelines on the 
improvement of programming skills from a 
critical systems perspective that will add to the 
body of knowledge. 
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Since interpretive data collection methods will be used, the principles for interpretive field 

research are used for this study, as given in Table 2.4 study (Klein & Myers, 1999:72). 

Table 2.4: Principles for interpretive field research applied to this study 

(Klein & Myers, 1999:72) 

Principles Description 

The fundamental principle 
of the hermeneutic circle 

A holistic view of each student is formed through the interview 
process, taking each response of a student in relation to the 
student’s perspective. Keeping in mind that the entire 
problematical situation and successes and failures on intervention 
strategies are only fully understood by understanding the 
perspective of each participant in relation to all participants’ 
responses, and interpreting all participants’ responses in terms of 
each participant’s view. 

The principle of 
contextualisation 

Background is given on students’ previous experiences. 
Purposeful participant selection is used in an effort to convey as 
much information as possible. 
The lecturer’s perceptions and experiences are provided in order 
to provide context. 

The principle of 
interaction between 
researchers and subjects 

Frequent interaction takes place throughout the study and is 
discussed in the AR phases.  

The principle of 
abstraction and 
generalisation 

Content analysis is used to interpret, abstract and generalise 
findings in the evaluation phase of AR. 

The principle of dialogical 
reasoning 

The guidelines to improve programming skills of students using 
computational thinking skills following the principles of a critical 
systems approach depend on the interplay between theory and 
findings. 

The principle of multiple 
interpretations 

Thorough analysis will ensure the findings are traceable to the 
data. 

The principle of suspicion 
It can be assumed that every participant will convey his/her story 
as he/she perceived the situation. Care is taken to identify 
possible deception. 

 

These principles are applied to the study and are discussed in more detail in the chapters 

that follow. The research methods used are discussed next. 
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2.4 Research Methods (A) 

The research design for this study is action research (AR), and is discussed next (§ 2.4.1). 

Within the process of AR, an interpretive data collection and analysis technique will be 

used to process the data, which will be discussed further (§ 2.4.2). 

2.4.1 Action research from a critical perspective 

Action research (AR) is an interventionist technique (Baskerville & Wood-Harper, 

1996:237) used by practitioners within a specific context where an intervention experiment 

is applied that is applicable to certain problems encountered (Baskerville, 1999:9). AR is 

a suitable method to apply within the discipline of IS (Baskerville & Wood-Harper, 

1996:235). When AR is applied within an organisation, the researcher is put in a “helping 

role” (Baskerville & Wood-Harper, 1996:235). Four main characteristics, as given by 

Baskerville (1999:6) for IS action research, are: 

• Aiming to improve understanding of immediate social situations with an emphasis on 

the complexity and quality of the situation within an IS domain. 

• Assisting in practical problem-solving and simultaneously improving scientific 

knowledge. 

• Encouraging collaboration that enhances the capabilities of the actors. 

• Understanding the processes of change within social systems. 

The AR cycle is given in Figure 2.2 (Susman & Evered, 1978:588). 
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Figure 2.2: The action research cycle (Susman & Evered, 1978:588) 

The process of action research is described in the following phases, as given by 

Baskerville (1999:15): 

• Problem exploration and diagnosing: Exploring the problem situation by identifying the 

core reasons why change is desired within the organisation. This is a holistic process, 

sweeping in and not reducing problem situations. This step often involves self-

interpretation by the researcher by looking at as many factors as possible (Baskerville 

& Wood-Harper, 1996:238). A working hypothesis or theoretical assumptions are 

normally formed about the problem domain and the organisation (Baskerville & Wood-

Harper, 1996:238). 

• Action planning: In this phase, researchers and practitioners collaborate in order to 

plan an intervention for the diagnosis made in the previous phase (Baskerville & Wood-

Harper, 1996:238). These planned activities are guided by the theoretical framework 

that stipulates the desired outcome (target) as well the changes (plan) required to 

achieve the outcome. 
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• Action taking: The plans are now executed in an active intervention. Intervention 

tactics can be used to directly intervene or in a non-directive manner.  

• Evaluating: The outcomes need to be evaluated. It should be determined whether the 

theoretical effects were achieved and whether the problem situation was improved. It 

should also be determined whether the intervention was the cause of the success. If 

the change was not entirely successful, a new framework should be compiled for a 

new iteration. 

• Specifying learning: Learning is an ongoing process where the results (successful or 

unsuccessful) are useful for the organisation itself to adjust according to results, the 

diagnosis phase for the next cycle, and the scientific community for future research. 

The client-system infrastructure is an agreement and specification that “constitutes the 

research environment” (Baskerville & Wood-Harper, 1996:238). It is a space where the 

researchers and practitioners can specify actions to be taken and takes the actions to be 

beneficial to the organisation. The researcher and practitioners work closely to provide the 

subject knowledge and study the anomalies discovered (Baskerville & Wood-Harper, 

1996:238). 

When action research is conducted, changes in terms of the framework of ideas, 

methodology and area of concern can be expected as the research progresses 

(Checkland & Holwell, 1998:13). Changing the framework of ideas, methodology or area 

of concern because the researcher gets so involved in the real world situation is one of 

the most important principles of AR that is often neglected in literature (Checkland & 

Holwell, 1998:13). Figure 2.3 shows the AR process in human situations and is as follows: 

1. The researcher has to declare his framework of ideas and methodology within a 

specific theme of interest; 

2. The researcher will then play the role of researcher, but also participant; 
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3. The researcher will then work towards bringing about improvement in the social 

situation; and 

4. The researcher should then reflect on the framework of ideas and methodology based 

on the involvement phase. Refinement could be on the table for earlier steps in the 

process of thinking of the suitability of the framework of ideas and the methodology. 

The researcher should determine when the AR cycle is terminated. 

 

Figure 2.3: Cycle of action research in human situations 

(Checkland & Holwell, 1998:13) 
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2.4.2 Action research cycle for this study 

The AR cycle for this study is given in Figure 2.4. 

 

Figure 2.4: The AR cycle for this study based on Susman & Evered (1978:588)  

The AR steps for this study are as follows:  

1. Problem exploration and diagnosis 

(a) Identify oppressing structures within a programming course in terms of the 

learning environment, using informal conversational interviews such as office 

visits, discussions with other lecturers and teaching assistants, and test scores. 
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(b) Measure students’ understanding of programming concepts learned through the 

completion of concept tests. 

2. Plan intervention 

(a) The literature study on critical systems heuristics (Chapter 3) will inform the 

approach to follow for intervention. 

(b) The literature study on teaching and learning to program (Chapter 4) will guide 

the type of interventions employed to develop the computational thinking skills of 

students in order to improve their programming skills. 

(c) Plan the instructional design for the course. 

(d) Develop guidelines for the improvement of students’ programming skills using 

computational thinking skills following the principles of a critical systems 

approach. 

3. Take action 

(a) Implement the guidelines for improvement of students programming skills using 

computational thinking skills following the principles of a critical systems 

approach. 

4. Evaluation 

(a) Measure students’ understanding of programming concepts learned through 

concept tests. 

(b) Gain insight into the successes and failures of the intervention plan by means of 

interviews. 

5. Specify learning 
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(a) Reflect on students’ programming skills performance and experience through 

recording and adapting guidelines on how to improve students’ programming 

skills using computational thinking skills following a critical systems approach. 

This process is iterative in nature, and one phase will inform the next. For this 

study, the participants include Programming 1 and Programming 2 students. The 

first cycle starts with Programming 2 students and then findings are addressed in 

the next cycle with Programming 1 students. This is repeated again, with cycle 3 

involving Programming 2 students and cycle 4, Programming 1 students. 

2.4.3 Rigour in action research 

Bradbury-Huang (2010:102) lists criteria for evaluating good research (Table 2.5).  

Table 2.5: Criteria for the evaluation of action research, quoted from 

Bradbury-Huang (2010:102) 

Criteria Description 

Articulation of 
objectives 

The extent to which authors explicitly address the objectives they believe 
relevant to their work and the choices they have made in meeting those. 

Partnership and 
participation 

The extent to and means by which the project reflects or enacts 
participative values and concern for the relational component of research. 
By the extent of participation we are referring to a continuum from 
consultation with stakeholders to stakeholders as full co-researchers. 

Contribution to 
action research 
theory/practice 

The extent to which the project builds on (creates explicit links with) or 
contributes to a wider body of practice knowledge and or theory, that 
contributes to the action research literature. 

Methods and 
processes 

The extent to which the action research methods and process are 
articulated and clarified. 

Actionability The extent to which the project provides new ideas that guide action in 
response to need. 

Reflexivity The extent to which the authors explicitly locate themselves as change 
agents. 

Significance 

The extent to which the insights in the manuscript are significant in content 
and process. By significant we mean having meaning and relevance 
beyond their immediate context in support of the flourishing of persons, 
communities, and the wider ecology. 
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He also mentions that it is rare that a research piece adheres to these criteria equally; 

however, from a quality perspective, it is more important for transparency regarding every 

decision made and honestly listing the limitations that go along with it. 

2.4.4 Interpretive data collection 

The AR process in principle is an iterative process of data collection, analysis and 

evaluation. Grounded theory research provides strategies to conduct rigorous qualitative 

research, including the organisation, collection and analysis of qualitative data (Charmaz, 

1996:27). Grounded theory is a methodology that develops a theory while collecting and 

analysing data (Strauss & Corbin, 1994:273). It is a continuous process between data 

collection and analysis. In grounded theory, a theory is initially developed, which is  

grounded in the data collected and adapted as data collection and analysis continue 

(Strauss & Corbin, 1994:273). This process implies that the process of data analysis will 

inform or shape the data collection process for the next data collection process. Wiesche 

et al. (2017:687) say that grounded theory methodology not only develops theory, but also 

contributes to research with models that embody variables and their relationship and rich 

descriptions also known as narratives.  

The fundamental principle of hermeneutics, which includes the iterative process of 

understanding each part that forms the whole (Table 2.2), supports the notion of grounded 

theory. Grounded theory is one interpretive research method to achieve constant 

interaction and adaptions between data and theory. AR and grounded theory seem like 

the perfect match because the collection and analysis in one cycle will mould the data 

collection and analysis for the next cycle. However, in this study, a theory will not be 

developed and therefore grounded theory is not entirely suitable. Some grounded theory 

principles and methods (§ 2.4.7) will be used.   
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Maree (2007:88) lists the following interpretive data collection techniques: 

• Documents and textual data: Include all forms of written communication (formal and 

informal) that can inform the enquiry about a phenomenon such as reports, faxes, 

emails, memoranda, letters; 

• Observation: The researcher observes, without unnecessary enquiry, the behaviours 

of participants. Differing levels of participation of the researcher exist; 

• Interviews: A two-way conversation between researcher and participant with the aim 

of learning about the participant’s opinions, behaviour, ideas and beliefs; and 

• Focus groups: Interviews within a group dynamic where participants might feel more 

confident to express opinions and experiences. 

Interviews will be used in this study. 

2.4.5 Data collection in this study 

Interpretive methods will be used to collect data in order to understand the social situation 

within the AR cycle (§ 2.3.1) (Myers & Klein, 2011:24). This section covers the participants’ 

selection and data collection methods. 

2.4.5.1 Participants 

The participants for this study involved user interface programming 1 (UIP 1 - 1st year) and 

2 (UIP 2 - 2nd year) students from North-West University. Cycle 1 ended unexpectedly and 

initiated cycle 2, also based on UIP 2. In cycles 1 and 2 (UIP 2), it was discovered that 

some issues needed to be addressed earlier in the first-year (UIP 1) course. Therefore, 

cycle 3 was not based on UIP 2, but rather on the preceding course. Cycles 1, 2 and 4 

were based on the same course (UIP 2). Cycle 3 was based on the UIP 1 course. The 

participants for the study are given in Table 2.6. 
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Table 2.6: Study participants according to each cycle 

Cycle Nr. of participants Course abbreviation 

Cycle 1 118 students UIP 2 

Cycle 2 118 students UIP 2 

Cycle 3 121 students UIP 1 

Cycle 4 86 students UIP 2 
 

Purposeful sampling will be used to collect data in order to learn about the problematic 

situation until saturation has been reached (Creswell, 2012:206). 

2.4.5.2 Interviews 

When interviews are conducted, a series of questions are asked to the participants in a 

non-biased way. There are different varieties of interviews, namely informal conversational 

interviews, interview guide approach and open-ended interviewing 

(Tashakkori & Teddlie, 2010:305). The informal conversational interview is unstructured 

and questions flow naturally in the conversation similar to narratives (Kumar, 2014:194). 

The interview guide approach, on the other hand, entails having a list of topics to cover, 

which wording can be changed to fit into the conversation. Open-ended interviews are 

based on open-ended questions that deliver qualitative data. The presentation of this type 

of interview is fixed, and therefore the same for all participants with the same order and 

wording of questions (Tashakkori & Teddlie, 2010:306).  

In this study, informal conversational interviews (diagnosis phases of AR) as well as open-

ended interviews (evaluation phases of AR) will be conducted. 

2.4.5.3 Test scores 

Tests are often used by researchers to measure aptitude, personality or performance. In 

this study, concept tests will be used in order to test the participants’ understanding of 

programming concepts. The tests are used in the evaluation phase of the AR cycles. 

Strengths for tests include: providing quantitative data, high response rate for groups, easy 
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data analysis, and tailored tests for specific research. Weaknesses include: could be 

biased against groups, potential non-response to questions, and possibly not appropriate 

for a local audience (Tashakkori & Teddlie, 2010:312). 

2.4.5.4 Secondary data 

Secondary data gathered from the North-West University’s learning management systems 

will be used and discussed in more detail when used.  

2.4.6 Data collection and participants according to the AR cycle for this study 

The participants and data collection techniques are listed according to the AR phases of 

the study (Table 2.7). The actions and participants might differ between AR cycles and will 

be addressed in the appropriate chapters.  

Table 2.7: Summary for this study in terms of the AR cycle 

Phase Action: UIP course 

Problem exploration Improving the programming skills of students 

Diagnosis Measure programming skills 

Action planning Based on a computational thinking teaching approach (PSLE) – 
Chapter 4 

Taking action Implement action plan 

Evaluation Critical systems (Ulrich) inspired interviews 

Specify learning Reflect on conditioned views based on critical systems (Ulrich) inspired 
interviews by revising and adapting guidelines 

 

The data collection and analysis involving the participants above are discussed next. 

2.4.7 Data analysis 

Several qualitative data analysis techniques exist and some are listed here (Maree, 

2007:110): 
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• Hermeneutics: A philosophical approach to human understanding, often used in 

interpretivism. The idea is that understanding comes from analysing and 

understanding textual data as a whole and its parts. 

• Constant comparison analysis, founded by Glaser and Strauss (1967), also known as 

coding, grouping the data into meaningful smaller chunks and assigning codes to the 

data (Leech & Onwuegbuzie, 2007:565). 

• Content analysis, similar to constant comparison analysis, but here the number of 

times a code is used is counted. This approach can help to highlight the most important 

concepts within the data (Leech & Onwuegbuzie, 2007:569).  

• Conversation analysis: This technique involves the analysis of “talk in interaction” and 

focuses on the description of the structure, orderliness and origins of conversation 

(causal or in an organisation). 

• Discourse analysis: The main idea is to analyse language patterns in different social 

domains. These conversations or texts are analysed with the aim of identifying 

underlying sources of power, bias and inequality, dominance and how these sources 

were initiated, maintained and reproduced within political, social, economic and 

historical contexts. 

• Domain analysis identifies the larger body of cultural knowledge or domains. Here, the 

domains are labelled, in contrast with constant comparative analysis, where chunks of 

information is labelled with codes (Leech & Onwuegbuzie, 2007:570). 

Content analysis is grounded in grounded theory and will be used for this study in the 

evaluation and diagnosis phases of the AR cycle. There are three different types of content 

analysis, namely conventional, directed and summative content analysis (Table 2.7). The 

conventional content analysis approach is usually employed when a phenomenon is to be 

understood (Hsieh & Shannon, 2005:1279). No categories are set up prior to data 

collection. Directed content analysis involves the utilisation of existing literature and 

theories to guide the analysis process by providing possible codes and predictions 
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(Hsieh & Shannon, 2005:1281). Summative content analysis goes beyond directed 

content analysis by including latent content analysis in order to understand the context 

within which the words are used (Hsieh & Shannon, 2005:1284). The major coding 

differences between the above-mentioned approaches are listed in Table 2.8 along with 

the timing and source of code creation. Coding involves in-depth reading of transcribed 

data and division of data into meaningful units by marking it with words or unique codes 

(Maree, 2007:116). A meaningful unit translates as a single word or combination of words 

that constitutes meaning by conveying sufficient information. The coding process allows 

a researcher to view all the meaningful units with a specific code or word together so that 

a deduction can be made (Maree, 2007:116). 

Table 2.8: Major coding differences among three approaches to content 

analysis (Hsieh & Shannon, 2005:1286) 

Type of content 
analysis Study starts with Timing of defining 

codes or keyword 
Source of codes or 

keywords 

Conventional 
(Undirected) Observation Codes are defined 

during data analysis 
Codes are derived 
from data 

Directed Theory 
Codes are defined 
before and during 
content analysis 

Codes are derived 
from theory or 
relevant research 
findings 

Summative Keywords 

Keywords are 
identified before and 
during content 
analysis 

Keywords are derived 
from interest of 
researchers or review 
of literature 

 

An example of coding as given by Maree (2007:117) is given in Table 2.9. 

Table 2.9: Example of coded transcript (Maree, 2007:117) 

Reflective notes Transcription of interview Code 

Use of metaphor Ms Vasti: I meant there is nothing like a 
good spanking to get children’s attention. 

Discipline strategy; and 
purpose of discipline 
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The data analysis techniques for this study is discussed in the following section. 

2.4.8 Data analysis techniques used for this study 

This study will use the conventional content analysis approach, as shown in Table 2.8, to 

form codes. A general coding process will be followed, as laid out by Zhang and Wildemuth 

(2009:3): 

1. Preparing the data: Transcribing the data into written text; 

2. Defining the unit of analysis: Defining the themes within the data to be analysed; 

3.  Developing categories and coding schemes: Categories and coding schemes are 

generally identifiable within the data, previous studies or literature. Here, codes are 

generally grouped into categories or themes (Maree, 2007:117); 

4. Testing the coding scheme on a sample: Code a sample of your data in order to 

establish a test for consistency and clarity; 

5. Coding all the text: Now, all text is coded carefully; 

6. Assessing consistency: Recheck for consistency; 

7. Draw conclusions: Make sense of all the categories and themes identified; and 

8. Reporting findings: Report on your findings.  

The coding process is discussed in detail in the first AR cycle. The research plan is 

presented in the following section. 

2.5 Research plan 

The research plan for this study is given in Figure 2.5, which is a summary of the 

methodology that has been discussed in this chapter. The overall research plan is based 

on Checkland and Holwell's (1998:13) basic elements of a research project and 
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incorporates Baskerville's (1999:14) AR cycle as part of A in the FMA model. The research 

plan is repeated before each chapter, highlighting the relevant chapter. 

2.6 Rigour 

Rigour for this study will be ensured through the application of principles for critical social 

theory research and interpretive research (§ 2.3.3). Zhang and Wildemuth's (2009:3) 

guidelines for analysis of data will also be applied (§ 2.4.8).  

2.7 Conclusion 

Research paradigms are distinguished through their ontological and epistemological 

assumptions. Ontology constitutes what reality is (Ponterotto, 2005:130), and 

epistemology determines how we come to understand knowledge (Iivari et al., 1998:174; 

Krauss, 2005:758). The four main research paradigms in IS include positivism, 

interpretivism, DSR and critical social theory research. Positivism’s ontological stance is 

realism and the role of the researcher is objective in nature. Interpretive studies aim to 

understand, and DSR focuses on the development of an artefact for knowledge creation. 

Critical social theory research focuses on learning through change. 

This study’s main objective is to learn through change, and fits directly into the 

epistemological assumption of critical social theory research. The ontological assumption 

for this study is that every student comes to the programming classroom with his/her own 

perspective as well as oppression and, as an agent of change, individual improvement is 

the goal. Other paradigms and methodologies will also be incorporated in order to address 

the research problem fully within the AR cycles and to produce guidelines for improving 

the programming skills of students using a critical systems approach. These will be 

discussed specifically in each AR cycle (Chapter 5, Chapter 6, Chapter 7 and Chapter 8).  

This chapter provided the research methodology for the study and is followed by relevant 

literature reviews in critical systems methodologies and furthermore programming 

education (learning- and teaching approaches). 
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Figure 2.5: Research plan for this study 
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2.8 Summary 

Within information systems, the positivistic -, interpretive -, design science research -, and 

critical social theory research paradigm were often used.  The suitability of critical social 

theory research s shown in terms of the ontological – and epistemological assumptions of 

the paradigm. The ontological stance of critical social theory research is to learn through 

change, thus focussing on individual emancipation and the epistemological stance is that 

knowledge is a process of trying to understand the world and also understanding the 

knowledge that informs our perceptions of the world (Harvey, 1990:5). 

The research principles for critical – and interpretive research is given as a guide for the 

methodology. Action research is discussed from a critical perspective to use as a tool in 

order to learn through change and improve the programming skills of students. 

The research plan is presented and the rigour is discussed. The next chapter will discuss 

critical systems methodologies.  
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CHAPTER 3: CRITICAL SYSTEMS THINKING 
METHODOLOGIES 

3.1 Introduction 

The primary objective of this study is to improve the programming skills of students using 

CST. In order to achieve this, computational thinking, from a constructionist perspective, 

is used to develop the potential of the students and to develop an instructional design for 

user interface programming. 

This chapter provides an overview of the literature of systems thinking. The key ideas for 

systems thinking is presented in Figure 3.1.  

 

Figure 3.1: Elements of this research in terms of CST, adapted from 
Checkland and Holwell (1998:13) 
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This chapter covers the developments in the systems thinking paradigm as well as the 

emergence of critical systems thinking and critical systems methodologies. Systems and 

their development is discussed (§ 3.2), followed by the schools of thought within systems 

thinking (§ 3.3), where critical systems thinking and critical systems heuristics is 

discussed. 

3.2 Systems 

Within this section, a shared understanding is formed of systems and systems thinking, 

which form part of the framework of ideas (F) for this study. The core ideas of this study 

are captured with the work of Werner Ulrich (§ 3.3.5.4). 

3.2.1 Definition of a system  

According to O'Connor and Mcdermott (1997:1), a system consists of interacting parts 

functioning as a whole that is self-maintained. Churchman (1968:29) says that systems 

have been defined many times and most will agree that a system consists of a set of parts 

that work together to achieve a set of goals.  

The post-World War II establishment of research and development (RAND) and 

operational research (OR) looks at systems as functionalistic, whereas a system is seen 

as holistic in systems thinking and CST (Ulrich, 1983:223). Ulrich and 

Reynolds (2010:247) say that using a systems approach implies that we have to consider 

our own maps systematically and determine what their shortfalls are, and thereby examine 

them from multiple perspectives. 

3.2.2 The origin and development of systems thinking 

In the twentieth century, systems thinking came into existence because of a flawed view 

on reductionism (Flood, 2010:269). It was thought best to reduce a system into smaller 

parts in order to understand the system; this was known as reductionism 

(Flood, 2010:269) and sometimes referred to as specialisation (Mulej, 2007:247). 
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Checkland (1981) wrote his book, Systems Thinking Systems Practice, in 1981. During 

this time period, OR and general systems theory (GST) were popular problems that 

science could not deal with, and these were highlighted, namely complexity, social 

phenomena and the application of scientific methodologies to real-world situations 

(Checkland, 1981:74).  

The systems movement came into existence because GST could not cope with 

complexity. Von Bertalanffy, a biologist, showed that reductionism is not helpful in 

understanding organisms. Organisms cannot be understood by only looking at their parts, 

but should rather be looked at as a whole. An organism’s parts are interrelated and cause 

the organism as a whole to exhibit emergent properties (Flood, 2010:270; Ison, 2008:140). 

This also applies to systems; a system’s emergent properties cannot be found by 

analysing its parts, but rather in the system functioning as a whole 

(O'Connor & Mcdermott, 1997:7). Systems thinking essentially studies the whole in order 

to understand its interrelated parts, thereby being the exact opposite of reductionism 

(O'Connor & Mcdermott, 1997:1). 

Checkland (2012:466) provides criteria to study the whole by looking at its function as well 

as relationships between parts. Peter Checkland explains and makes sense of systems 

thinking as a desperate avoidance of reductionism of natural science 

(Checkland, 2000:12). In 2012, he stated that it is vitally important for a systems thinker 

to have a clear understanding of emergent properties, which is the essence of holistic 

thinking and therefore resisting reductionist arguments (Checkland, 2012:466). This way 

of thinking caused von Bertalanffy to develop the general system theory (GST).  

Von Bertalanffy’s GST defines systems in terms of mathematical models and identifies 

general principles that will apply to different systems across disciplines 

(Von Bertalanffy, 1972:411). Von Bertalanffy (1972:412) shares his view based on 

Von Bertalanffy’s theory that a system is an entity, abstract or real, as seen from a certain 

viewpoint or perspective. He describes it as mental pictures of entities that are influenced 

by perspectives. Mulej (2007:351) states that general systems theory became a concept, 

and a concept: 
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• relates to other concepts; 

• views all components of the system as inseparable; 

• concentrates components; 

• is a state of symbol in relation to other concepts. 

Although Von Bertalanffy’s GST was not successful, the idea of systems thinking came to 

the fore and became a social theory (Checkland, 2000 ; Flood, 2010:271; 

Mulej et al., 2004:49). 

3.2.3 Characteristics of a system: Churchman’s contribution 

A substantial contributor to systems thinking is Charles West Churchman. His work 

focuses on taking on problem situations with a systems approach, which includes looking 

at a problem situation as a system and analysing this system in terms of five 

characteristics. The five characteristics deemed important when thinking about the 

meaning of a system are (Churchman, 1968:29): 

• the total system objectives and the performance measures of the whole system; 

• the system’s environment: the fixed constraints; 

• the resources of the system; 

• the components of the system, their activities, goals and measures of performance; 

and 

• the management of the system. 

In Chapter 2 in his book, The systems approach, he introduces the scientific manager and 

the management scientist. The difference being that a scientific manager focuses solely 

on efficiency, but it can end up being a very inefficient way to manage the whole system, 
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whereas a management scientist always keeps the whole system in mind when trying to 

get the system to run efficiently (Churchman, 1968:18). 

The management scientist has to give a precise description of what the whole system is, 

describe the environment in which the whole system functions, list its objective and explain 

how the activities of each of the parts of the system support this. The management 

scientist sounds trustworthy, but Churchman (1968:28) makes an adamant statement that 

one should challenge even a management scientist’s findings to make sure that the 

objectives identified by the management scientist are indeed correct and that those 

objectives are in line with those of the whole system. The management scientist 

approaches a system with five characteristics in mind. All five characteristics that are 

based on Churchman’s discussion are listed below, and include an initial application to 

the problem environment that will be developed further later in the study: 

3.2.3.1 The total system objectives 

In order to identify the real objective, it should be investigated whether the system will 

knowingly sacrifice the stated objective to achieve another goal. If this is the case, the 

objective that is stated in public is not the real objective (Churchman, 1968:31). At first, it 

seems like a fairly easy task; however, it is not the case most times. For example, in a 

classroom environment, students chase the highest grades possible even when the 

objective is to learn. The measure of performance, however, is the grade – just as some 

universities measure their performance not in terms of education, but on the throughput 

rate. In order to help in this daunting task, the performance measures of the overall system 

should be looked at in detail. The obvious objectives often are not the true objectives of a 

system. The true objective can be identified when the system will not willingly sacrifice the 

stated objective to reach another goal (Churchman, 1968:29). 

3.2.3.2 The systems environment 

The environment can be described as elements that lie outside the system, that cannot 

change a great deal regarding its characteristics or behaviour, that are fixed or given, 

including people from the system’s point of view (Churchman, 1968:36). 
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Ackoff (1971:662) says that the environment is a set of elements that do not form part of 

the system; however, a change in the environment can cause a change in the state of the 

system. Two questions are given to help determine the environment: “Can I do anything 

about it?” and “Does it matter relative to my objectives?”. If the answer is “No” for the first 

question and “Yes” for the second question, then it is part of the environment 

(Churchman, 1968:31). 

It should also be noted that the environment could become a system depending on the 

observer. For example, the university views different programmes, lecturers and students 

as one system, but from a student’s perspective, the university could be seen as the 

environment and his/her programme as the system. Therefore, every system can form 

part of a larger system.  

3.2.3.3 The system’s resources 

The resources are inside the system and can change unlike the environment. Resources 

refer to man hours, equipment, and money, to name a few. Very importantly, it includes 

the quality and potential of staff; those are things that company balance sheets fail to 

mention. Churchman (1968:36) suggests a management information system that includes 

all there is to know about a specific system as well as lost opportunities. Attention should 

be on current resources and on the growth of resources in the future, whether it be training 

of staff members, research and development, and even political activities that could 

increase the budget and investment potential (Churchman, 1968:39). In the classroom, 

student assistants, lecturers, supplemental instruction, computer labs and internet 

connectivity could form part of the resources of the system. 

3.2.3.4 The system’s components 

System components are also known as parts or subsystems (Churchman, 1968:40). 

Obvious components might not be the real components of a system. For instance, in a 

company with a production and sales department, the production might be seen as part 

of sales because the production has a substantial influence on the way products are sold 

instead of two completely separate independent departments (Churchman, 1968:40). The 
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management scientist ignores the existing divisions of obvious components and sticks to 

the basic activities, also referred to as jobs or missions, which refer to the basic tasks a 

system should perform (Churchman, 1968:40). The management scientist has to look 

deeper to identify the real components. For example, if a university has general missions 

of a good throughput rate, obvious components might be well-trained staff and quality of 

courses, while less obvious components might include motivated students, well-equipped 

venues for teaching, motivated staff etc. The management scientist prefers the word 

missions because he wants to calculate an activity’s worth for the whole system, and 

therefore determine which activities are better than others. The management scientist is 

anti-political and he states that many state and federal governments are not systems 

because they do not have rational plans in place for their components and their operations 

(Churchman, 1968:43). The true goal of component thinking is to reveal the missions 

whose measures of performance are in line with those of the whole system. 

3.2.3.5 The system’s management 

Lastly, the management takes on the task of setting goals for each component, allocates 

resources where needed, and takes control of the system’s performance 

(Churchman, 1968:40). The management scientist did all the planning and now there is a 

management component. Management generates the plans for the system and also 

ensures the execution thereof with the original ideas in mind, which Churchman (1968:44) 

calls control. The control includes monitoring of whether the plans generated are indeed 

executed as intended, but also a constant evaluation of the objectives, components and 

measures of performance that could lead to a change of plans. The control component of 

the management is to be thought of as a steersman of a ship, as stated by Norbert Wiener 

(Churchman, 1968:45). The nature of this study is reflective through the action research 

process. Continuous monitoring of the progress made ensures a level of control that will 

allow for desirable changes.  
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3.2.4 Systems and systems thinking: Checkland’s contribution 

Checkland (2012:466; 1997:667) identifies adaptive whole as a core concept throughout 

disciplines in systems thinking. An adaptive whole can adapt to environment changes 

within limits. Figure 3.2 shows the system and its environment, which endures shocks from 

the environment, and it can only adapt through communication and control processes, 

structures in layers, and emergent properties (Checkland & Poulter, 2006:7). 

 

Figure 3.2: The core systems concept: An adaptive whole, adapted from 
Checkland and Poulter (2006:7) 
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Checkland (2012:466) refers to these key concepts as two pairs of ideas; the pairs being 

emergence and hierarchy, and communication and control, which will be discussed next. 

3.2.4.1 Hierarchy and emergence 

An all-encompassing term describing the concept for systems, organised complexity, is 

given by Checkland (1981:78). There are different levels of organisation, and therefore a 

hierarchy of levels, where each level is more complex than the previous one, containing 

emergent properties that do not exist at the previous level (Checkland, 1981:78). Any 

system will form part of another system and can contain sub-systems within, also referred 

to as the hierarchy. 

3.2.4.2 Communication and control 

Hierarchies make use of control processes between the different levels 

(Checkland, 1981:81). Processes of communication are of the essence in order to make 

a decision to adapt or not (Checkland, 2012:466; 1981:83; Flood, 2010:270). Control 

processes will manage changes within the system, which will respond to environmental 

changes and other failures in the system (Checkland, 2012:466; 1981:92; 

Flood, 2010:270). 

Checkland’s main contribution to the field was the development and widespread 

implementation of the soft systems methodology, based on his classification of hard and 

soft systems thinking (§ 3.3). 

3.2.5 Totality of conditioned realities: Ulrich’s contribution 

Werner Ulrich completed his PhD work in CST (discussed later in the chapter) under the 

supervision of C West Churchman (§ 3.3.1.4). Ulrich is well known for developing critical 

systems heuristics, a methodology for practising systems thinking. In this study, Ulrich’s 

focus on the work of Immanuel Kant in terms of systems thinking is most helpful in 

understanding the phenomenon under investigation: learning to program. 

Ulrich (1983:190) explains how a system is viewed as a totality of conditioned realities 
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from a Kantian perspective. This section firstly explores the meaning of conditioned 

realities and then the totality thereof. 

3.2.5.1 Conditioned realities 

Immanuel Kant was a German philosopher who delivered phenomenal work in Critique of 

pure reason, and became well known after publication. Kant says that the knowledge 

people possess, regardless of an experience, is referred to as a priori (“prior to”) 

(Ulrich, 1983:190), and it is different to empirical knowledge, which is referred to as a 

posteriori (Kant, 1998:136)2. A posteriori refers to knowledge obtained through experience. 

Kant says that knowledge is absolutely pure only when no experiences or sensations are 

present (Kant, 1998:173). Kant therefore uses the term “pure” as synonym for being 

absolutely a priori or solely derived from reason (Ulrich, 1983:190). Pure reason is thinking 

about something absolutely a priori (Kant, 1998:132). Kant refers to a priori cognition 

about objects as transcendental (Kant, 1998:149). Kant says that a concept is either 

empirical, which is derived from experience, or it is pure, coming directly from 

understanding. Therefore, a colour such as red is an idea, or a concept of reason, because 

it is not a concept of understanding (Kant, 1998:399). David Hume argued that knowledge 

is either synthetic or analytic.  

Synthetic, which is non-trivial, contingent and derived of experience, tells us something 

about the world (Kant, 1998:190). Synthetic knowledge adds predicate terms to subject 

terms, for example the bus is red. Predicate terms such as the colour of the bus add new 

information about the subject term, which is the bus (Kant, 1998:190).  

Analytic knowledge refers to a priori, independent of prior experience, universal and trivial. 

In analytic propositions, no new information is added to the subject term. For example, a 

square has four sides – this proposition’s truth can be determined without any sensory 

                                                
2 The reference to Immanuel Kant’s work refers to a translation by Paul Guyer & Allen W Wood in 

1998 on Kant’s original work (Kant, 1781), which was written in German,. 
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experience whatsoever, because the concept is a priori – all squares have four sides 

(Kant, 1998:190).   

Kant furthermore lists categories of the mind, original pure concepts of synthesis that are 

present in understanding a priori (Kant, 1998:213), namely of quantity, of quality, of 

relation and of modality (Kant, 1998:212). In simpler terms, he implies that everyone has 

structures that determine how one gains knowledge and looks at experiences. The way 

we think and cognise about objects in the world is determined by how one perceives the 

object governed by the categories of the mind, and not how the object truly is within itself. 

Kant says that “we can have cognition of no object as a thing in itself, but only insofar as 

it is an object of sensible intuition, i.e. as an appearance; from which follows the limitation 

of all even possible speculative cognition of reason to mere objects of experience” 

(Kant, 1998:115).  

Space and time are representations (Kant, 1998:162), as Kant refers to them; and it is 

how we make sense of the world, and our knowledge of space and time arises with 

experience and not from experience (Kant, 1998:136). Space and time exist in our 

representations of the world, and not in the world (Kant, 1998:426). Space and time are a 

priori intuitions – therefore, they are forms of experience and not from experience 

(Kant, 1998:162). They are necessary intuitions for experiences to take place. The world 

in-itself exists independently, free from our conceptual framework of it (Kant, 1998:162). 

We cannot know reality in itself (noumenal world), we can only know reality as we 

constitute it in our minds (phenomenal world) (Kant, 1998:369).  

Transcendental idealism is a doctrine that states that all intuitions takes place in time or 

space and that we view objects not as they are in themselves, but how they appear to be 

based on our cognitions thereof which is influenced by the categories of the mind 

(Kant, 1998:511). This idea is referred to as an individual’s conditioned reality and is 

a key concept in this study. Time and space are representations in the mind that cannot 

exist in the world on its own (Kant, 1998:511).  
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Kant (1998:117) does arrive at a point where three unavoidable problems of reason, 

namely the existence of the World (cosmological), freedom and immortality of man 

(psychological) and God (theological) come to light (Ulrich, 1983:259). Time and space 

are necessary conditions for experiences to take place (Kant, 1998:227), but when it 

comes to the World, freedom and the immortal soul and God, it simply cannot apply as 

God “is no object of the senses” (Kant, 1998:171). Kant (1998:677) formulates three 

questions that he describes as the interest for reason or the quest for knowledge, namely: 

1. What can I know? 

2. What ought I to do? 

3. What may I hope? 

He continues to describe the first question as speculative, the second as practical and the 

last as both practical and theoretical in order to answer “If I do what I should, what may I 

then hope?” Hope is concerned with happiness (Kant, 1998:677). Ulrich (1983:259) is of 

the opinion that these three questions are intriguingly parallel to the unavoidable problems 

of transcendent reality, i.e. cosmological, psychological and theological ideas. 

3.2.5.2 The totality of conditioned realities 

Ulrich states that Kant’s use of the word World actually implies a “Whole system” and that 

Kant’s repeated use of the word “Unity” or “Totality” (Ulrich, 1983:222) directly translates 

to the systems idea. The systems idea strives towards the ideal of comprehensiveness 

(Ulrich, 1983:262). Kant argues that reason seeks to form the connections (position and 

relation) between parts to achieve systemisation or a whole of knowledge with the principle 

of reason. This unity in knowledge gained translates to a system (Ulrich, 1983:223).  

People view phenomena based on their own prior experience and therefore each person’s 

view is conditioned (Kant, 1998:112). The number of conditioned views of each 

phenomenon is endless, according to Kant (1998:520), and makes it impossible to 

understand all conditioned viewpoints; however, the more we try to understand and 

interpret the different conditioned views, the clearer the phenomenon will become.  



 

63 | C h a p t e r  3 :   C r i t i c a l  s y s t e m s  t h i n k i n g  m e t h o d o l o g i e s  
 

In the previous section, the concept of conditioned reality was highlighted; here, we focus 

on the extension thereof in terms of the totality thereof. The systems idea, from a Kantian 

perspective, is the “problematic but unavoidable notion of totality of relevant conditions – 

a totality we cannot possibly know, although we can and must nevertheless think it” 

(Ulrich, 1983:295). This implies that individuals view a phenomenon in terms of their 

perspectives (conditioned realities) and that understanding is enhanced by knowing more 

conditioned realities. However, one can never achieve understanding of all possible 

conditioned realities.  

In this study, it is accepted that the phenomenon of learning to program cannot be fully 

understood, but in an effort to achieve individual emancipation of the programming 

students, as many conditioned views as possible need to be investigated.   

Kant’s work influenced many researchers and thinkers in the years that followed. In 

particular, Kant’s critique of pure reason is evident in Piaget’s well-known contribution to 

epistemology, namely constructivism (Jardine, 1992:28; Piaget, 2013:67; 

Von Glasersfeld, 1991:4). 

3.2.6 Systems thinking terminology 

In summary, some general concepts and terminology of systems thinking include: 

(1) Interdependencies, relations, openness, inter-connectedness 

In contrast with reductionism, systems thinking states that the world is a system 

existing of different parts, and the interrelatedness between these parts is important 

to understand the world as a whole (Mulej et al., 2004:54). Flood (2010:269) 

describes these terms as attributes of the biosphere. Openness refers to the 

environment (Gharajedaghi, 2011):30. 

(2) Complexity 

Complexity is an attribute of reality. Complexity arises as a result of interrelatedness 

and interdependence (Mulej et al., 2004:54). There are two types of complexity: 
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complexity of detail and dynamic complexity. The first one is referred to when a 

system consists of many different parts such as a jig-saw puzzle. The latter refers 

to parts that can hold different states at any given point, and therefore each state of 

a particular part influences the rest, for example a project team consisting of team 

members and each team member’s mood is prone to change from time to time 

(Mulej et al., 2004:55).  

(3) Attractors 

Attractors have everything to do with relationships and oppose the notion of nature’s 

existence in isolation (O'connor & Mcdermott, 1997:13). 

(4) Emergence 

Two fundamental concepts of systems thinking are interrelatedness and emergence 

(Gharajedaghi, 2011; Mulej et al., 2004:55). Emergent properties come to light when 

looking at the system as a whole, and not by looking at individual parts, for example 

the well-known phrase “The whole is greater than the sum of its parts”, or as referred 

to by Flood (2010:269) and O'Connor and Mcdermott (1997:6) as a complex whole 

of related parts. According to Cabrera et al. (2008:301), new attributes emerge 

because of attractors because of complexities and interdependencies existing 

between the parts of a system. 

(5) Synergy, system, synthesis 

Synergy is a result of emerging new attributes that are, in turn, caused by the 

relations, influence and interdependencies between parts as whole (Mulej et al., 

2004:55).  

(6) Whole, holism, big picture 

Systems concepts promote multidisciplinary practice and commit to viewing the 

world or problem situations as wholes that have emergent properties that are also 

known as holism (Mulej et al., 2004:55). In the book, The Systems Approach, 
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Jackson (2001:234) describes the systems approach, and it is evident that it is 

completely based on holism and the “big picture”. 

(7) Networking, interaction, interplay 

These terms represent some of the core ideas of holism that oppose isolation in 

cognition and action (Churchman, 1968:1-65). 

3.2.7 Systems within this study 

To conclude this discussion on systems, we align the position of this study with the ideas 

of Kant – a system is the totality of conditions of a conditioned reality (Kant, 1998:400). 

We can only know reality as we constitute it in our minds (phenomenal world) 

(Kant, 1998:369). Reason is conditioned, just as experience is always conditioned 

(Kant, 1998:402).  

3.3 Schools of thought within systems thinking  

As part of the adoption of systems thinking in various disciplines, different schools of 

thought have been developed (Mulej et al., 2004:55). Checkland (1985) first distinguished 

between “hard” and “soft” systems thinking and later Jackson introduced CST. Although 

this study applies the ideas of CST, hard- and soft systems thinking is also discussed to 

provide the contextual development of CST. 

3.3.1 Hard systems thinking 

In hard systems thinking, also known as systems engineering (SE), the world is thought 

of as different interacting systems that can be engineered to perform better 

(Checkland, 2000:17; Checkland & Poulter, 2006:21). From this viewpoint, as seen in 

Figure 3.3, a system is thought of as something that exists in the world, which can be 

engineered (Checkland & Poulter, 2006:18). 
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Figure 3.3: The ‘hard’ system stance, adapted from 
Checkland and Poulter (2006:21)3 

Hard systems thinkers try to solve social problems with an engineering approach 

(Goede, 2012:98) . The basic elements that form the system are easily identified and also 

describes the functionality of the system. A model representing the system is thought of 

as the true representation of the world (Goede, 2012:99). Checkland (1997:669) defines 

hard systems thinking as it is known today as “a systematic approach to achieving defined 

objectives”. Goal seeking was the natural answer to the question “What can be engineered 

in human systems?” in the 1950s (Checkland, 1985:759). The Bell Telephone Company 

developed the SE approach where a system is named, objectives were defined and 

certain techniques were applied to engineer the system to finally meet the system’s 

objectives (Checkland & Poulter, 2006:18). These viewpoints are similar to those of the 

RAND Corporation’s systems analysis, operational research and the early computer 

systems analysis (Checkland & Poulter, 2006:21).  

Essential elements in the approach of RAND and similar SE systems are 

(Checkland, 1981:137): 

• (An) objective/s we desire to accomplish. 

                                                
3 Checkland & Poulter intended for their ‘rich pictures’ to be displayed as is. Therefore, they have not been 

altered to fit into the format of the other images in this dissertation. 
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• Alternative techniques by which the objective may be accomplished. 

• (A) mathematical model/s – the set of equations indicating the interdependence of the 

objectives, the techniques, the environment and resources. 

• A criterion, considering objectives, costs and/or resources to choose a preferred or 

optimal alternative. 

Typical RAND systems strive to look at problems, within context, as a whole, considering 

choices to be made by comparing all the possible outcomes. There needs to be a 

systematic enquiry into the objectives that were set by the decision-maker as well as the 

criteria for choosing alternatives. Alternatives need to be identified and compared or 

measured according to risk, cost, feasibility and effectiveness (Checkland, 1981:137). SE 

was successful in aiding in the decision-making process by formulating objectives to be 

reached and choosing the best suited alternative in order to reach the known objective 

(Checkland, 1981:141). 

Jackson (2007:136) and Checkland and Poulter (2006:21) differ in their views of hard 

systems thinking. Jackson describes hard systems thinking almost as a type of system, a 

unitary robot/machine engineering type system that is well defined, and ‘softer’ problems, 

not so well defined. Checkland and Poulter (2006:21) do not distinguish between types, 

but rather between the observers. If we look at Figure 3.2 and Figure 3.3, it is a different 

observer looking at the world; the one sees clear-cut systems (hard) and the other a more 

complex messy view of the world (soft). The main problem with a hard systems view is 

that the observer views the world in a mechanistic fashion, not taking conflicting 

worldviews into account at all (Checkland & Poulter, 2006:21). In 1985, 

Checkland (1985:759) suggests that relationship maintaining is adopted rather than goal 

seeking, because goal seeking had a disadvantage of objectives constantly changing. 

This is why soft systems were developed, and are discussed later (§ 3.3.3).  
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3.3.2 Hard systems thinking in systems development and the education thereof 

The hard systems thinking stance has had a substantial influence on the development of 

information systems (IS) (Goede, 2012:99). In the pre-methodology era, the core focus 

was on information systems development (ISD). ISD focused only on programming and 

the technicalities thereof, and as a result, developing a computer application without 

consideration for the users, which led to applications that did not meet the needs or 

standards of the end-user (Aveson & Fitzgerald, 2006:2).  

The waterfall method was developed as a result of the lack of end-user consideration 

(Aveson & Fitzgerald, 2006:3). The waterfall method forms part of, and is known as a 

traditional systems development approach (Leau et al., 2012:162). Problems are dealt 

with by dividing it into smaller sub-sets in a hierarchy formation (Goede, 2012:99). The 

waterfall method for SE forms part of hard systems thinking because it views the system 

as an objective approach that will deliver an objective system that will be effective and 

testable (Goede, 2012:99).  

The software development lifecycle (SDLC) for traditional IS involves setting up 

requirements (well-defined goals) and a timeframe for the project, design and architectural 

planning in the form of models and diagrams, and development, until goals are reached, 

and finally testing, which is often integrated into the previous step (Leau et al., 2012:162). 

This also means that implementing change during the development lifecycle can prove to 

be somewhat problematic (Leau et al., 2012:163).  

Techniques such as structured programming and structured design are typical examples 

of hard systems thinking approaches to problem-solving in IS (Goede, 2012:99). Entity 

relationship diagrams that are used as part of design methods form part of hard systems 

thinking approaches that are still used in programming and the education thereof 

(Goede, 2012:99).  

In the programming classroom, in the process of teaching systems development, a 

problem is approached in a technical manner not considering the environment 

(Goede, 2012:99), and when the lowest level of the system hierarchy (waterfall) can be 
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solved, the problem is solved. A typical programming instruction in a hard systems thinking 

approach would be: “Here is an array with ten numbers, calculate the highest number in 

the array”. The focus is technical and on well-defined problems. 

3.3.3 Soft systems 

Soft systems thinkers view the world as problematic and complex and the word system 

does not refer to the world, but rather to the inquiry process into the world, as depicted in 

Figure 3.4 (Checkland, 2000:17).  

 

Figure 3.4: The ‘soft’ systems stance, adapted from Checkland and Poulter 
(2006:21)4 

Goal seeking is not adequate for dealing with models that are arguing about the world 

(and not of the world, hard systems thinking), and just as optimising is rather replaced by 

learning, issues and accommodations are sought after rather than solutions 

(Checkland, 1985:765). The soft systems approach is holistic in nature because the 

system is not defined by the lowest level of a system hierarchy (Goede, 2012:99). The 

                                                
4 Checkland & Poulter intended for their ‘rich pictures’ to be displayed as is. Therefore, they have not been 
altered to fit into the format of the other images in this dissertation. 
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components of the system do not define the system, but rather the emergent properties 

of the system (Goede, 2012:99).  

Soft systems thinking, as a thinking framework, is interpretive in nature and feeds off 

systems thinking ideas such as meaning construction and the assumption that the world 

is systemic (Checkland, 1997:669; Flood, 2010:276). Soft systems thinking is a form of 

systems thinking where social reality is constructed by people’s views and experiences 

(Flood, 2010:276).  

Soft systems methodology (SSM) is a system that learns about the system/problematic 

situation, and plans certain actions to improve (Checkland, 2012:468). Problematic 

situations is the preferred term in SSM, because it might not be a well-defined problem 

that can easily be solved (Checkland & Poulter, 2006:1). SSM also recognises that any 

problematic situation is complex with different world views and assumptions always 

present.  

The SSM cycle entails the following: 

• Enquiry into the perceived problematic situation; 

• Creating purposeful activity models based on a pure world view, relevant to the 

problematic situation; 

• Utilising the models as a questioning tool to spark a discussion about the situation. 

The discussion’s main focus is to identify changes that will both improve the situation 

and be culturally feasible in the situation; 

• Define/take the action needed for improvement of the situation. 

Essentially, SSM provides principles for the improvement of problematic situations through 

action taking, and these principles can be adapted to fit the specific situation 

(Checkland & Poulter, 2006:6). 
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3.3.4 Soft systems thinking in systems development and the education thereof 

SSM highlights the difference between information technology and information systems. 

Information technology forms part of the necessary tools for the successful implementation 

of an information system. The information system is a core feature of the business strategy 

(Goede, 2012:127). Data is processed and transforms into information within a problem-

specific context.  

Information systems aim to solve real-world problems within the context of the 

environment. It will therefore be necessary to gain insight into the worldviews of people 

included in the problematic situation, which is one of the criticisms of the traditional 

systems development approaches (Aveson & Fitzgerald, 2006:3). Action that is sensible 

and purposeful should be considered, and thereafter an activity system that includes 

information flows is constructed. Data structures to deal with the information flow are 

constructed, and finally, an information system is designed (Goede, 2012:127). This 

process, better known as agile software development, focuses on improving the IS using 

the SDLC in an iterative and incremental development process involving the customers in 

continuous feedback (Leau et al., 2012:163).  

The contrast between traditional and agile methodologies lies with the requirement 

gathering. Requirements would normally be gathered in a meeting before the system is 

developed when stakeholders might not know which features they would prefer to be 

included in the traditional waterfall approach. In contrast, with agile methodologies, 

requirements are gathered as the project progresses through frequent releases of the 

system (Leau et al., 2012:163). From a soft systems thinking perspective, the success of 

a system can be measured in terms of user satisfaction rather than requirements that are 

met (Goede, 2012:99). 

In the programming classroom, while learning to develop systems, certain outcomes still 

need to be reached, and therefore activities still need some guidance in accordance with 

which constructs to use. A typical instruction to students in the programming classroom 

could be: “The marks of students are captured in a computer system. The lecturer is 
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interested in finding the top mark. In order to reach the desired outcome, you need to use 

an array to find the highest number”. The learner should make sense of real-world 

problems by developing a real-world solution. 

3.3.5 Critical systems thinking (CST) 

CST was developed because of the limitations caused by hard systems thinking as well 

as soft systems thinking (Jackson, 2001:236). Soft systems thinking’s assumptions are 

subjective, and therefore limit the soft systems practitioner to intervene 

(Jackson, 2001:236). Furthermore, hard and soft systems thinking has a limited area of 

application, particularly in situations of conflict or unequal access to power 

(Jackson, 2001:236).  

As any flaws in a certain paradigm or methodology spark dissatisfaction, they also more 

importantly create the opportunity for a new paradigm or methodology to come into 

existence. Because SSM did not focus enough on debate and knowledge power within a 

debate, CST emerged in the 1980s. CST is very diverse (Flood, 2010:279) in its methods 

and some main ideas came from systems thinking and social theory (Jackson, 2001:233). 

The core ideas from CST include system, relationship, element, input, output, 

environment, boundary, transformation, emergence and feedback (Jackson, 2001:234). 

The social sciences also contributed a few ideas, including the recognition that inequalities 

exist in capitalist societies, enabling the criticism of assumptions that are made by system 

approaches about the social sciences and the work of Foucault and Lyotard questioning 

the systematising concept and its lawfulness. Therefore, CST makes use of the best 

qualities of both social theory and systems thinking. Theoretically, social theory is strong, 

constituting thinking about the taken-for-granted assumptions, and falls short in practice. 

Jackson (2001:234) argues that systems thinking is strong in practice, but neglects the 

epistemological and ontological assumptions, and therefore the combination of social 

theory and systems thinking is a complimentary combination that forms CST. 

CST has embraced four elements (Jackson, 2001:236): 
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1. Criticism on other systems approaches 

As discussed earlier, hard systems thinking has its limitations, as does the soft 

systems thinking methodology, which Jackson (2001:236) argues falls within the 

interpretivist paradigm, according to Burrell and Morgan’s framework. This limits the 

soft systems thinking practitioner to intervene as intended.  

2. The need for a systems approach that realises coercive contexts 

Coercive contexts are those situations where little or no shared common interests 

among stakeholders and many of conflict are present. In these difficult situations, 

where the only way to reach a consensus is to exercise power, created a need for a 

critical approach that looks at emancipation and the ethics thereof.  

3. Reconstructing systems thinking upon pluralist foundations 

With this element, it is seen as sensible to use a combination of different system 

approaches to address problems according to the specific situation. The main idea is 

to utilise the strengths of different system approaches. 

4. Creating a meta-methodology called total systems intervention (TSI) 

TSI not only provides guidelines for using critical systems in practice, but also valuable 

criticism on strengths and weaknesses of different systems approaches. In TSI, a 

combination of methodologies of different paradigms could be used in the same 

problem situation, if necessary. 

The most profound attempt at the development of a methodology for CST is total systems 

intervention (TSI) by Flood and Jackson, which later separately developed into local 

systemic intervention (LSI) by Flood, and critical systems practice (CSP) by Jackson. 

Ulrich developed critical systems heuristics (CSH) independently from Flood and Jackson 

during the same time period. Although the work of Ulrich is most applicable in this study, 

TSI and its developments provide insight into CST in general as applied in this study. 
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3.3.5.1 Total systems intervention 

Total systems intervention (TSI) is a problem-solving technique, fundamentally based in 

CST, which falls within the systems thinking paradigm developed by Flood and Jackson 

(Flood, 1995:174). TSI makes it stand on three areas, namely complementarism, 

sociological awareness and promoting the well-being of humans and emancipation 

(Flood & Jackson, 1991:180).  

Two other commitments that are more theoretical are critical awareness and pluralism at 

a theoretical level. TSI lets the problem solver choose appropriate methods 

(methodologies) to solve the problem. Extensive knowledge is needed on the methods to 

choose the most appropriate one based on the strengths and weaknesses of each 

(Flood, 1995:174). TSI can be explored based on three categories, namely philosophy, 

principles and process (Flood, 1995:176).  

Philosophy: 

The philosophy determines the way one perceives the world from a TSI perspective. A 

system is viewed as systemic within a TSI perspective. A system consists of parts 

(horizontal) which is a subsystem of another larger system (vertical). An organization is 

integrated vertically and horizontally. The interaction between these levels (vertical and 

horizontal) brings forth a phenomenon known as emergence, which means that the results 

of the interaction are more valuable than the levels and activities on their own. The system 

has five stages of construction (Flood, 1995:176): 

• A system or organisation has technical and human activities; 

• Activities of a system/organisation must be controlled efficiently and effectively; 

• Activities of a system should aim to achieve a purpose; 

• It should be noted that people value the first three points differently; and 
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• People’s different views and needs should be balanced carefully with the 

system/organisational needs through good management. 

TSI views problem-solving as the management of interacting issues.  

Principles: 

The principles of TSI represent actions that should be taken. The four principles are being 

systemic, achieving meaningful participation, being reflective, and striving for human 

freedom: 

• The first principle is to view the world as systemic, thereby taking the whole into 

account. The whole is also part of a greater whole and the system comprises the 

following parts: the system, the subsystem, the supra-system; 

• The second principle, meaningful participation, focuses on making known perceptions 

of all people involved. Effective management can only occur when all views are known; 

• The third principle, reflection, is all about surfacing all issues, and then the reflective 

need to ensure that issues are dealt with using necessary methods; and 

• The last principle is to gain freedom for all through reflection, which, in turn, helps 

achieve meaningful participation, and promotes being systemic; therefore, taking into 

account the whole (Flood, 1995:177).  

Process: 

The process provides a way of implementation. There are three phases, i.e. creativity, 

choice and implementation, which are iterative in nature.  

• The creativity phase has to surface any issues that have to be dealt with and 

demonstrates the interactive nature of the issues; 

• Details about issues are received in the choice phase and the most suitable methods 

are chosen to deal with the listed issues (Goede, 2012:179); and 
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• The implementation phase implements the chosen methods from the choice phase. 

The outcome is again passed to the creativity phase. The creativity phase should again 

raise issues and state the interactivity between the issues (Goede, 2012:179). 

TSI’s strengths, as given by Jackson (2003:298), are enabling maximum creativity in the 

problem analysis, evaluating the usefulness of different management and systems 

approaches, steering away from a “one best way” approach to a variety of problem-solving 

properties, and improving practice through critical self-reflection. 

There are also some weaknesses, since TSI requires the use of a whole methodology, 

thereby meaning that when a methodology was chosen as dominant, you would need to 

stick with its methods. The main critique here is a lack of flexibility. Other critiques include 

the lack of attention to the process of using TSI, the creativity and choice phases leave 

much to be desired, and multimethodological competence is a substantial task for 

practitioners (Jackson, 2003:296). In terms of human emancipation, TSI seeks 

improvement, but does not take environmental issues into account (Jackson, 2003:296). 

After critique was received, Flood revised TSI and developed LSI (local systemic 

intervention), and Jackson developed a meta-methodology called critical systems practice 

(CSP).  

3.3.5.2 Local systemic intervention  

LSI is a complementarist approach that looks at the relevance of designs by looking at 

three types of discourse, namely how, what and why. The how encourages diversity 

through local decision-making, what looks at the consideredness of decisions, and why, 

at the astuteness of judgements made about designs and decisions (Flood, 2001:246). 

Flood (2001:246) views LSI as follows: “The aim of LSI, as I see it, primarily is to put in 

place a system of thought for action by exploring the three centres of learning just 

mentioned that allow practitioners to recognise and account for the responses that they 

might make when addressing problematic situations.” 
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The four principles for LSI include (Flood, 2001:250): 

• Being systemic; 

• Achieving meaningful participation; 

• Being reflective; and 

• Enhancing human freedom. 

LSI is a process of creativity, choice and implementation (Flood, 2001:251). The process 

of LSI can be seen as a process of critique and problem-solving, possibly following the 

modes of critique, namely critical review mode, problem-solving mode, and critical 

reflection mode (Flood, 2001:251).  

• Critical review mode 

In order for LSI to overcome some of the critique of TSI, LSI has to include a variety 

of methodologies and models. In order to achieve this, the models and methodologies 

have to be critically reviewed with the aim of incorporating it in the systems approach 

in the problem-solving mode (Flood, 2001:251). The assumption is made that each 

model or methodology has forms of creativity, choice and implementation 

(Flood, 2001:252).  

• Problem-solving mode 

Problem-solving is a response to problematic situations (Flood, 2001:252). It is a 

process that caters for the choice of an action being either a how-type, what-type or 

why-type. The three phases in problem-solving in LSI include creativity, choice and 

implementation, and all these activities are combined to form a cycle of problem-

solving (Flood, 2001:252). This phase is a continuous cycle of creative thinking and 

planning action for core issues. 

• Critical reflection mode 
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In this mode, the problem-solving mode is under question. The following questions are 

asked (Flood, 2001:255): 

• Are the methodologies and models suitable in terms of LSI? 

• Are the outputs of the methodologies and models appropriate? 

LSI is a direct result from an application of TSI. The framework of ideas and the 

methodology of TSI have been amended to form LSI. The core differences between 

TSI and LSI include the introduction of three modes and a recursive process. It also 

provides guidelines for the assessment of action options by practitioners, and also 

promotes diversity through a system of thought (Flood, 2001:256).  

3.3.5.3 Critical systems practice 

Jackson revised TSI in 2003 based on critique received on TSI and created critical 

systems practice (CSP). CSP focuses on three main areas, namely (Jackson, 2003:303): 

• Critical awareness 

Critical awareness means that the researcher should critique the theoretical 

underpinnings, strengths and weaknesses of various systems methods. It also means 

that the social climate should be taken into consideration (Jackson, 2003:303). 

• Improvement 

Improvement is the preferred term over human emancipation, as it rather focuses on 

circumstances where someone can reach their potential (Jackson, 2003:303).  

• Pluralism 

Pluralism refers to the use of various theories and methodologies. 

CSP aims to protect the diversity of paradigms and keep the focus on paradigms rather 

than methodologies like TSI did. CSP acknowledges different paradigms and 
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methodologies, and urges the researcher to emphasise the differences between them, 

but states to focus on or favour one paradigm over the others when confusion sets in 

(Jackson, 2003:323). CSP encourages the researcher to gain an understanding of the 

paradigm that the methodology lies in, before choosing the methodology (Venter & 

Goede, 2018:5). CSP narrows the paradigms down to four, namely functionalist, 

interpretative, emancipatory and post-modern paradigms (Jackson, 2003:303). A 

difference between CSP and TSI is that CSP focuses on improvement rather than 

emancipation. CSP kept the three phases of TSI (creativity, choice and 

implementation), adding a fourth phase, reflection, which is necessary to allow for 

multimethod use in a more flexible way (Jackson, 2003:303). CSP is summarised in 

Table 3.1. 

Table 3.1: The CSP metamethodology (Jackson, 2003:312) 

Creativity 
Task To highlight significant concerns, issues and problems. 

Tools Creativity-enhancing devices employed to ensure that the perspectives of the 
four paradigms receive proper attention. 

Outcome Dominant and dependent concerns, issues and problems. 

Choice 

Task To choose a generic systems methodology or methodologies and a variety of 
suitable methods, models and techniques. 

Tools Methods to reveal the strengths and weaknesses of methodologies, methods, 
tools and techniques including paradigm analysis, previous experience etc. 

Outcome Dominant and dependent generic systems methodologies and appropriate 
methods etc. chosen for use. 

Implementation 
Task To arrive at and implement specific positive change proposals.  

Tools Generic systems methodologies and appropriate methods etc. employed 
according to the logic of CSP. 

Outcome Highly relevant co-ordinated change, which secures significant improvement in 
the problem situation according to the concerns of the different paradigms. 

Reflection 

Task To produce learning about the problem situation, the metamethodology itself, the 
generic systems methodologies and the methods, etc. used. 
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Table 3.1: The CSP metamethodology (Jackson, 2003:312) (continued) 

Reflection (continued) 
Tools Clear understanding of the current state of understanding about these. 

Outcome Research findings that, for example, feed back into improving earlier stages of 
the metamethodology. 

 

In terms of this study, the view of Jackson (2003:303) on emancipation as developing the 

potential of an individual based on his/her immediate context is supported and 

implemented and further explored in the following section. 

3.3.5.4 Critical system heuristics 

As discussed (§ 3.2.5), Werner Ulrich is a critical theorist who established critical systems 

heuristics (CSH) in 1983, and who incorporates Kantian ideas in systems thinking. Ulrich 

(1983:19) developed a conceptual framework for rational social planning, called critical 

systems heuristics. CSH is a framework for reflective practice (Ulrich & Reynolds, 

2010:251).  

Three terms that are commonly used in CSH to refer to different levels of proximity to 

reality are (Ulrich & Reynolds, 2010:251): 

• Maps: Assume close proximity to reality such as road maps; it cannot be taken for 

reality itself, but makes explicit its underlying assumptions (e.g. coordinates and 

scale); 

• Designs: These are a bit further from reality and rather point to how the real world 

might or ought to be. Designs include a critical look at the present but also visions of 

the future to be able to view and imagine alternate futures; and 

• Models: These are “heuristic devices for engaging with reality in terms of mapping or 

design”. A model highlights the abstraction from reality. A model can also be a method 

used to create maps and designs, and that is why CSH can also be seen as a model. 
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The name critical systems heuristics was chosen because it highlights the three main 

characteristics of this framework, namely critical, systems and heuristics, as given by Kant 

(Ulrich, 1983:19). He continues to explain each of the terms as follows: 

Critical 

The word critical implies that a person judges in such a way that they focus on not making 

mistakes (Ulrich, 1983:19). Kant suggests criticism to be normal and thinks that everything 

should be subjected to criticism (Ulrich, 1983:20). A key term that goes along with critical 

is ‘self-reflective’ – to be self-reflective on influences on your own judgements and beliefs. 

According to the two Kantian terms, Critique of Theoretical Reason and Critique of 

Practical Reason, being truly self-reflective involves transparency in the sense that all 

value assumptions should be brought out in the open, including your own as a researcher, 

instead of playing the ‘objective’ card, which cannot be true as all of us have our own value 

assumptions that influence our judgements (Ulrich, 1983:20). 

All the stakeholders within a system have conditioned realities that form their assumptions. 

A programming lecturer makes assumptions based on his/her conditioned reality about 

students and how they think they understand and experience programming education. 

Students again make assumptions about learning to program based on their conditioned 

reality. Part of this study is to identify assumptions made by the lecturer and students so 

that it can be removed in order for a programming student to develop to his/her full 

potential. This can be achieved through CSH, which is stated clearly by Ulrich (1983:20): 

“If it succeeds in its purpose, Critical Systems Heuristics will provide planners and 

concerned citizens alike with an effective tool of reflection and criticism – reflection on the 

inevitable normative content of all planning. Planning is rational, from the perspective of 

this study, if the involved planners and the affected citizens make transparent to 

themselves and to each other this normative content” (Ulrich, 1983:20). 

In preparation for the systems concept, discussed in the next section, Ulrich’s position is 

provided by the following quotation: “if we take the systems idea seriously for what it is, 

namely, an unavoidable critical idea of reason, we must conclude that our maps and 
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designs are deceptive to the extent that we do not critically reflect on the whole systems 

judgements that inevitably flow into them, i.e., our (reflected or unreflected) prejudgements 

about the relevant totality of conditions that we can never know as much. The fact that we 

never know ‘the whole systems’ does not imply that we should keep the scope of inquiry  

within arbitrary boundaries and treat the environment as a ‘given’ as the incrementalists 

conclude; rather, it implies that we cannot know anything unless we reflect upon ignorance 

of the totality of relevant conditions and the normative content of the boundary judgements 

by which we separate the problem-relevant system from the whole (the 

‘environment’)”(Ulrich, 1983:224).  

System 

Instead of associating the word system with RAND systems analysis, GST or systems 

engineering, the Kantian view of systems moves away from functionalistic systems views 

to a more holistic approach where theoretical and/or practical judgements depend on the 

totality of conditions (Ulrich, 1983:21). A system, within this context, refers to a conceptual 

construct instead of a physical system (Ulrich & Reynolds, 2010:251). In SSM, a system 

is used to learn about reality, whereas CSH questions the perceived problematic situation 

itself in order to help practitioners identify and deal with their own assumptions and views 

(Ulrich & Reynolds, 2010:251). A person constructs his/her own reality, which is influenced 

by his/her our own beliefs, ideas and interests; this is said to be ideological. Each person’s 

reality is different – consider each person looking through an ideological lens 

(Ulrich & Reynolds, 2010:254). The only way to gain a better understanding of a system, 

is to discuss the different lenses people use in the situation (Ulrich & Reynolds, 2010:254). 

Heuristics 

Heuristics is essentially a method to identify and understand assumptions in order to 

remove them. Ulrich (1983:22) mentions four crucial aspects regarding heuristics: 

• Heuristics aids in the discovering process of identifying relevant questions to identify 

the real problem and obtain relevant knowledge. The task is not to provide a complete 

definition of the problem, because this will require a full understanding of the problem 
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itself, the problem-relevant system, as well as the solutions (the totality of relevant 

conditions) (Ulrich, 1983:22). He describes heuristics as “the art of making “the 

problem” the problem” (Ulrich, 1983:22); 

• Heuristics seeks to teach discovering. The actual task of preparing the planners, 

managers, citizens or whoever will need to critically reflect upon problem situations 

and solutions remains a concern (Ulrich, 1983:22); 

• Heuristics seeks to discover deception: “There is no guarantee against deception in 

discovery” (Ulrich, 1983:22). Because it cannot be guaranteed that discovery will 

exclude deception, it has to be assumed that there will be deception and therefore a 

critical reflection by the planner is needed on the sources of deception 

(Ulrich, 1983:22); and 

• A heuristic approach is the opposite of a theoretical one (Ulrich, 1983:23). A critical 

heuristic approach seeks heuristic justification and not theoretical justification 

(Ulrich, 1983:23). 

Key concepts in CSH include the involved and affected, polemical argumentation, witness 

and the boundary critique. 

The involved and affected 

The involved refers to everyone involved in the planning process such as the planner, the 

experts, decision-makers and the witnesses of those to be served (Ulrich, 1983:237). The 

affected refers to the individuals not involved, but who will be affected by the improved 

changes, without having any input into the planning process (Ulrich, 1983:237). 

Polemical argumentation 

A systems planner strives for comprehensiveness and this is associated with reason 

(Ulrich, 1983:301). Comprehensiveness is synonymous with systems, which are 

dependent on quasi-transcendental reflection, also known an critical reflection on sources 

of deception, and therefore the boundary judgements are so important (Ulrich, 1983:301). 
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Part of striving towards comprehensiveness includes quasi-metaphysical reflection, which 

involves subjective reflection about the concerns of the affected living in the social reality 

that is in question (Ulrich, 1983:157). Critical reflection is expected of the systems planner, 

but not from the witness, whereas the witness will deliver quasi-metaphysical reflection 

(Ulrich, 1983:301).  

The witness acts as representative for the affected and needs to expose normative content 

of the expert using quasi-metaphysical reflection rather than quasi-transcendental 

reflection (Ulrich, 1983:301). Ulrich refers to polemical argumentation by affected parties, 

when they voice their concerns in a way that does not conform to the standards of rational 

argumentation. In ideal rational discourse models such as the one developed by 

Habermas, it is assumed or even a prerequisite that the parties involved can deliver a 

cogent argument (Ulrich, 1983:302). Cogent argumentation, also known as rational 

reasoning, requires deductive logic and empirical verification typically done by the expert 

(Ulrich, 1983:302). This is impractical in a discourse where the strongest rational argument 

decides the outcome, since the expert is easily able to make rational arguments and the 

witness has to voice the concerns of the affected with certain or lack of competence 

(Ulrich, 1983:302). This is non-democratic (Ulrich, 1983:302). A better approach would be 

to have criteria that do not rely on any special level of competence, rather solely focused 

on reason (Ulrich, 1983:302). 

Consensus (democratic participation) requires every affected citizen to have influence and 

equal access not dependent on his expertise or ability to reflect in a quasi-transcendental 

fashion (Ulrich, 1983:302). Polemical reasoning is not necessarily logical or based on 

facts, as the affected does not have the language sophistication to voice their concerns. 

The witness represents the affected. “The witness, if only they understand the power of 

the polemical employment of reason, can expose the dogmatic character of the expert’s 

objective necessities through their own subjective arguments, without even having to 

pretend to be objective or to be able to establish a true counterposition against the expert’s 

objective necessity” (Ulrich, 1983:305). This is a non-objectivist approach for rational 

planning, which mediates between rational argumentation (reason) and consensus 

(democratic social practice) (Ulrich, 1983:305). Therefore, polemical argumentation does 
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not have to be based on facts or make sense; the witness delivers polemical arguments 

on behalf of the affected to highlight shortcomings in the expert’s case. The expert has 

the responsibility to justify his claims (Ulrich, 1983:310). Polemical argumentation provides 

a platform for individual emancipation of the affected citizens, and it is the responsibility of 

the expert to ensure representation of the arguments of the affected inside the system. 

even if the affected themselves are not capable thereof (Ulrich, 1983:308). He promotes 

understanding of the underlying meaning behind each viewpoint in order to improve 

understanding of the phenomenon (Ulrich, 1983:308). 

Witness 

A witness is an individual who will represent the affected in order to give them a voice 

(Ulrich, 1983:252). A witness should bear witness and voice concerns of affected 

individuals such as their feelings, concerns, suffering, and their ways of living in the 

contested social reality (Ulrich, 1983:252). A witness translates polemical argumentation, 

presenting the subjective views of the affected, in order to counter the advantage that the 

expert has of knowledge and expertise (Ulrich, 1983:309). 

Figure 3.5 depicts the effect of giving the affected a voice through a witness.  

 

Figure 3.5: Bearing witness for the affected 
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The boundary critique 

Boundary criteria distinguish between what belongs to the system, and what belong to the 

system’s environment (Ulrich, 1983:225). Critique refers to a more critical reflection. The 

core principle of CSH is the boundary critique. Boundary judgements depict which 

empirical observations can be seen as less important, and which as relevant 

(Ulrich, 2005:2). The boundary critique is defined as “a systematic – reflective and 

discursive effort of handling boundary judgements critically, whereby ‘critically’ means 

both self-critical questioning one’s own  claims and ‘thinking for oneself’ before adopting 

the claims of others” (Ulrich & Reynolds, 2010:256). Boundary critique is therefore a 

critical process of identifying the boundaries and the normative claims (made by the 

planner) of the system transparently. Boundary judgements are key to the boundary 

critique process of identifying the involved and affected as well as surfacing assumptions 

in a system (Ulrich, 1983:225). These judgements should be handled critically, which 

leads us to boundary critique.  

The four basic boundary issues given by Ulrich (2005:9) are: 

• Motivation – why is it seen as purposeful? 

• Power – the person or structure that is in control. 

• Knowledge – Is this supported by facts or expertise? 

• Legitimacy – Is it legitimate? 

Ulrich (2005:10) then formulates a set of 12 questions for each boundary issue with the 

aim to make the judgements, which are relied upon to understand situations explicitly 

known for those involved and those affected (Ulrich & Reynolds, 2010:244). Questions 1 

to 9 focus on the involved and the last three questions (10 to12) focus on the affected 

(Ulrich, 1983:252). The core idea behind the 12 questions is to make the planner aware 

of boundary assumptions, and reflect upon those assumptions 

(Ulrich & Reynolds, 2010:254). Churchman refers to this process of unfolding in order to 
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achieve a whole systems view as sweeping in (Ulrich & Reynolds, 2010:256). There are 

two categories, i.e. what the case is, and what it should be (Table 3.2): 

Table 3.2: Checklist for critical systems heuristics boundary questions, 
adapted from Ulrich (2005:11) 

Sources of motivation 

Th
e 

in
vo

lv
ed

 

Who is (ought to be) the client or beneficiary? That is, whose interests are (should be) 
served? 
What is (ought to be) the purpose? That is, what are (should be) the consequences? 
What is (ought to be) the measure of improvement or measure of success? That is, how 
can (should) we determine that the consequences, taken together, constitute an 
improvement? 

Sources of power 
Who is (ought to be) the decision-maker? That is, who is (should be) in a position to 
change the measure of improvement? 
What resources and other conditions of success are (ought to be) controlled by the 
decision-maker? That is, what conditions of success can (should) those involved 
control? 
What conditions of success are (ought to be) part of the decision environment? That is, 
what conditions can (should) the decision-maker not control (e.g. from the viewpoint of 
those not involved)? 

Source of knowledge 

Th
e 

in
vo

lv
ed

 Who is (ought to be) considered a professional or further expert? That is, who is (should 
be) involved as competent provider of experience and expertise? 
What kind expertise is (ought to be) consulted? That is, what counts (should count) as 
relevant knowledge? 
What or who is (ought to be) assumed to be the guarantor of success? That is, where do 
(should) those involved seek some guarantee that improvement will be achieved – for 
example, consensus among experts, the involvement of stakeholders, the experience 
and intuition of those involved, political support? 

Sources of legitimisation 

Th
e 

af
fe

ct
ed

 Who is (ought to be) witness to the interests of those affected but not involved? That is, 
who is (should be) treated as a legitimate stakeholder, and who argues (should argue) 
the case of those stakeholders who cannot speak for themselves, including future 
generations and non-human nature?  
What secures (ought to secure) the emancipation of those affected from the premises 
and promises of those involved? That is, where does (should) legitimacy lie? 
What worldview is (ought to be) determining? That is, what different visions of 
‘improvement’ are (should be) considered, and how are they (should they be) 
reconciled? 
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The planner has the responsibility to ensure transparency of the boundary judgements 

and to surface normative claims striving towards a whole systems view (Ulrich, 1983:227). 

An objective whole systems view is not possible, but the planner should strive towards the 

totality of conditions for the system, trying to understand as many conditioned views as 

possible (Ulrich, 1983:225).   

Although the 12 boundary questions will not be used explicitly in this study, the foundation 

thereof in terms of the Kantian concepts is fundamental in the relationship between the 

researcher and the participants of this study.  

Kantian perspectives 

Ulrich (1983:260) states that there are striking similarities between the three questions 

(What can I know? What ought I to do? What may I hope?) and Kant’s three unavoidable 

problems of reason, and he therefore implies that the three questions translate to the three 

quasi-transcendental ideas. Ulrich's (1983:259) interpretation of the three interest of 

reason questions of Kant is given in Table 3.3. Ulrich (1983:260) states that the systems 

planner always strives towards comprehensiveness, but should also acknowledge that 

comprehensiveness itself is an ideal because every individual has his own conditioned 

view, and even the planner’s interpretation of another individual’s view can be conditioned. 

The systems planner plans to improve, but should realise that there are limitations and 

imperfections in his own planning process (Ulrich, 1983:260). Improvement cannot be 

guaranteed with certainty through planning; therefore, experts and witnesses must be 

included in the planning process, building a mutual understanding between involved and 

affected. Sources of guarantee have the potential to become sources of deception 

(Ulrich, 1983:260). 
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Table 3.3: Ulrich’s interpretation of Kant’s interest for reason 

Interest for reason 
(Kant, 1998:677) Interpretation by Ulrich (1983:260) 

What do I know? 
Used in an attempt to map social reality and comprehend the 
conditioned views acknowledging that comprehensiveness is an 
ideal. 

What ought I to do? 
Striving to design an improved social reality and comprehending 
imperfections in the design. Requires an agent to reflect on the group 
that is affected by his actions. 

“If I do what I ought to 
do, what may I then 
hope?” 

Improvement is not a certain result through planning; therefore, 
experts and witnesses must be included, building a mutual 
understanding between involved and affected. 

 

The three quasi-transcendental ideas are given in Table 3.4. Ulrich (1983:262) suggests 

the use of these critical standards in order to reflect upon sources of deception in the map 

or design. He says that these quasi-transcendental ideas will enrich the system planner’s 

own understanding of his own designs and assist the planner to transcend or go beyond 

his own understanding of the maps bringing potential deceptiveness of the systems-, 

moral- and guarantor idea to the light (Ulrich, 1983:262).  

Table 3.4: The three quasi-transcendental ideas (Ulrich, 1983:262) 

Metaphysical problems Quasi-transcendental ideas Heuristic principles 
Kant Our terms Kant Our terms  

“World” Whole 
Systems 

Unity (or 
totality) of the 
conditions of 
all 
appearances. 

Systems idea 
= ideal of 
comprehensiveness 
(on the side of the 
conditions). 

Look for 
comprehensiveness on 
the side of the 
conditions, and reflect 
on the lack of 
comprehensiveness in 
your maps, as if there 
were a completely 
intelligible whole 
system. 
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Table 3.4: The three quasi-transcendental ideas (Ulrich, 1983:262) 
(continued) 

Metaphysical problems Quasi-transcendental ideas Heuristic principles 
Kant Our terms Kant Our terms  

 “Man” 
Immortal 
soul 
 
Free will 
(+ The 
moral law 
within me) 

Individual  
Future 
generations 
Self-
responsibility 

Unity of the 
thinking (and 
acting) 
subject. 

Moral idea 
= ideal of moral 
perfection of design 
(with respect to the 
total group of those 
affected). 

Design for improvement 
of the human condition, 
and reflect on the moral 
imperfection of your 
designs, as if those 
affected were self-
responsible moral 
beings. 

“God” Guarantee 

Unity of the 
conditions of 
all objects of 
thought in 
general. 

Guarantor idea 
= ideal of securing 
implementation of 
improvement. 

Design for guarantee, 
and reflect on the lack 
of guarantee, as if there 
was a built in guarantor 
design. 

 

Ulrich’s work enables us to listen to our students – even their polemical arguments and to 

investigate their context, also in terms of deceptions, in order to develop an instructional 

design that has the development of their potential at heart. 

3.3.6 Critical systems in systems development and the education thereof 

Hirschheim and Klein (1994:83) are adamant that information systems development 

should include emancipatory features. They argue that a methodology has to consider 

role players’ political differences and provide equal rights and opportunities to role players 

(Goede, 2012:129).  

Hirschheim and Klein (1994:87) list the following conditions for a methodology to be 

considered emancipatory: 

• It must support individual and collective self-determination; 

• It must support critical self-transformation; 



 

91 | C h a p t e r  3 :   C r i t i c a l  s y s t e m s  t h i n k i n g  m e t h o d o l o g i e s  
 

• It must encompass issues associated with social justice, due process and human 

freedom; and 

• It must incorporate critical evaluation of claims made during the systems development 

process. 

Jackson (2003:310) also provides a list of rules, perhaps a more detailed list for 

emancipatory methodologies to adhere to: 

• It is a structured thought process with emancipation in mind, focusing on improving 

real-world problems; 

• Systems ideas, methods, models, tools and techniques are at the core of this 

methodology focusing on intervention strategies; 

• Justification of the use of a systems methodology focusing on emancipation can be 

done using the following guidelines:  

• an assumption is made that oppression of particular groups is possible in a 

systemic world; 

• identification of affected parties should be taken into account when considering 

current systemic arrangements; 

• models are constructed with the purpose of responding to the sources of alienation 

and oppression; 

• models provide a platform allowing participation of all parties to address the 

problem situation; 

• quantitative analysis can be useful in order to voice different perspectives within 

the system; 

• fairness is the focus of the systemic process of intervention; 
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• intervention is carried out in such a way that the oppressed parties take 

responsibility for their own liberation; 

• the implemented changes are evaluated in terms of empowerment and 

emancipation, which were designed to improve the situation of the oppressed 

parties. 

• Since an emancipatory systems methodology can be applied in different problematical 

situations, and is subject to personal interpretation, each application should consider 

the unique circumstances of the current situation; and 

• Research findings and emancipation should be the product of each use of an 

emancipatory systems methodology. Research findings can possibly relate to the 

theoretical framework underlying the methodology; to the methodology; to the 

methods, models, tools and techniques employed; to the real-world problematic 

situation investigated; or to all of these. 

The term emancipation has been under scrutiny, and confusion set in between 

emancipatory systems thinking and CST. Because emancipation only adheres to one of 

the three human interests that CST longs to support, it became a broader term used to 

realise circumstances in which all individuals could reach their full potential (Jackson, 

2003:303). The terms improvement, individual- or local emancipation have since been 

used (Jackson, 2003:303). 

In the programming classroom, in the process of learning to develop systems, a critical 

systems approach aims for the individual emancipation of students, through surfacing 

assumptions or mental models about programming concepts and to address the 

misconceptions. Students might have misconceptions about a certain programming 

concept that needs to be addressed. The instructor should also focus on teaching the 

students to have a critical look at the content, exploring different solutions, and critically 

selecting an appropriate solution is also necessary. A typical instruction in the classroom 

would be: “There are various methods to calculate the highest number in a range of 

numbers, let’s look at the pros and cons of the following methods that you know about. 
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There are also other ways of solving the problem, but you will only acquire the skills in 

future. In this semester, we will use arrays to solve the problem although it might not be 

the optimal solution”. A critical systems thinker would use the application area of the 

problem, for instance student marks, as an opportunity to sensitise the students on the 

real-world problems. Such a lecturer will perhaps focus on the highest and the lowest mark 

and link the application to the development of potential of students.  

The following section discusses the application of systems thinking in this study. 

3.3.7 Systems thinking in this study 

Within this study, systems thinking will be applied to an area of application based on a 

framework of ideas and a suitable methodology.  

Firstly, as a framework of ideas, Ulrich’s systems ideas, based on the Kantian view of 

knowledge and reason, will be applied. This implies that the ontological assumption is 

made that each student brings his/her own frame of reference or conditioned reality to the 

classroom. Each student also experiences phenomena differently according to his/her 

conditioned view. Within this study, the more conditioned views are understood, the 

clearer the phenomenon (learning to program) will be.  

A broader understanding enables the lecturer to provide a more accommodative learning 

environment. Kant’s three questions as motivation in the quest to search for knowledge 

(What do I know? What ought I to do? What may I hope?) will be used as part of each AR 

cycle, as discussed in 1.4.3. The question, “What do I know?” translates to the diagnosis 

phase of AR; “What can I do?” forms part of planning the intervention, and “If I do what I 

ought to do, what may I then hope?” forms part of the evaluation phase of AR (Table 3.5). 
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Table 3.5: Ulrich’s interpretation of Kant’s interest for reason 

Interest for reason  
(Kant, 1998:677) 

Interpretation by 
Ulrich (1983:260) 

Applied to AR 
phases 

What do I know? 
Used in an attempt to map social reality and 
comprehend the conditioned views acknowledging 
that comprehensiveness is an ideal. 

Diagnosis 

What ought I to do? 

Striving to design an improved social reality and 
comprehending imperfections in the design. 
Requires an agent to reflect on the group that is 
affected by his actions. 

Planning 
intervention 
Taking action 

If I do what I ought to 
do, what may I then 
hope? 

Improvement is not a certain result through 
planning; therefore, experts and witnesses must 
be included, building a mutual understanding 
between involved and affected. 

Evaluation 

 

Secondly, as methodology, the underlying assumption of individual emancipation of CST 

is more important in this study than the specific methodologies such as TSI, LSI, CSP and 

CSH. Individual emancipation is the main objective of this study as the title suggests: 

“Improving the programming skills of students: A critical systems approach”.  

Emancipation is viewed in terms of the development of the full potential of each individual 

student. Since the methodologies for critical systems were mainly developed for 

organisational use, they are not ideally suited for this study aimed at developing students’ 

programming skills. 

In this study, a critical systems approach will be followed with the aim of individual 

emancipation within a programming course and to improve the instructional design.  

Lastly, as an area of application, CSH-inspired aspects are most helpful in this study when 

applied to improving programming skills, in particular, focusing on the work of Ulrich 

interpreting Kant’s ideas, as listed below:  

(a) Sweeping in about the problematical situation of learning to program in order to 

understand as many conditioned views as possible; 
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(b) Being a witness for the affected, providing the affected with a voice; in this case, the 

lecturer will represent the affected students and act as witness on their behalf 

(Figure 3.6). 

 

Figure 3.6: Bearing witness for the affected 

CST provides the framework of ideas that allows the researcher as lecturer to develop the 

programming skills of the students in order to enable them to reach their full potential. 

3.4 Summary 

This chapter discussed systems thinking as a framework of ideas for the improvement of 

students’ programming skills. The definitions of systems thinking, origin and development 

thereof, characteristics of a system as given by Churchman, Checkland’s contribution to 

the systems components, Ulrich’s contribution and interpretation of Kant’s work on 

conditioned realities and systems thinking terminology have been discussed. Kant’s view 

of systems as interpreted by Ulrich highlighted the fact that individuals view phenomena 

based on their own prior experience and therefore each person’s view is conditioned. 

Striving towards the totality of conditioned realities will enhance understanding of the 

phenomenon.  
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Schools of thought within systems thinking were discussed, including hard and soft, with 

a particular focus on CST as methodology. Individual emancipation is key to this study, 

and therefore any oppressing structures should be identified in order for individual 

emancipation to realise. 

A discussion followed on various approaches for CST. The philosophy, principles and 

process of TSI were discussed. The principles of TSI as well as the modes of critique were 

discussed next. CSP followed explaining its focus and providing a summary for CSP as a 

meta-methodology. CSH is discussed as an area of application for CST. 

Systems thinking and its application within this study were also provided. This particular 

section mapped the study in terms of the FMA model within systems thinking, and clarifies 

the application of systems thinking within this study. 

In the next chapter, literature on cognitive perspectives on learning and learning to 

program will be reviewed and discussed with possible interventions. 
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CHAPTER 4: COGNITIVIST PERSPECTIVES IN LEARNING TO 

PROGRAM 

4.1 Introduction 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective, is used to develop the potential of the students and to develop 

an instructional design for user interface programming. A substantial amount of research 

has been done in the past two decades in relation to programming education. 

Programming is known to be a challenging task and is regarded as difficult by many 

students (Govender et al., 2014:187; Matthews et al., 2012:293; Robins et al., 2003:137). 

As a prerequisite to implement a successful instructional design in order to improve the 

programming skills of students, deeper insight into the foundation of how an individual 

acquires new knowledge is necessary (Khalil & Elkhider, 2016:148).  

This chapter addresses the application of the FMA model for constructivism as a 

framework for learning and teaching programming skills as provided in Figure 4.1. 

Constructivism (F) leading to constructionism as a framework of ideas for this study, is 

discussed (§ 4.2). Computational thinking as complementary methodology (M) for 

constructionism is addressed (§ 4.3). Computational thinking within programming (A) 

along with the challenges faced by students when learning to program and possible 

interventions to address challenges are discussed in the first part of Section 4.4. In the 

latter part of Section 4.4, programming education within the context of general education 

strategies is discussed. 
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Figure 4.1: Elements of this research in terms of constructionism 

4.2 Constructivism (F) 

This study is situated within the discipline of Computer Science, focusing on improving the 

programming skills of students using a critical systems approach. Although this study is 

not primarily positioned in the scholarly field of education, a brief discussion of the 

foundation of learning is necessary to comprehend computational thinking (M), which is 

grounded in constructivism (F) as teaching/learning approach. The historical context of 

constructivism is provided (§ 4.2.1), and is followed by a detailed description of what 

constructivism entails (§ 4.2.2). Variants of constructivism are also given (§ 4.2.3). This 

section concludes with a review of the progression of constructivism to constructionism (§ 

4.2.4).  
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4.2.1 The origin and development of constructivism 

In the early twentieth century, behaviourism was a popular psychological perspective on 

learning based on the premise that behaviour is triggered by certain stimuli in the 

environment (Panasuk & Lewis, 2012:1). Philosophically, behaviourists believe that 

knowledge is objective and that only one reality exists (Panasuk & Lewis, 2012:2). 

Behaviourism takes a firm stance that psychology should only deal with the behaviour of 

organisms and not with beliefs and attitudes, which cannot be measured empirically 

(Panasuk & Lewis, 2012:2). Cognitive scientists focus on cognition in the process of 

acquiring knowledge (Kolb, 2014:12; Panasuk & Lewis, 2012:2). It was in the 1970s when 

behaviourism as a paradigm of knowledge acquisition found itself in a crisis, with rising 

anomalies within itself and an increase of cognitive research. Kuhn (2012:84) describes 

this process as the “blurring” of a paradigm. Kuhn (2012:84) further states that “a crisis 

may end with the emergence of a new candidate for paradigm and with the ensuing battle 

over its acceptance”. This was exactly the case; behaviourist research declined as 

limitations were highlighted in dealing with higher forms of learning, as Mckeachie (1974:8) 

points out that “the laws of learning themselves which were inadequate (at least when 

applied to human cognitive learning)”. Behaviourism was not adequate to deal with human 

learning, but rather more in the study of animal behaviours in laboratories. Cognitive 

science research increased during this time period (Panasuk & Lewis, 2012:2).  

One of the most influential writers in the field of cognitive science was Jean Piaget. He 

was a Swiss epistemologist and psychologist who focused on many fields such as 

psychology, sociology, history of science, genetic and experimental psychology 

(Sjøberg, 2007:486). Piaget believed that physics as a discipline was the most mature of 

all scientific fields. His life work focused on mathematically formulated general theories in 

biology and psychology (Bada & Olusegun, 2015:66). He was not an educator, but had an 

immense effect on education (Sjøberg, 2007:486). Although Piaget’s work is 

interdisciplinary, his main area of investigation always was epistemological and 

philosophical in nature; therefore, the nature of knowledge, and how it grows and 

develops. Piaget used the term constructivism as early as in the 1920s when he wrote a 
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book, The construction of reality in the child, which is based on how children develop ideas 

about time, space, logic and numbers etc. (Sjøberg, 2007:486). Constructivism was used 

for the first time in the 1950s by George Kelly (Kelly, 1955).  

In the 1970s, science educators used Piaget’s work and made use of his stage theory. 

Piaget emphasised that an individual has to go through a series of four intellectual stages, 

for example going from the sensorimotor stage to the preoperational stage, continuing 

onto the concrete operational stage, and finally reaching the formal operational stage. The 

sensorimotor stage usually occurs when a child is between birth and two years of age, 

and it involves the discovery of a child’s environment through their senses, physical activity 

and language (Kalina & Powell, 2009:242). The preoperational stage occurs between the 

age of two and seven years old, and involves language development with the limitation of 

an inability to grasp other individuals thoughts (Kalina & Powell, 2009:242). The concrete 

operational stage (from 7-12 years) only allows for certain logical operations to be 

performed by an individual (Sjøberg, 2007:487). When an individual is finally at the formal 

operational stage, after the age of 12, logical reasoning, which is often used in science, 

such as in hypotheses and variables, is used (Sjøberg, 2007:487). In the 1970s, educators 

developed tests to classify a student’s cognitive level according to the Piagetian stage 

level, and developed material that supported learners at specific levels of Piagetian stages 

(Sjøberg, 2007:487). Piaget’s stage theory was very influential for a long period of time 

within education (Sjøberg, 2007:487). The theoretical underpinnings of stage theory were 

under scrutiny and its popularity diminished.  

Rosalind Driver and Jack Easley wrote an influential article in 1978 on the ideas and 

perceptions of children about natural phenomena, which was strongly grounded in 

Piagetian theory. They provided more insight into the actual content of children’s ideas, 

and sparked a new era focused on constructivism of which the focus is the ideas that 

children hold about phenomena (Sjøberg, 2007:487). Rosalind Driver continued with the 

constructivist movement and wrote articles and books for the classroom teacher that 

substantially influenced the research and teaching for years to come (Sjøberg, 2007:487).  
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A substantial increase in literature on children’s ideas on various phenomena was seen in 

the late 1970s and 1980s. This era saw various interpretations for children’s ideas, and 

testifies that researchers worked from different theoretical backgrounds. Piaget’s influence 

is evident in most writings of constructivism. Piaget’s interest was in the development of 

knowledge and not so much in education. Other researchers applied Piaget’s ideas to 

education, explaining why many views exist on constructivism (Panasuk & Lewis, 2012:5; 

Sjøberg, 2007:488).  

4.2.2 Definitions of constructivism 

Constructivism has been open and subject to personal interpretations and therefore a 

variety of views exist (Duffy & Cunningham, 1996:2; Kalina & Powell, 2009:241; 

Matthews, 2003:51). Lunenburg (2012:3) states that constructivism is an educational 

trend that can influence the way that students are taught, and the way that students learn. 

Howe (2003:81) posits that constructivism is a paradigm that depicts that knowledge is 

actively constructed by the individual based on the individual’s prior experiences and 

internal cognitive processes. Kanselaar (2002:1) shares Howe's (2003:81) view that new 

knowledge compounds onto prior knowledge. Constructivism is viewed as a learning 

theory by Bada and Olusegun (2015:66), who state that constructivism originates from 

psychology providing insight into the process of knowledge acquisition and learning. In 

this study, constructivism is viewed as a theory of learning based on the mentioned views 

of constructivism, stemming from the writings of Piaget and Von Glaserfeld. 

Two variants in constructivism, i.e. cognitive and social constructivism 

(Duffy & Cunningham, 1996:6), are referred to by Cobb (1994:14) as psychological and 

interactionist constructivism. The preferred terms for the two variants of constructivism in 

this study are cognitive and social constructivism. Cognitive constructivism stems directly 

from Piaget’s writings. In contrast to cognitive constructivism is the sociocultural approach 

with a focus on the social and cultural context of cognition, as in the writings of Lev 

Vygotsky (Duffy & Cunningham, 1996:6). The two variations of constructivism will be 

discussed further in the next section. 
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Within constructivism, it is assumed that every individual enters a learning situation with 

their own beliefs, skills and knowledge, also known as mental constructs or mental models 

(Duffy & Cunningham, 1996:3; Howe, 2003:93). Kalina and Powell (2009:241) posit that 

mental constructs are uniquely created through experience by an individual. Mental 

constructions are often referred to as mental models (Lui et al., 2004:73). Constructivism 

is therefore a learning theory that deals with the construction of mental models 

(Lui et al., 2004:73). The knowledge that an individual possesses is a mental model, which 

formed as the individual cognised a new experience, while referring to current mental 

models at the time (Reddy et al., 2005: 1051). Each student’s mental model will be unique, 

but when a student’s model does not represent scientific knowledge, a student typically 

has a misconception (Ben-Ari, 2001:46; Lui et al., 2004:74).  

The key concepts in constructivism’s creation of new knowledge or mental models are 

assimilation and accommodation (Bada & Olusegun, 2015:67). Assimilation refers to the 

incorporation of old and new experiences. The consequence of this is that individuals 

reconsider their prior misunderstandings in developing new perceptions by deciding what 

is important (Bada & Olusegun, 2015:67). Accommodation ‘reframes’ new experiences 

into the existing mental model that the individual currently possesses. Individuals have a 

certain perception of how the world operates, and when an experience is different from 

their existing mental model, accommodation occurs (Bada & Olusegun, 2015:67). The 

learner can only derive meaning from direct experiences with the world or in the classroom 

or the learning material (Bada & Olusegun, 2015:67). Students use their current mental 

models to address and deal with new problematic situations and therefore form new 

mental models. 

The constructivist classroom is typically more inclined to contain active participation in 

activities, since knowledge is constructed (Grissom, 2013:1; Hu & Shepherd, 2013:1; 

Sorva, 2013:13). Individuals can explore, question experiences based on prior knowledge, 

and adapt their mental models based on the new experience (Bada & Olusegun, 2015:67) 

(Sorva, 2013:13). A constructivist classroom should expose a student directly to the 

material being studied, because from a constructivist view, meaning derives from direct 



 

104 | C h a p t e r  4 :   C o g n i t i v i s t  p e r s p e c t i v e s  i n  l e a r n i n g  t o    
                    p r o g r a m  
 

experience (Bada & Olusegun, 2015:67). A constructivist environment should challenge 

students’ current mental models and promote collaboration (Lunenburg, 2012:3). Kalina 

and Powell (2009:241) posit that a successful constructivist classroom can only be created 

when cognitive and social constructivism is understood and implemented. 

In conclusion, constructivism is viewed within this study as an epistemology of knowledge 

that views learning as the result of mental model construction. Mental models form when 

an individual has a new experience, probing existing ideas and past experiences, deciding 

whether to adapt the current mental model or simply discard the new information 

(Bada & Olusegun, 2015:66). There are variants of constructivism which is discussed 

next. 

4.2.3 Variants of constructivism 

There are two major variants of constructivism, namely cognitive constructivism and 

sociocultural constructivism, or, in short, social constructivism 

(Duffy & Cunningham, 1996:6; Kanselaar, 2002:1). Two well-known contributors to 

constructivism are Jean Piaget and Lev Vygotsky (Matthews, 2003:53). Piaget and 

Vygotsky contributed towards the two main variants of constructivism; Piaget in cognitive 

constructivism and Vygotsky in social constructivism. Both cognitive constructivism and 

social constructivism are needed and important for a successful constructivist learning 

environment (Kalina & Powell, 2009:241). A brief discussion of the variants of 

constructivism follows. 

4.2.3.1 Cognitive constructivism (Jean Piaget) 

Cognitive constructivism stems directly form the work of Jean Piaget, whose focus was on 

how individuals, in particular children, construct conceptual models or knowledge 

(Kalina & Powell, 2009:241). Cognitive constructivism is an internal and personal process 

of constructing knowledge with a focus on the individual’s internal construction. Piaget’s 

theory includes two main elements, ages and stages, which make a prediction of the level 

of understanding that an individual can or cannot have at a certain age as well as a theory 
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of how individuals develop their cognitive abilities (Amineh & Asl, 2015:10). As discussed 

in previous sections, knowledge is constructed actively, and when a new experience is 

presented that is unknown to the individual, an imbalance occurs (Amineh & Asl, 2015:10). 

The individual has to make sense and restore balance through association with existing 

knowledge, also known as assimilation. If the individual cannot use assimilation, 

accommodation happens, where the individual restructures his or her current mental 

constructions to form a deeper understanding (Amineh & Asl, 2015:10). 

Cognitive constructivism was further advanced into radical constructivism by Ernst von 

Glaserfeld, which is seen as the most extreme version of constructivism by 

Joldersma (2011:276). Von Glasersfeld (1995:18) describes radical constructivism as an 

unconventional approach to what constitutes knowledge, and how we come to know. 

Knowledge is uniquely constructed by each individual based on his or her experience 

(Von Glasersfeld, 1995:18). He describes knowledge by referring to the term self-

organisation (Amineh & Asl, 2015:14). This means that reality and experience are 

subjective as described in Von Glaserfeld and Smock’s publication, Piaget and the radical 

constructivism epistemology in 1974. The authors explain that “though externalization is 

a necessary condition for what we call ‘reality’, this reality is wholly our construct and can 

in no sense be considered to reflect or represent what philosophers would call an 

‘objective’ reality; for no organism can have cognitive access to structures that are not of 

his own making.”. Von Glaserfeld and Smock further state that knowledge is constructed 

by the knower and cannot be taught (Smock & Von Glasersfeld, 1974:10). In this study, 

the traditional view of Piaget on cognitive constructivism is used. 

4.2.3.2 Social constructivism (Lev Vygotsky) 

Social constructivism, coined by Lev Vygotsky years after Jean Piaget’s work had been 

published, focuses on the social interaction between students, among each other and 

between students and educator when learning takes place (Kalina & Powell, 2009:243). 

Social constructivism therefore stems from the idea that construction occurs when socially 

interactive with the educator and peers. Amineh and Asl (2015:13) state that 
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understanding and meanings are formed in cooperation with other individuals. Vygotsky 

believes that cognitive development is dependent on external interactions such as cultural, 

historical and social interactions (Amineh & Asl, 2015:10).  

The zone of proximal development (ZPD) is one of Vygotsky’s main theories. When a 

student is assisted in a classroom environment where learning takes place, it is referred 

to as the ZPD. The ZPD is therefore a zone where learning occurs when assisted in the 

classroom (Amineh & Asl, 2015:14; Kalina & Powell, 2009:244). There is one critical 

difference between Piaget and Vygotsky; Piaget believed that development is preceded 

by learning and Vygotsky negates this with the opposite belief (Kanselaar, 2002:2). With 

regard to speech development in children, Piaget believed that the egocentric speech of 

children moves to social speech with maturity, whereas Vygotsky believes that a child’s 

speech is naturally social in nature and later moves from social to internal egocentric 

(Kanselaar, 2002:2). 

Scaffolding also features in Vygotsky’s theory of social constructivism. Scaffolding 

includes the assistance of educators in the process of acquiring new knowledge. An 

example of this would be to count objects together with the educator aloud. The student 

still completed the task, but with assistance (Kalina & Powell, 2009:244). Assistance and 

collaboration with other students are also important; it is referred to as cooperative 

learning (Kalina & Powell, 2009:244). 

4.2.4 From constructivism to constructionism (Seymour Papert) 

Seymour Papert worked with Jean Piaget in the fifties and sixties, and based his 

constructionism on Piaget’s constructivism (Ackermann, 2001:440). Constructionism 

extends constructivism’s idea by suggesting that learning especially occurs when a learner 

is actively constructing something, learning by making, whether it be a sandcastle or a 

philosophy (Kafai & Resnick, 2012:2; Papert & Harel, 1991:1). Papert refers to 

constructionism as the ‘N’ word instead of the ‘V’ word that shares constructivism’s 

premise of learning as building structures of knowledge (Papert & Harel, 1991:1). 

Constructionism is an epistemological idea (Papert & Harel, 1991:2), and is categorised 
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by Disessa and Cobb (2004:82) as a framework for action. Constructionism is more 

situated and pragmatic than constructivism (Ackermann, 2001:440). Constructionism 

symbolises a way of thinking of how individuals learn effectively; for instance, constructing 

a model, reflecting, debugging and sharing it (Noss & Clayson, 2015:285).  

Papert developed the programming languages Logo and Scratch, which is a testimony of 

his views for students to use it with ease, but also creates sophisticated programs (Lye & 

Koh, 2014:53; Noss & Clayson, 2015:285). Piaget and Papert are both constructivists, as 

knowledge is seen as a personal experience to be constructed, not merely transmitted 

(Ackermann, 2001:440). Both are also developmentalists where they believe that the 

individual will outgrow their current understanding of the world and deepen understanding 

(Ackermann, 2001:440). Constructionism, which is deeply rooted within constructivism, is 

used as a framework of ideas in this study. The next section will address the methodology 

for teaching programming that is rooted in constructionism. 

4.3 Computational thinking (M)  

This section informs the methodology followed in this study to teach programming that is 

situated within constructionism. Computational thinking is defined, explained and given as 

a methodology to aid in improving the programming skills of students.  

4.3.1 Definitions of computational thinking 

Computational thinking finds its origins in Seymour Papert’s constructionism, and was 

popularised by Wing (2006) in a thought-provoking article (Bers et al., 2014:146; 

Shute et al., 2017:2). Constructivism puts the focus on the cognitive processing of 

constructs, and constructionism extends constructivism in order to allow students to use 

technology in a practical way to express their cognitive constructs (Bers et al., 2014:146).  

Computational thinking is a problem-solving approach where a set of concepts is used, 

such as abstraction, recursion and iteration, in order to process and analyse data to create 

artefacts across disciplines (Barr & Stephenson, 2011:51; ISTE, 2011).  



 

108 | C h a p t e r  4 :   C o g n i t i v i s t  p e r s p e c t i v e s  i n  l e a r n i n g  t o    
                    p r o g r a m  
 

The Royal Society in Britain defines computational thinking in a technical report as “the 

process of recognising aspects of computation in the world that surrounds us, and 

applying tools and techniques from Computer Science to understand and reason about 

both natural and artificial systems and processes” (Furber, 2012:29).  

Shute et al. (2017) defines computational thinking as the conceptual foundation that is 

required for effective problem solving with solutions that can be reused within other 

contexts.  

Computational thinking embodies the idea of thinking with a computer as a tool 

(Berland & Wilensky, 2015:630).  

In this study, González's (2015:2438) definition of computational thinking is adopted: “CT 

involves the ability to formulate and solve problems by relying on the fundamental 

concepts of computing, and using logic-syntax of programming languages: basic 

sequences, loops, iteration, conditionals, functions & variables.” The participants of this 

study do not necessarily possess viable mental models of constructs in the world as a 

result of their historical background. Programming textbooks often use examples such as 

automated teller machines (ATMs) and bank accounts, which this study’s participants 

might not have a viable mental model of, since many of the students might not even have 

a bank account. This can create a setback before the student even starts with a 

programming course. Therefore, computational thinking will be used to form a foundation 

to link with programming.  

4.3.2 Components of computational thinking 

Lye and Koh (2014:59) categorised research publications based on literature reviews on 

computational thinking into three dimensions, as identified by Brennan and 

Resnick (2012), namely computational concepts, computational practices and 

computational perspectives. Lye and Koh (2014:59) provide a summary of the core ideas 

related to the three dimensions, presented in Table 4.1.  
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Computational concepts refer to concepts that programmers use, such as variables and 

constants. Computational practices refer to the problem-solving practices naturally 

invoked when programming, such as iteration and incrementation. Computational 

perspectives refer to students’ understandings of themselves, their relationships with 

others, and the technological world around them. Examples include testing and 

debugging, and reusing and mixing code. The computational thinking aspect with the 

highest publication frequency is computational concepts, as 23 out of 27 papers focused 

on computational concepts (Lye & Koh, 2014:59).  

Table 4.1: Computational thinking dimensions, quoted from 

Lye and Koh (2014:59) 

Dimension Description Examples 

Computational concepts Concepts that the 
programmer uses Variables 

Computational practices 
Problem-solving practices 
that occur in the process of 
programming 

Loops 
Being incremental and 
iterative 

Computational perspectives 

Students’ understandings of 
themselves, their 
relationships with others, and 
the technological world 
around them 

Testing and debugging 
Reusing and remixing 
Abstracting and modularising 
Expressing and questioning 
about the technology world 

 

Computational thinking is not limited to computer science, and is based on two core ideas: 

abstraction and automation. Wing (2008:3717) states that our own abstractions are very 

rich and complex. During the process of abstraction, we need to decide which details are 

important and which details can be ignored, and this encompasses computational thinking 

(Wing, 2008:3718). “Abstractions are the mental tools of computing”, and therefore our 

abstractions are automated by computing (Wing, 2008:3717). Automation is a product of 

the need for the interpretation of our abstractions. One form of a computer is a physical 

machine, but humans also compute and can be seen as a computer (Wing, 2008:3719). 

Human and machine can achieve a great deal together because humans have certain 
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strengths (processing images) and computers have other strengths (speed of processing) 

(Wing, 2008:3719).  

Computing is essentially answering the question “How would I get a computer to solve this 

problem?”, whether the computer is a machine, human or a combination 

(Wing, 2008:3719). Wing (2006:33) asserts that computational thinking does not imply to 

imitate a computer, rather to solve problems creatively and efficiently while engaging in 

cognitive activities such as problem reformulation, recursion, problem decomposition, 

abstraction and systematic testing, as summarised by Shute et al. (2017:3).  

The International Society for Technology in Education (ISTE) compiled a list of 

computational characteristics in collaboration with the Computer Science Teachers 

Association (CSTA) (ISTE, 2011): 

1. Formulating problems for use with a computer to facilitate the solution; 

2. Logically organising & analysing data; 

3. Representing data through abstractions; 

4. Automating solutions through algorithmic processes; 

5. Identifying, analysing and implementing suggested solutions, as the most efficient and 

effective combination of steps and resources; and  

6. Generalising and transferring this process to a variety of problem areas. 

Kazimoglu et al. (2012a:525) identify five core skills of computational thinking that are 

applicable within computer science, namely problem-solving, building algorithms, 

debugging, simulation and socialising. In Shute et al.'s (2017:3) review of 45 

computational thinking research papers, the most common components or skills of 

computational thinking are decomposition, abstraction, algorithms and debugging, with 

the addition of iteration and generalisation in Shute et al.'s (2017) own model. 

Shute et al.'s (2017:12) facets of computational thinking encompass those listed by 
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Kazimoglu et al. (2012a:525) and ISTE (2011). A detailed description of 

Shute et al.'s (2017:12) computational thinking facets and their definitions is provided in 

Table 4.2. 

Table 4.2: Computational thinking facets and definitions, summarised from 

Shute et al. (2017:12) 

 

Computational 
thinking facet Definition 

Decomposition 
Dissect a complex problem/system into manageable parts. The divided parts 
are not random pieces, but functional elements that collectively comprise the 
whole system/problem. 

Abstraction 

Extract the essence of a (complex) system. Abstraction has three 
subcategories: 
Data collection and analysis: Collect the most relevant and important 
information from multiple sources and understand the relationships among 
multi-layered datasets; 
Pattern recognition: Identify patterns/rules underlying the data/information 
structure; 
Modelling: Build models or simulations to represent how a system operates, 
and/or how a system will function in the future. 

Algorithms 

Design logical and ordered instructions for rendering a solution to a problem. 
The instructions can be carried out by a human or computer. There are four 
sub-categories: 
Algorithm design: Create a series of ordered steps to solve a problem; 
Parallelism: Carry out a certain number of steps at the same time; 
Efficiency: Design the fewest number of steps to solve a problem, removing 
redundant and unnecessary steps; 
Automation: Automate the execution of the procedure when required to solve 
similar problems. 

Debugging Detect and identify errors, and then fix the errors when a solution does not 
work as it should. 

Iteration Repeat design processes to refine solutions, until the ideal result is 
achieved. 

Generalisation Transfer CT skills to a wide range of situations/domains to solve problems 
effectively and efficiently. 
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4.3.3 Computational thinking and programming 

Programming and computational thinking are not exactly the same. Computational 

thinking is independent of programming languages (Ioannidou et al., 2011:5), but its core 

idea derives from computer science. Computational thinking focuses on computational 

ideas such as decomposition, abstraction, algorithms, debugging, iteration and 

generalisation. In programming, the focus is on the explicit expression of these ideas in 

terms of problem-specific code lines (Ioannidou et al., 2011:5). 

In order to determine the relationship between programming and computational thinking, 

the researcher performed searches for literature about programming and computational 

thinking. Papers since 2006 are listed since Jeanette Wing’s seminal article that triggered 

the popular use of the term computational thinking which originated from earlier writings 

of Papert (§ 4.3.1). The search phrases that were used include “computational thinking 

and programming”, and “computational thinking to improve programming”. Google Scholar 

and EBSCO Discovery Service were used to search for papers. Papers not relevant to 

programming were discarded. Table 4.3 lists the relevant papers and topics.  

Table 4.3: Computational thinking and programming literature 

Author Title 

Wing (2008) Review on teaching and learning of computational 
thinking through programming: What is next for K-12? 

Lu and Fletcher (2009) Thinking about computational thinking. 

Brennan and Resnick 
(2012) 

New frameworks for studying and assessing the development 
of computational thinking. 

Kazimoglu et al. (2012b) A serious game for developing computational thinking and 
learning introductory computer programming. 

Kazimoglu et al. (2012a) Learning programming at the computational thinking level via 
digital game-play. 

Selby (2012) Promoting computational thinking with programming. 

Buitrago Flórez et al. 
(2017) 

Changing a generation's way of thinking: Teaching computational 
thinking through programming. 
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Table 4.3: Computational thinking and programming literature (continued) 

Author Title 

Kalelioglu et al. (2014) Curriculum integration ideas for improving the computational 
thinking skills of learners through programming via scratch. 

Li (2016) Teaching programming based on Computational Thinking. 

Xiao and Yu (2017) A Model of Cultivating Computational Thinking Based on Visual 
Programming. 

Lin et al. (2018) Exploring the Role of Visual Programming Activities 
in Computational Thinking. 

Chang and Tsai (2018) Pair-Programming Curriculum Development of Motion-Based 
Game for Enhancing Computational Thinking Skills. 

 

Computational thinking skills are in the limelight and a ‘must have’ for an individual in order 

to solve problems efficiently in the 21st century (§ 4.3.2). Programming languages, for 

example Scratch, are mostly used as a tool to promote computational thinking skills. 

According to the titles in Table 4.3, promoting computational thinking is the end goal, using 

a programming language.  

This study concentrates on the core of computational thinking, i.e. programming and 

computer science concepts, since programming is a demonstration of computational 

competencies (Grover & Pea, 2013:40). Within this study, it is believed that the 

development of certain computational skills will improve an individual’s programming 

skills. This can be achieved by creating a frame of reference for each student, since each 

student brings his/her own frame of reference into a learning situation and because of the 

historical background of the students in this study, they might not have the necessary 

frame of reference required to learn how to program. The prescribed textbooks often have 

examples of automated teller machines (ATMs) for example; it cannot be assumed that 

all students have had decent encounters with ATMs to form a viable mental model. 

Computational thinking skills can provide/build the frame of reference needed for a student 

to improve his/her programming skills. 
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4.3.4 Computational thinking as an instructional approach  

Lye and Koh (2014:59) reviewed several computational thinking papers (27) with the aim 

to develop an instructional design that supports computational thinking. Although the focus 

of their paper is to suggest instructional design to schools, it is certainly applicable to 

higher education since the majority of the papers reviewed (20) were within the context of 

higher education. They suggested that instructional design should focus on 

constructionism within a problem-solving learning environment (PSLE) where 

constructionism is a more physical manifestation of constructivism. The suggestion was 

made because constructionist research focuses on the practical applications and yielded 

the most positive research results in their literature review.  

Lye and Koh (2014:59) propose a PSLE in order to foster computational thinking skills. 

The authors envision a learning environment that exposes students to authentic problems, 

activities based on cognitive constructivism, scaffolding, which involves guidance through 

a series of steps to complete tasks, and reflection, which allows students to critically 

question their own understanding. This study will aim to create a PSLE as suggested by 

Lye and Koh (2014:59) in order to foster computational thinking skills. Intervention 

strategies will be planned in accordance with Lye and Koh's (2014:59) PSLE. The PSLE’s 

components are summarised in Table 4.4. 

Table 4.4: PSLE components for instructional design, summarised from 

Lye and Koh (2014:59) 

PSLE component  Description 

PSLE1: Authentic 
problems 

Problems should be set within context with regard to the students. 
Students tend to be more engaged on an intellectual level in the learning 
process when the problem is relevant to them. 

PSLE2: Information 
processing 

Computational concepts are acquired through information processing 
techniques that focus on mental model constructions; therefore, 
constructivism (see section 4.5). Certain strategies can aid the students 
in processing information, for example linking to prior learning through 
the use of metaphors; cognitive conflict strategies; and reducing 
cognitive load by providing partly completed programs. 
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Table 4.4: PSLE components for instructional design, summarised from 

Lye and Koh (2014:59) (continued) 

PSLE component  Description 

PSLE3: Scaffolding 

Scaffolding the program construction into smaller more manageable 
tasks. This step can potentially develop and foster all three dimensions 
of computational thinking (concepts, practices and perspectives). This 
step is based on the constructionism process where meaningful 
products are built for themselves or others as an end result of 
continuous knowledge construction.   

PSLE4: Reflection 

Students reflect on computational processes and their programming 
process, either by self-reflection or peer-reflection. Reflection allows the 
student time to think about his/her own performance and potentially 
realising misconceptions and shortcomings. 

 

Lye and Koh's (2014:59) PSLE is a comprehensive strategy based on the views of many 

leading authors in the field, and therefore it will be used further within this study as an 

instructional approach. In the next section, literature based on teaching and learning how 

to program will be discussed.  

4.4 Programming education (A) 

In the previous sections, constructivism leading to constructionism as a framework of 

ideas was discussed, followed by computational thinking as a methodology. 

Computational thinking is used within this study to create a frame of reference for learning 

to program. Since the aim of the study is to improve the programming skills of students 

using a critical systems approach, attention will now turn to the programming literature. 

Research based on  

programming education has been ongoing for more than 40 years, with a substantial 

increase in literature in the 1980s. The teaching and learning of programming have been 

widely researched and are mostly concerned with either experts in the field working on 

projects or novices trying to acquire the expertise and skills of programming 

(Robins et al., 2003:139). This study’s focus is on the teaching and learning of 
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programming of novices, which this section will cover. In particular, computational thinking 

in programming education is discussed (§ 4.4.1). Programming education within the 

context of general education strategies is also discussed (§ 4.4.2), and learning to 

program is discussed in terms of students’ views, challenges faced and possible 

interventions (§ 4.4.3).  

4.4.1 Computational thinking in programming education 

In this section, programming constructs (§ 4.4.1.1) are addressed followed by the relation 

between problem-solving, programming and computational thinking (§ 4.4.1.2). 

Computational thinking facets (decomposition (§ 4.4.1.3), abstraction (§ 4.4.1.4), 

algorithms (§ 4.4.1.5), debugging (§ 4.4.1.6), iteration (§ 4.4.1.7) and generalisation 

(§ 4.4.1.8)) in relation to programming are discussed next, as provided in Table 4.4.  

4.4.1.1 Programming constructs 

Programming constructs refer to structures that control the flow or order in which 

statements are executed. Three very broad and basic categories of programming 

constructs are simple sequence, selection and iteration/repetition (Doyle, 2013:248).  

Simple sequence is the concept that a program is executed, usually starting in the Main() 

method (C# and Java) and executing statements line by line in a linear fashion. The flow 

can potentially be altered with calls to other methods; the method will then have to control 

and execute each line within the method linearly until done and return control to the place 

where the call statement was and continue in a linear fashion (Doyle, 2013:248).  

Selection is used to make decisions and automatically implies a deviation in the execution 

sequence as certain statements will be executed based on a condition being met or not.  

Repetition or iteration allows a set of instructions to repeat (Doyle, 2013:248). Table 4.5 

depicts some examples of programming constructs in C#. 
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Table 4.5: Programming construct examples in C# 

Construct Example 

Simple sequence 

int val = 0; 
label1.Text = val; 
val = val+1; 
…. 

Selection 
   -If 
   -switch 

if (flag == true) 
{ 
    MessageBox.Show(val); 
} 

Repetition 
  -while 
  -for 
  -do while 
  -for each  

for (int i = 0; i < 10; i++) 
{ 
    MessageBox.Show(i+1); 
} 

 

Programming constructs are generally taught in the following order, as identified by Selby 

(2015:84) in a grounded theory research project projecting the views of 255 participants: 

1. Constructs, facts, types 

2. How individual constructs work 

3. Use programming constructs within contrived contexts 

4. Discriminate, decompose, abstract 

5. Create programs, algorithm design 

6. Test, evaluate 

This is a typical process not limited to programming language or environment 

(Selby, 2015:84). An example of the application of this general process of teaching 

constructs when teaching the if-statement is: 
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1. Teach the construct, facts surrounding the construct and types 

Introduce the concept, situate the concept within the bigger picture, show the basic 

construct and syntax, teach the basic facts. For example:  

• Explain the concept as a decision structure, situating the construct within the 

bigger picture of programming, e.g. “Concept: A decision structure allows a 

program to perform actions …”; 

• Explain the difference between a sequence, decision and repetition construct; 

• Provide a basic example of the specific construct – If-statement (natural 

language); 

• Provide the basic structure and syntax of the construct (language specific); and 

• Recap on types of Boolean expressions in a specific language. 

2. Explain how the construct works 

Show examples and discuss the outcomes, e.g. provide a complete simplified example 

of an If- statement; 

3. Use programming constructs within contrived contexts 

Complete guided simplistic activities and progress to more complex activities, e.g. 

show an if-statement and determine what the output should be, whether the Boolean 

expression is true or false. 

4. Discriminate, decompose, abstract 

Apply the concept to various problems ranging in difficulty. Analyse the problem, and 

determine what the Boolean expression should be, choosing the most efficient option 

(the use of && and || operators, nested if-statements, combined conditions etc.).  
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5. Design algorithms and create programs 

Write fully functional programs ranging in complexity bringing steps 1 to 4 together. 

6. Test, evaluate 

Evaluate the program for correctness and effectiveness, reflect and go back to step 4 

if necessary. 

4.4.1.2 Problem-solving, programming and computational thinking 

Problem-solving is synonymous with programming and was found to be a major predictor 

of programming performance (Barlow-Jones & Van Der Westhuizen, 2017:215). Problem-

solving involves the development of an ordered list of steps to follow in order to get the 

desired result, e.g. developing an algorithm (Govender et al., 2014:188). Similarly, typical 

steps involved in programming include understanding a problem, developing an algorithm 

and testing the algorithm, all of which rely on the student’s knowledge of variables, data 

types and control structures (Giannakopoulos, 2017:231). High-level thinking and 

problem-solving are key to learning to program (Giannakopoulos, 2017:227).  

Computational thinking is viewed as a problem-solving method, as per 

González's (2015:2438) definition of computational thinking: “CT involves the ability to 

formulate and solve problems by relying on the fundamental concepts of computing, and 

using logic-syntax of programming languages: basic sequences, loops, iteration, 

conditionals, functions & variables.”. Problem-solving, therefore, plays a fundamental role 

in programming and computational thinking. Table 4.6 maps the similarities between 

computational thinking facets and problem-solving skills. 
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Table 4.6: Computational thinking facets and problem-solving skills 

similarities 

Computational thinking facet 
from (Shute et al., 2017:12) 

Problem-solving skills from Muller & Haberman 
(2009:4) 

Decomposition Problem comprehension & problem decomposition 

Abstraction Analogical reasoning, abstraction, problems structure 
identification, verbalisation of ideas 

Algorithms Verbalisation of ideas, identifying problems prototype 

Debugging Evaluation and appreciation of efficiency and elegancy, 
reflection and drawing conclusions 

Iteration Problems structure identification 

Generalisation Generalisation 

 

Shute et al.'s (2017:12) facets of computational thinking with relation to programming 

education is discussed next. 

4.4.1.3 Decomposition in programming 

Decomposition is the act of breaking a problem into smaller manageable parts. Every part 

is a functional element that collectively forms the whole of the system 

(Shute et al., 2017:12). Decomposition forms part of problem-solving skills that are 

needed to learn how to program (Muller & Haberman, 2009:4). 

4.4.1.4 Abstraction in programming 

Abstraction is a fundamental process in computer science, featuring 1) generalisation of 

examples, 2) identification, extraction and isolation of important components, and 

3) discarding irrelevant details (Haberman & Muller, 2008:7) Abstraction is a necessary 

problem-solving skill needed in the process of learning to program 

(Muller & Haberman, 2009:4). 
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Reducing abstraction is a term used to describe the mental process of finding ways to 

cope with new concepts learned, and enabling thinking and handling the concepts 

cognitively (Hazzan, 2003:97). A procedure that is naturally invoked by a problem is called 

canonical procedure (Hazzan, 2003:108). This is the case when the nature of the problem 

suggests the procedure or because of prior experience in solving similar problems 

(Hazzan, 2003:108). Canonical processes therefore allow students to only focus on the 

steps of the procedure and steer away from focusing on the concepts and its properties 

involved (Hazzan, 2003:108).  

When students rely on canonical procedures for problem-solving, it is referred to as being 

an expression of process conception of the concepts involved, and object conception 

refers to problem-solving using the properties of the concept itself, which is often a very 

unsure process for a student to follow (Hazzan, 2003:108). Canonical procedures are 

necessary even for experienced programmers, because it assists in the process of 

simplification and in speeding up the pace of work (Eckerdal et al., 2005:140). To be able 

to analyse the essence of programming concepts, students require a fundamental 

understanding of those abstract concepts (Eckerdal et al., 2005:140; Hazzan, 2003:108).  

4.4.1.5 Algorithms in programming 

An algorithm refers to an ordered list of instructions in order to render a suggested solution 

to a problem (Shute et al., 2017:12). Algorithm design is a complex problem-solving task 

that requires consideration for the timing of instructions as well as efficiency of instructions, 

thereby avoiding unnecessary redundant steps (Shute et al., 2017:12). Lastly, it also 

requires the coding of the algorithm in a programming language, which adds to the 

complexity of this task, since viable mental models and sufficient programming language 

knowledge are needed. 

4.4.1.6 Debugging in programming 

Debugging in programming is used to detect errors in logic and syntax, and to correct 

errors (Shute et al., 2017:12). This process forms part of computational thinking reflection 
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when evaluating a program for correctness. Debugging can also assist in the process of 

rectifying non-viable mental models. 

4.4.1.7 Iteration in programming 

Iteration, in this sense, refers to improving design iteratively until the desired result is 

achieved (Shute et al., 2017:12). 

4.4.1.8 Generalisation in programming 

Generalisation in programming refers to the ability to use the knowledge gained in one 

scenario and applying it in another (Shute et al., 2017:12). Palumbo (1990) completed an 

extensive review of literature that focuses on the relationship between programming 

language instruction and problem-solving. There are two types of problems, familiar 

problems that are similar to problems that have been solved before, and new problems 

that are within a new domain (Pears et al., 2007:207). Novice and expert programmers 

solve problems differently; experts can process larger pieces of information, whereas 

novices work with small, unrelated pieces of information (Palumbo, 1990:68). Experience 

is key to any expert. Novice programmers tend to solve programming problems backwards 

focusing on small units at a time (Palumbo, 1990:69).  

Palumbo (1990:70) identifies different types of skills and knowledge transfer processes: 

Near transfer refers to the transfer of skills and knowledge obtained in one domain to 

another similar domain, for example applying concepts such as loops in one language, in 

another similar language or same language, similar problem situation (Palumbo, 1990:70).   

Distant transfer is the opposite of near transfer, where knowledge and skills obtained in 

one domain are transferred to another distinctly different domain, for example transferring 

skills in programming to solve the Tower of Hanoi, although both require an algorithm, the 

domain is distinctly different (Palumbo, 1990:70). The difference between near and distant 

transfer is the area of application or environment (Palumbo, 1990:72). 
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Specific transfer requires the transfer of a skill from one domain to a new domain 

(Boyer et al., 2008:90). For example, a strategy or similar strategy used in the training 

environment might have to be used in a new problem domain.  

Generalised transfer refers to the transfer of general problem-solving strategies from one 

problem to another (Palumbo, 1990:71). For example, a new problem situation might 

require a combination of problem-solving solutions (Palumbo, 1990:71). The level of 

cognitive problem-solving skills is the distinct difference between specific and generalised 

transfer (Palumbo, 1990:72).  

Novice programmers in introductory programming courses cannot be expected to do 

distant or generalised transfer of knowledge (Pears et al., 2007:207).  

4.4.2 Programming education within context of general education strategies 

In this section, elements of curriculum design are discussed from an education 

perspective. The term curriculum refers to a template that enables learning 

(Van Den Akker, 2007:38). Curricula define the learning that should take place within a 

course of study, and are defined in terms of knowledge, skills and attitude. Assessment 

criteria and learning material are also specified within the curricula 

(Van Den Akker, 2007:38).  

The elements of a curriculum include aims and learning outcomes (§ 4.4.2.1), content (§ 

4.4.2.2), teaching and learning methods (§ 4.4.2.3), and assessment methods (§ 4.4.2.4) 

(Prideaux, 2003:269). Bloom’s taxonomy will be discussed as an extension of assessment 

(§ 4.4.2.5), and will be followed by a computational thinking perspective on teaching 

programming incorporating Bloom’s taxonomy (§ 4.4.2.6).  

4.4.2.1 Aims and learning outcomes 

Within a curriculum, the aim’s purpose is to describe what the instructor wishes to achieve 

and the learning outcomes serve as a guide to the lecturer and student on what is 

expected of the student and what will be assessed (Van Den Akker, 2007:39). Bloom’s 
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taxonomy is often employed to write learning outcomes, since Bloom’s taxonomy is used 

to assess the level of achievement of learning outcomes (Adams, 2015:153). Bloom’s 

taxonomy is discussed in the section on Assessment methods (§ 4.4.2.4). 

4.4.2.2 Content 

The content of curricula is derived from the learning outcomes (Prideaux, 2003:269). 

Suitable textbooks and other learning material are selected or developed in order to 

ensure that students reach the learning outcomes. Within this study, the content differs for 

every course and is therefore addressed within each AR cycle.  

4.4.2.3 Teaching and learning methods 

Teaching and learning methods are seldom defined in curricula in an attempt to provide 

the lecturer with freedom to design a suitable instructional approach. The instructional 

approach for this study (PSLE) is addressed as methodology in Section 4.3. The specific 

details within the applied PSLE will be addressed within each cycle of AR. 

4.4.2.4 Assessment methods 

Assessing students’ performance initiates from the learning outcomes of the curricula. 

Strategies employed for teaching and learning should support the chosen assessment 

methods. Formative and summative assessment forms an integral part of higher education 

assessment.  

Formative assessment can potentially make a significant contribution to the learning 

process. Formative assessment highlights gaps between a student’s desired and current 

knowledge, and this should encourage students to act and thereby close these gaps 

before the end of the semester (Rashkovits & Lavy, 2013:1).  

Summative assessment is used to measure whether a student has achieved the outcomes 

of a course. Within the rules for teaching and learning, as set out by North-West University 

(NWU), the purpose of assessment is (NWU, 2019d:7):  
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• “Assessment is the process used to identify, gather and interpret information and 

evidence against required competencies in order to make a judgement about a 

student’s achievement (summative), or to inform and shape teaching and learning still 

to be done (formative); 

• The general purpose of summative assessment is to certify student attainment of 

learning outcomes for obtaining a qualification; 

• Formative assessment enhances students’ growth and development, monitors their 

progress and facilitates learning; 

• Assessment practices provide opportunities for the realisation of NWU graduate 

attributes; 

• Assessment practices facilitate active, self-directed and lifelong learning. 

• Assessment practices reflect an integrated, balanced approach to assessment, 

including assessment of learning (AoL), assessment for learning (AfL) and 

assessment as learning (AaL); 

• Assessment outcomes enable lecturers to reflect and improve on teaching, learning 

and assessment practices, students’ learning experiences and programme design; 

• Assessment is integrated into teaching and learning and serves a variety of specific 

assessment purposes, including baseline, formative, summative, diagnostic, informal 

and formal purposes; and 

• Assessment also serves the purpose of being part of the university’s quality assurance 

processes and provides both quantitative and qualitative information to faculties 

regarding student progress and performance.” 

Moderation forms an integral part of quality assurance, and the quality of assessment is 

ensured by “employing rigorous moderation procedures and practices” (NWU, 2019d:8). 
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The assessment plan for the courses used in this study, as stipulated in the course 

overview document, is as follows: 

• Formative assessment: Assessment that will contribute towards your participation 

mark. Scheduled tests and practical assignments will be given throughout the 

semester, which will contribute towards a student’s participation mark; 

• Summative assessment: Examination, i.e. a three-hour examination at the end of the 

course; and 

• Informal assessment: Supports learning and provides feedback on the students’ 

learning. Class assignments, class tests and quizzes will be given. 

Specific assessments planned for each course in every AR cycle are discussed in more 

detail in the corresponding chapter. Internal and external moderation is also required for 

assessments in order to ensure the quality thereof. External moderation, where an expert 

from outside the university moderates the assessment, is only necessary for final-year 

courses. In this study, first- and second-year courses are taught; therefore, internal 

moderation needs to be completed for summative assessments. The moderator’s report 

is based on Bloom’s taxonomy. 

4.4.2.5 Bloom’s taxonomy for learning 

Since the curriculum in this study was designed using Bloom’s taxonomy, it will be 

discussed further even though other taxonomies might be better suited for programming. 

It is not within the scope of this study to address the taxonomy chosen for curricula of 

which the researcher has no power over. Bloom’s taxonomy is a well-known taxonomy 

that is used throughout the world, especially in computing education  

(Masapanta-Carrión & Velázquez-Iturbide, 2018:441). There is a revised version of 

Bloom’s taxonomy, but Bloom’s original version is mostly used in computer science 

education (Britto & Usman, 2015:1; Masapanta-Carrión & Velázquez-Iturbide, 2018:442), 

and is also used at the NWU.  
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Bloom’s taxonomy is often used during assessment to measure a student’s reasoning 

skills. Within the School of Computer Science and Information Systems, the moderator’s 

report for summative assessment is based on Bloom’s original taxonomy (NWU, 2019b:3). 

Bloom’s taxonomy comprises three domains, namely the cognitive, affective and 

psychomotor domain (Forehand, 2010:2). Bloom developed levels for the cognitive 

(knowledge, comprehension, application, analysis, synthesis, evaluation) and affective 

(receiving, responding, valuing, organising and characterising) domain, but never for the 

psychomotor domain. Bloom spent most of his efforts on the cognitive domain and as a 

consequence most educators apply the cognitive domain (Britto & Usman, 2015:2). The 

cognitive domain is classified into six levels of complexity (Britto & Usman, 2015:1; 

Forehand, 2010:2): 

• knowledge – recalling facts, terms and basic concepts; 

• comprehension – organising, comparing, translating, interpreting, providing 

descriptions and expressing the overall idea related to a given topic; 

• application – apply knowledge in versatile ways; 

• analysis – identification of motives and causes on a topic in support of generalisation; 

• synthesis – combining different parts to compose a whole; and 

• evaluation – evaluation of quality of information while using a set of criteria. 

Selby (2015:84) maps Bloom’s original taxonomy to the perceived order that programming 

skills (§ 4.4.1) are taught. Table 4.7 maps Bloom’s taxonomy to the order that 

programming skills are taught.  
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Table 4.7: Bloom’s levels of teaching programming, quoted from Selby 

(2015:84) 

Bloom’s taxonomy Programming Skill 

Evaluation Evaluate, test 

Synthesis Create programs, algorithm design 

Analysis 
Abstract, decompose, discriminate 

Application 

Comprehension 
Structures, constructs, facts, types 

Knowledge 

 

It is shown in Table 4.7 that Bloom’s taxonomy is suitable for programming. Computational 

thinking perspectives on teaching programming are discussed next. 

4.4.2.6 Computational thinking perspectives on teaching programming 

In the last decade, reflections on the way we teach have caused a shift from instructor-

centred learning to student-centred learning (Pears et al., 2007:205; 

Robins et al., 2003:156). Traditional lecturing styles have the tendency to place students 

in passive roles (Giannakos et al., 2014:23). Because of the nature of programming, many 

of the teaching approaches focus on a strategy that invokes active learning, probably 

because students remember concepts better when they discover it for themselves 

(Hu & Shepherd, 2013:1).  

Active learning refers to an instructional approach that promotes student engagement 

when learning (Prince, 2004:223). From a constructivist perspective, the classroom should 

incorporate active learning since knowledge is constructed (Grissom, 2013:1; 

Hu & Shepherd, 2013:1; Sorva, 2013:13). Taking constructivism one step further towards 

constructionism implies learning by making, still highlighting the importance of active 

learning (Bers et al., 2014:146). 
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Over the years, many approaches have been developed for the teaching of programming, 

for example Hu and Shepherd (2013:1) suggest using process-oriented guided inquiry 

learning (POGIL). POGIL makes use of specifically designed activities for groups of 

students to discover the content of the course. Lau and Yuen (2009:3772-3774) categorise 

teaching programming approaches into seven main categories (structured programming-

, problem solving-, software development-, small programming-, language teaching-, 

learning theory- and other approaches), while Pears et al. (2007:207) identified language 

teaching-, code reproduction- and problem-solving approaches as most prominent in 

literature.  

Boyer et al. (2008:90) view teaching programming as teaching students strategies to 

analyse requirements, creating and implementing a solution algorithm in a programming 

language and the evaluation of correctness, including factual knowledge as well as 

programming skills. A constructivist view focuses on viable mental model construction, 

which was shown to be a major concern in the previous section.  

Computational thinking provides a problem-solving framework within a programming 

course to solve authentic problems, and programming, in turn, cultivates computational 

thinking skills (Li, 2016:3). In this study, a computational thinking instructional approach is 

followed. The skills learned in computational thinking are similar to that learned in 

programming and assessed using Bloom’s taxonomy. A mapping follows of the similarities 

between Bloom’s taxonomy for learning, programming skills and computational thinking 

skills in Table 4.8.   
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Table 4.8: Mapping programming skills and cognitive processes to 

computational thinking facets 

Computational 
thinking facets 

(Shute et al., 2017:12) 

Programming skills used 
(Selby, 2015:84) 

Bloom’s taxonomy, cognitive 
processes involved 

(Britto & Usman, 2015:2) 

Generalisation 

Constructs; facts; types; 
constructs; discriminate; 
decompose; abstract; create 
programs; algorithm design; test; 
and evaluate 

Understand; analyse; apply; 
create; and evaluate 

Iteration 
Create programs; algorithm 
design; 
evaluate; and test 

Evaluate and create 

Debugging Evaluate and test Evaluate  

Algorithms Create programs and algorithm 
design 

Analyse and apply 
 

Abstraction  Abstract; decompose; and 
discriminate Understand; apply; and analyse 

Decomposition Structures; constructs; facts; and 
types 

Remember; understand; and 
analyse 

 

Generalisation (Table 4.8) is a high-order computational cognitive skill to be mastered only 

when all the others have been mastered. When teaching novices to program, the focus 

should be for the novices to acquire most of these skills, but generalisation might be a tall 

order. 

Guidelines for a computational thinking approach were provided, including information 

processing activities (§ 4.3.4). Since the computational thinking guidelines focus on 

constructivist principles, Ben-Ari's (2001:68) guidelines for computer science educators 

on the practical application of constructivism will be applied within the information 

processing activity guideline and it requires: 
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• educators to consider the cognitive change desired for students, and plan class 

activities accordingly keeping in mind that just transferring knowledge is not a desirable 

aim; 

• educators to determine the prior knowledge needed to grasp certain concepts, and 

then make sure that students possess this prior knowledge; 

• the educator to present a viable mental model one level beneath the one needed in 

the course to ensure abstraction; 

• facilitation from the educator in order to modify a mental model in the case of students’ 

possession of misconceptions; and 

• students’ individual reflections on errors. Social interaction is very important and 

should be incorporated in the classroom. 

These guidelines are used to inform the instructional design in the next chapter. Learning 

to program in terms of student views, challenges and suggestions is discussed next. 

4.4.3 Learning to program: Student views, challenges and suggestions 

This section covers students’ perspectives on learning to program (§ 4.4.3.1), challenges 

faced by students when learning how to program (§ 4.4.3.2) and possible interventions 

that could be used to address challenges when learning to program (§ 4.4.3.3). 

4.4.3.1 Students’ perspectives on learning to program 

In a phenomenographic study, Bruce et al. (2006:148) studied the phenomena of the “act 

of learning to program” from a student’s point of view. Students were interviewed in semi-

structured interviews about their views on the act of learning programming. Although 

Bruce et al. (2006:148) mention that they only had 13 participants in their study and that 

15 to 20 are normally accepted as sufficient in a phenomenography study, they feel that 

their participants provided sufficient insight into their group of surveyed students. 
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In their findings, they categorised what students believed the act of learning to program 

entails. The first category identified is merely ‘following’. In the following category, a 

student just tries to keep up with assignments. This student’s focus is on passing the 

course (Bruce et al., 2006:148). The second category, ‘coding’, views the syntax of the 

programming language as important. This often results in rote learning. The third category, 

‘understanding and integrating’, is a higher form of understanding, where students focus 

on understanding and integrating concepts. This student builds on prior experience. This 

student seeks to understand concepts to enable him/her to integrate it. The fourth category 

is ‘problem-solving’. A student is motivated to learn what is necessary to solve problems. 

A student who views learning to program in this light, analyses the problem and discovers 

what is necessary to solve it. The problem is the starting point. In the fifth category, 

‘participating and enculturation’, a student learns what it takes to form part of the 

programming community. A student realises what thinking it takes to be a programmer, 

but also what a programmer does. A student with this view thinks of programming as a 

culture.  

Bruce et al. (2006:147) talk about the outcome space, which is a depiction of an 

individual’s view of what it is to learn how to program (Figure 4.2). The outcome space 

provides the perceptual boundaries of each of the views as identified above.  

 

 

Figure 4.2: Graphical representation of the outcome space, highlighting the 

expanding horizon of the categories (Bruce et al., 2006:148) 
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Students should move beyond categories 1 (following) and 2 (coding) 

(Bruce et al., 2006:148). The categories are summarised in Table 4.9 with the aim of 

comparing it to another study in Table 4.10. 

In a similar phenomenographic study, first-year object-oriented programming students 

were interviewed to get their views on what they thought learning means and involves in 

a programming course (Eckerdal et al., 2005:137). Five categories were identified, each 

building on the previous one, and can be summarised as learning to program in a specific 

programming language, a way of thinking, to understand how computer applications work, 

method of thinking, and learning skills to be applied outside the course and are listed in 

Table 4.10 (Eckerdal et al., 2005:137). The table headings were inspired by the study of 

Bruce et al. (2006).  

Eckerdal et al. (2005) focus on two of these categories; the first, a way of thinking; and 

secondly, a method of thinking (Eckerdal et al., 2005:137). The term programming thinking 

is used to express the meaning of learning to program (Eckerdal et al., 2005:137). A large 

portion of the participants in this study highlighted that the thinking process when learning 

to program is something specific, an ability required to be able to program, and from there 

the term “programming thinking” (Eckerdal et al., 2005:137). When the participants were 

asked to elaborate on what they think programming thinking requires, they seemed to 

have trouble defining or describing the process, some even called it “magic”. The 

participants’ responses were summarised as having a basic understanding of the 

programming language (first category), but additionally having an understanding of the 

logical concepts needed (Eckerdal et al., 2005:138). In the fourth category, the focus is on 

problem-solving when learning to program (Eckerdal et al., 2005:139). The key difference 

between the two categories being that the students describing category 2 only knew that 

a special way of thinking is a requirement to learn how to program, and students describing 

category 4 realised that a systematic way of thinking applying problem-solving skills was 

needed to learn how to program (Eckerdal et al., 2005:140). It was also noted that the 

students in category 2 were confused about programming (Eckerdal et al., 2005:140).  
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Table 4.9: Categorising students’ perceptions about learning to program, summarised from 

Bruce et al. (2006:314) 

Categories Learning approaches Way of seeing 
programming Learning the language Students perceptual 

boundary 

Following Trying to keep up with the 
tasks is most important. 

A task to complete in order 
to pass the course. Not clear. 

Focuses on the completion 
of tasks to complete the 
course. 

Coding 

Try out pieces of code. Trial 
and error approach. They 
feel that time is wasted. 
Focused on syntax. 

The ability to write 
programs with a specific 
syntax. 

Learning the syntax. The programming 
language. 

Understand & 
integrate 

Learn to write programs by 
understanding and 
integrating concepts. Adopt 
approaches that help them 
understand concepts. 

View programs as syntax, 
concepts and code 
combined to form a 
program. 

Focus on the structure and 
logic of the language. Programs and concepts. 

Problem-solving 
Learning to do what it takes 
to solve the problems at 
hand.  

Focus on the utility of 
programs. 

Problem is the starting 
point, the coding is used to 
solve the problem, not the 
focus. Apply knowledge 
about other languages. 

View the concepts as 
important, not the 
programs. 

Participating/ 
enculturation 

Grasping the meaning of 
being part of programming 
community, their way of 
thinking. 

They see the bigger 
picture.  Look beyond 
studies and institution 
towards employment etc. 

View programming as a 
culture. 

They want to understand 
more than the syntax, they 
need to know the context. 
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Table 4.10: Categorising students’ perceptions about “Programming Thinking” quoted from 

Eckerdal et al. (2005:137) 

Category Learning approaches Way of seeing 
programming 

Learning the 
language 

Students’ perceptual 
boundary 

Programming 
language 

Learning to program is experienced as to 
understand some programming language, 
and to use it for writing program texts. 

Focusing on getting to 
know the syntax of the 
language. 

Learning the syntax The programming 
language 

A way of 
thinking 

As above, and in addition, learning to 
program is experienced as learning a way of 
thinking, which is experienced to be difficult 
to capture, and which is understood to be 
aligned with the programming language. 

One needs to think in a 
certain way. 

Learning the syntax 
as well as thinking in a 
certain way 

Programming 
language and logical 
thinking 

Understand 
how 
programs 
work 

As above, and in addition, learning to 
program is experienced as to gain 
understanding of computer programs as they 
appear in everyday life. 

Making a vague 
connection between the 
programs they 
encounter every day, 
e.g. an ATM and 
programs that they 
write. 

Same as above but 
also understanding 
the usefulness of it 

The end product 

A method of 
thinking 

As above, with the difference that learning to 
program is experienced as learning a way of 
thinking that enables problem-solving, and 
which is experienced as a “method” of 
thinking. 

Problem-solving, using 
programming with the 
end goal (above) in 
mind within or outside 
course context.  

Solving a real world 
problem using 
programming 

Understanding 
concepts 

Skills applied 
outside of 
course 

As above, and in addition, learning to 
program is experienced as learning a skill 
that can be used outside the programming 
course. 

A skill that they need to 
use in future. 

The language is not 
important, rather the 
problem solving skills 
and concepts 

Understanding 
concepts beyond the 
programming 
language 
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Although the categories have different names, there were similarities in the categories of 

the two studies. Following and coding (Bruce et al., 2006:314) combined is very similar to 

the programming language category (Eckerdal et al., 2005:137). Understand and integrate 

and problem-solving (Bruce et al., 2006:314) are similar to the a method of thinking 

category (Eckerdal et al., 2005:137); and lastly, the participating/enculturation and skills 

applied outside course (Bruce et al., 2006:314) are similar (Eckerdal et al., 2005:137).  

These studies highlight the fact that students have differing levels of understanding in the 

same programming course, and that the level of understanding will change during the 

course as their understanding increases (Bruce et al., 2006:318; 

Eckerdal et al., 2005:141). A summary of the learning stages, as given by 

Bruce et al. (2006) and Eckerdal et al. (2005), is provided in Table 4.11 using 

Bruce et al.'s (2006) category descriptions.  

Table 4.11: Categorising students’ perceptions about programming thinking 

Categories Eckerdal et al. (2005:137) Bruce et al. (2006:314) 

Following 
Learning to program is experienced as to 
understand some programming language, and 
to use it for writing program texts. 

Trying to keep up with the 
tasks is most important. 

Coding 

As above, and in addition, learning to program 
is experienced as learning a way of thinking, 
which is experienced to be difficult to capture, 
and which is understood to be aligned with the 
programming language. 

Try out pieces of code. Trial 
and error approach. They 
feel that time is wasted. 
Focused on syntax. 

Understand 
& integrate 

As above, and in addition, learning to program 
is experienced as to gain understanding of 
computer programs as they appear in everyday 
life. 

Learn to write programs by 
understanding and 
integrating concepts. Adopt 
approaches that help them 
understand concepts. 

Problem-
solving 

As above, with the difference that learning to 
program is experienced as learning a way of 
thinking which enables problem solving, and 
which is experienced as a “method” of thinking. 

Learning to do what it takes 
to solve the problems at 
hand.  

Participating/  
enculturation 

As above, and in addition, learning to program 
is experienced as learning a skill that can be 
used outside the programming course. 

Grasping the meaning of 
being part of a programming 
community, their way of 
thinking. 
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In introductory programming courses, students are expected to write complete programs, 

which falls within the top two categories of Bloom’s taxonomy (Meerbaum-

Salan et al., 2013:72), which depend on the first four categories 

(Barlow-Jones & Van Der Westhuizen,2017:210). Barlow-Jones and Van Der 

Westhuizen (2017:210) argue that an introductory programming course might be too 

difficult too early, while students (novice programmers) are still having difficulty with lower 

levels in the taxonomy.  

The discussion above leads to the next important question and discussion: 

“Where would we like our students to be at in an introductory programming course?” 

Eckerdal et al. (2005:140) are adamant that programming students need to reach category 

4 (Table 4.10), where “to program is experienced as learning a way of thinking which 

enables problem solving, and which is experienced as a ‘method’ of thinking”. Students 

who experience learning to program through problem-solving can apply concepts learned 

from one course/programming language to another programming language 

(Bruce et al., 2006:314; Pears et al., 2007:207). This refers to near transfer, as discussed 

by Palumbo (1990:70). 

4.4.3.2 Challenges faced when learning to program 

Studies about how students learn are endless, and it has been recorded many times that 

learning to program is a challenge for students (Govender et al., 2014:187; 

Matthews et al., 2012:293; Robins et al., 2003:137). Learning to program is very complex, 

Giannakopoulos (2017:227) even calls programming a wicked subject, because it is 

difficult to solve programming problems. Muller and Haberman (2009) found that students 

in a computer science course had major problem-solving issues.  

Decomposition of problems and the development of solutions were problematic. Muller 

and Haberman (2009) implemented an additional course with a focus on algorithm 

development and problem-solving skills running in parallel with the CS 1 course. Barlow-

Jones and Van Der Westhuizen (2017) recommended that more problem-solving skills be 
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integrated into curricula. Shavelson et al. (2005:415) state that the process of learning 

includes cognition, motivation and emotion. Cognition or metacognition 

(Veenman et al., 2006:4) includes declarative- (knowing that), procedural- (knowing how), 

schematic- (knowing why) and strategic knowledge (knowing where, when and how) 

(Shavelson et al., 2005:415). Giannakopoulos (2017:233) says that in programming 

specifically, conceptual knowledge needs to be added to the list mentioned above, 

because it can be seen as a network of knowledge, highlighting the relationships between 

the different types of knowledge.  

Qian and Lehman (2017:4) categorise programming knowledge into syntactic-, 

conceptual- and strategic knowledge. Syntactic knowledge refers to specific programming 

language constructs and rules such as semicolons and brackets. Conceptual knowledge 

refers to programming constructs, for example if-statements and loops. Strategic 

knowledge refers to knowing why and how to apply syntactic and conceptual knowledge. 

Learning to program promotes cognitive changes in terms of syntactic-, conceptual- and 

strategic knowledge (Qian & Lehman, 2017:4).  

Misconceptions are formed when a student has flaws in his/her conceptual understanding. 

Factors contributing to misconceptions include task complexity and cognitive load, natural 

language, math knowledge, non-viable mental models, inadequate patterns and 

strategies, environmental factors and teachers’ instruction and knowledge. 

Task complexity and cognitive load play a major role in the abstraction process when 

learning to program (§ 4.4.1.4). Tasks dealing with different levels of abstraction can pose 

a challenge when a complex task is given and a high cognitive load is required (Muller et 

al., 2007:151). When new concepts are presented on a specific abstraction level, students 

tend to work on a lower level of abstraction than is needed to cope with the new concept 

(Hazzan, 2003:95). Task complexity can lead to unnecessary syntactical mistakes 

(Sanders & Thomas, 2007:168). 

Natural language can pose certain difficulties when learning to program. Programming 

languages are based on natural language and misconceptions can occur when a term in 
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natural language does not match the scientific meaning of the term in the programming 

language (Qian & Lehman, 2017:4). An example could be that a student believes that an 

if-statement only executes when the Boolean condition is true (Qian & Lehman, 2017:4). 

It is also worthy to note that programming is based on English; therefore, students with 

other native languages might find it increasingly difficult to learn how to program 

(Qian & Lehman, 2017:4). 

Math knowledge is closely related to problem-solving skills, and abstraction used in 

mathematics is similar to abstraction used in programming  

(Barlow-Jones & Van Der Westhuizen, 2017:215; Owolabi et al., 2018:109; 

Pears et al., 2007:207). Hazzan (2003:95) shows how mathematically-based theories are 

applicable to the process of finding out how students understand programming concepts. 

Barlow-Jones and Van Der Westhuizen's (2017:215) study revealed that a correlation 

exists between students’ logical-, numerical- and verbal reasoning abilities and 

programming performance. Their logical aptitude test included sequence recognition and 

problem-solving, the numerical reasoning aptitude test included mathematical problems, 

and the verbal reasoning aptitude test included puzzles that focused on logical, analytical 

and numerical skills (Barlow-Jones & Van Der Westhuizen, 2017:215).  

Non-viable mental models cause misconceptions and difficulties for novice programmers 

(Bayman & Mayer, 1983:667; Kinnunen & Simon, 2012:97; Lahtinen et al., 2005:14; 

Robins et al., 2003:139). The teaching of programming tends to lean towards learning by 

doing, in other words active learning (Grissom, 2013:1; Hu & Shepherd, 2013:1; 

Sorva, 2013:13). The actual learning takes place through the interaction with prior 

knowledge and new experiences (Sorva, 2013:13). When learning takes place, mental 

models are formed about the new concepts learned. It is important to remember that not 

everyone learns in the same way.  

Mental models are knowledge that people possess prior to a task or acquire when 

performing a specific task (Reddy et al., 2005:1051). Each student’s mental model will be 

unique, but when a student’s model does not represent scientific knowledge, a student 
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typically has a misconception (Ben-Ari, 2001:46; Lui et al., 2004:74). Syntactical errors 

are easy to fix, such as a forgotten semi-colon or a bracket, but in contrast, misconceptions 

that stem from a non-viable mental model are complex and difficult to change 

(Qian & Lehman, 2017:4).  

Lecturers play a large role in non-viable mental models and should be able to identify 

signs of misconceptions early and correct them so that students are able to form viable 

models (Sorva, 2007:134). It is important to note that according to constructivism, 

knowledge will be constructed based on previous experience. 

Inadequate patterns and strategies also contribute to misconceptions and difficulties 

experienced when learning to program. If a student has good syntactical and conceptual 

knowledge, it is not certain that the student will have sufficient strategic knowledge (Qian & 

Lehman, 2017:5). Metacognition uses neo-Pagetian theory, which states that all people, 

regardless of age, progress in their abstraction abilities as the individual gains expertise 

(Lister, 2011:10).  

Lister (2011:10) proposes four stages of cognitive development for novice programmers 

based on Piaget’s cognitive stages. The stages include sensorimotor, preoperational, 

concrete operational and formal operational. Novices at the sensorimotor stage have 

limited programming knowledge and have difficulty tracing a short program (Qian & 

Lehman, 2017:5). Novices at the preoperational stage form limited abstractions and 

cannot determine relationships between objects (Lister, 2011:10). Novices at the concrete 

operational stage can make abstractions limited to familiar situations. Novices at the 

formal operational stage can reason logically, consistently and systematically 

(Lister, 2011:10). Neo-Pagetian theorists believe that the cognitive load decreases as an 

individual progresses through the different stages (Lister, 2011:10). These are natural 

stages that a novice programmer goes through. 

Environmental factors such as programming language features and programming 

environment could pose its own challenges when learning to program. For example, 

uninformative error messages such  as “cannot find symbol” make it difficult for novices to 



 

141 | C h a p t e r  4 :   C o g n i t i v i s t  p e r s p e c t i v e s  i n  l e a r n i n g  t o    
                    p r o g r a m  
 

find the error (Becker et al., 2016:150). Novices might also have difficulties when using 

debugging tools in certain programming languages (Qian & Lehman, 2017:5). 

Teachers’ instruction and knowledge contribute towards the misconceptions and 

difficulties faced by novices. Educators’ poor content knowledge can result in poor mental 

construction in terms of inappropriate analogies and metaphors used 

(Qian & Lehman, 2017:7). Educators who lacks knowledge on concepts often teach rules 

instead of reasons, creating a lack of understanding among students 

(Qian & Lehman, 2017:7).  

Teaching the “how to” process to a novice programmer is vitally important as well as letting 

them know that getting stuck and making mistakes are all part of the programming 

process, which even experts go through (Caspersen & Kolling, 2009:3). Students’ 

strategies for learning together with instructor teaching style and effort play a substantial 

role in teaching and learning of programming (Hawi, 2010:1133). 

In conclusion, students have misconceptions and experience difficulties when learning to 

program because of: 

• poor problem-solving skills (Govender et al., 2014:187; Havenga et al., 2013:5; 

Rahim et al., 2018:41; Saeli et al., 2011:80; Veerasamy et al., 2019:255); 

• task complexity and cognitive load (Hazzan, 2003:95; Qian & Lehman, 2017:5; 

Sanders & Thomas, 2007:168); 

• natural language (Qian & Lehman, 2017:5); 

• poor abstraction ability (math ability, inadequate strategies and patterns) 

(Hazzan, 2003:95; Lister, 2011:10; Owolabi et al., 2018:109; Qian & Lehman, 2017:5); 

• poorly constructed mental models (Ma et al., 2008:346; Qian & Lehman, 2017:5; 

Rahim et al., 2018:43);  
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• environmental factors (Becker et al., 2016:150; Qian & Lehman, 2017:5); and 

• lecturers’ instruction and knowledge (Qian & Lehman, 2017:5). 

These challenges will inform the instructional design in the first AR cycle, possibly using 

suggested interventions as given in the next section. 

4.4.3.3 Possible interventions for challenges faced by students when learning to 

program  

Possible interventions for the challenges that students may encounter when learning to 

program (§ 4.4.3.2) are listed in Table 4.12. Active learning forms an integral part of 

constructivism and constructionism (Bers et al., 2014:146; Grissom, 2013:1; 

Hu & Shepherd, 2013:1; Sorva, 2013:13). Active learning, simply referring to the 

introduction of student activities within the lectures with the aim of promoting student 

engagement, can significantly improve retention rates and engagement 

(Prince, 2004:223).  

The possible interventions’ purposes, listed in Table 4.12, are three-fold: 1) all incorporate 

active learning as intended within constructivism and constructionism in some form, with 

the aim to improve engagement; 2) every intervention aims to address multiple challenges 

faced by students when learning to program (§ 4.4.3.2); and 3) every intervention 

addresses computational thinking skills. 
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Table 4.12: Possible interventions for challenges faced by students when learning to program 
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semester test, other 
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abstraction ability; 
task complexity 
and cognitive 
load; and natural 
language 

Decomposition; 
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X  X      X     

PI2: Tutorial 
videos 

Tutorial videos 
(discover content 
for themselves, 
active learning) 
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models; poor 
abstraction ability; 
and task 
complexity and 
cognitive load 

Abstraction 
 

 
 X  X X        X 
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Table 4.12: Possible interventions for challenges faced by students when learning to program (continued) 
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PI3: Prepare 
before class 

Prepare unit of 
work before-hand 
(discover for 
themselves, active 
learning) 

Non-viable mental 
models; poor 
abstraction ability; 
and task 
complexity and 
cognitive load 

Decomposition; 
abstraction; 
algorithms; 
debugging; and 
iteration 

    X        X 

PI4: Cheat-
sheets 

Cheat-sheets 
(active learning) 

Non-viable mental 
models; poor 
abstraction ability; 
and task 
complexity and 
cognitive load 

Decomposition; 
abstraction; 
algorithms; 
debugging; and 
iteration 

     X     X   
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Table 4.12: Possible interventions for challenges faced by students when learning to program (continued) 
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PI5: Peer 
assisted 
learning 

Peer-assisted 
learning e.g. 
supplemental 
instruction and 
assistants. 

Non-viable mental 
models; poor 
abstraction ability; task 
complexity and 
cognitive load; 
environmental factors; 
and natural language. 

Decomposition; 
abstraction; 
algorithms; 
debugging; iteration; 
and generalisation. 

       X  X    

PI6: Pair 
programming 

Pair 
programming. 

Non-viable mental 
models; poor 
abstraction ability; task 
complexity and 
cognitive load; 
environmental factors; 
and natural language. 

Decomposition; 
abstraction; 
algorithms; 
debugging; iteration; 
and generalization. 

      X X    X  
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4.5 Applications for this study 

A constructionist instructional approach (PSLE) deeply rooted within constructivism is 

used in order to foster computational thinking skills within the programming classroom, as 

suggested by Lye and Koh (2014:59). The components of the PSLE include authentic 

problems, information processing activities, scaffolding and reflection.  

Guidelines were provided for teaching programming in a constructivist environment (§ 

4.4.2.6). These guidelines are followed as part of information processing in computational 

thinking. Table 4.13 therefore lists guidelines to improve information processing of a 

student as part of computational thinking. 

Table 4.13: Constructivist guidelines to improve information processing of 
students, summarised from Ben-Ari (2001:68) 

Guidelines 
Consider the desired cognitive change for students, plan accordingly (mere knowledge transfer 
is not sufficient). 

Determine prior knowledge needed and address shortcomings. 

Present viable mental models at a suitable level to ensure abstraction. 

Facilitate the process of modifying non-viable mental models. 

Ensure individual reflection & social interaction. 
 

Within this chapter, challenges students face when learning to program were identified as: 

• Poor problem-solving skills (Govender et al., 2014:187; Havenga et al., 2013:5; 

Rahim et al., 2018:41; Saeli et al., 2011:80; Veerasamy et al., 2019:255); 

• Task complexity and cognitive load (Hazzan, 2003:95; Qian & Lehman, 2017:5; 

Sanders & Thomas, 2007:168); 

• Natural language (Qian & Lehman, 2017:5); 
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• Poor abstraction ability (math ability, inadequate strategies and patterns) 

(Hazzan, 2003:95; Lister, 2011:10; Owolabi et al., 2018:109; Qian & Lehman, 2017:5); 

• Poorly constructed mental models (Ma et al., 2008:346; Qian & Lehman, 2017:5; 

Rahim et al., 2018:43); 

• Environmental factors (Becker et al., 2016:150; Qian & Lehman, 2017:5); and 

• Lecturers’ instruction and knowledge (Qian & Lehman, 2017:5). 

Table 4.14 provides a mapping between the challenges faced by students to learn how to 

program and the PSLE that is followed. 

Table 4.14: Addressing learning to program challenges within computational 
thinking (PSLE) 

PSLE guideline Problems to be addressed as in literature 
PSLE1: Authentic 
problems Problem-solving, task complexity and cognitive load 

PSLE2: Information 
processing 

Problem-solving, task complexity and cognitive load, natural 
language, mental models, abstraction, cognitive levels of 
understanding 

PSLE3: Scaffolding Abstraction, problem-solving, task complexity and cognitive load, 
mental models 

PSLE4: Reflection Cognitive levels of understanding, mental models, abstraction 
Computational thinking will be used within the AR cycles to address the difficulties faced 

when learning to program. 

4.6 Summary 

This chapter discussed constructivism leading to constructionism as a framework of ideas 

for programming education. The definitions and development of both constructivism and 

constructionism were discussed. Active learning forms an integral part of both 

constructivism (learn by doing) and constructivism (learn by making). 
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Computational thinking as a methodology was introduced and explained. The definition of 

computational thinking for this study was provided along with the components of 

computational thinking. An instructional approach (PSLE) was given promoting 

computational thinking skills.  

A discussion on programming education as the area of application for this study followed 

computational thinking as methodology. Computational thinking skills in relation to 

programming skills were also discussed. An overview was provided of general education 

strategies.  

Learning to program is a challenge for many students; therefore, the students’ 

perspectives on learning to program and challenges faced by students when learning to 

program were provided along with possible interventions that could possibly address the 

identified challenges and promote certain computational thinking skills. 

In the next chapter, the various phases of the first cycle of the AR are discussed. The 

literature done in this chapter serves as an initial point of investigation in the following 

chapter. 
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CHAPTER 5: ACTION RESEARCH CYCLE 1 

5.1 Introduction 

The primary objective of this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective, is used to develop the potential of the students and to develop 

an instructional design for user interface programming. In this chapter, the first AR cycle, 

aimed at improving the programming skills of UIP students, is presented. In order for the 

reader to understand the context of the area of application, details of the programme, 

course and students are provided (§ 5.2). In the diagnosis phase of the current cycle, 

difficulties experienced when learning to program as identified in literature (Chapter 4) are 

revisited (§ 5.3). An intervention plan is formulated within a PSLE-inspired (§ 4.3.4) 

instructional approach, which promotes computational thinking (§ 5.4). The intervention 

plan is executed in the action taking phase (§ 5.5), followed by an evaluation of the 

success thereof. The conditioned realities of those involved and affected are analysed 

(§ 5.6) in order to suggest changes for the second iteration. Finally, learning is specified 

in terms of guidelines to improve the programming skills of students using computational 

thinking skills following the principles of a critical systems approach (§ 5.7).  

This AR cycle is summarised in Table 5.1, also indicating the link between the Kantian 

interest for reason (§ 3.3.7). The diagnosis phase, which is linked to the Kantian interest 

of reason, “What can I know?”, focuses on improving the programming skills of students 

by identifying possible difficulties that students might experience as discussed in literature 

(Chapter 4).  
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Table 5.1: Summary of the first AR cycle 

Phase Linked to Kantian 
interest of reason Action: UIP 2 

Diagnosis What can I know? 
Difficulties to be addressed (Chapter 4) in order 
to improve the programming skills of students 

Planning 
intervention What can I do? 

Plan interventions based on a computational 
thinking teaching approach (PSLE) – Chapter 4 

Taking action Implement action plan 

Evaluation What can I hope? 
Learn from critical systems (Ulrich) inspired 
interviews 

Specify learning  
Reflect on conditioned views based on critical 
systems-inspired (Ulrich) interviews by revising 
and adapting guidelines 

 

Planning the intervention and taking action are linked to the Kantian interest of reason, 

“What can I do?”, and therefore an intervention plan is formulated within a PSLE-inspired 

(§ 4.3.4) instructional approach that promotes computational thinking, and this plan is 

executed. The evaluation phase is linked to the Kantian interest of reason, “What can I 

hope?”, which uses CSH-inspired interviews to move towards the totality of conditioned 

realities. 

5.2 Context of the area of application 

The area of application is a UIP course within a Bachelor of Science in Information 

Technology (BSc IT) degree programme at the North-West University (NWU) in South 

Africa. The NWU consists of three campuses across South Africa, i.e. Potchefstroom, 

Vanderbijlpark and Mafikeng (NWU, 2020).  

As part of the empirical portion of this study, AR cycles are now completed involving UIP 

1 and UIP 2. Cycle 1, cycle 2, and cycle 4 involves UIP 2. Cycle 3 involves UIP 1. 
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The following sections present the context of the area of application in terms of 

demographic information, the BSc IT programme, user interface courses, assessment and 

the learning management system used at the NWU. 

5.2.1 Demographical information 

This study aims to improve the programming of programming students studying BSc IT at 

the NWU Vaal Triangle Campus, which is situated approximately 100 kilometres from 

Johannesburg in Vanderbijlpark. Vanderbijlpark is a semi-urban environment surrounded 

by informal settlements. Students enrolled at the Vanderbijlpark campus live in urban 

homes, informal settlements and campus residences. The students normally enrol for the 

BSc IT programme when they are 18 years of age and have finished their secondary 

school education (grade 12).  

The majority of students apply and study with government funding, because the masses 

cannot afford to study (Matukane & Bronkhorst, 2017: 17). Because of a high poverty rate, 

many students do not own their own computers. Government funding also provides 

allowances for food and textbooks apart from tuition fees (NSFAS, 2020). Unfortunately, 

not all students use the money for textbooks. 

South Africa has a diverse culture and students at the Vanderbijlpark Campus represent 

various cultures (NWU, 2020b: 2) which implies that students study in their second 

language. Students cannot articulate their opinions well in a second language. The cultural 

differences between students as well as students and lecturers pose some challenges 

(Nhlapo, 2012: 115); for example, showing respect in black South African culture implies 

not making eye contact. 

5.2.2 Bachelor of Science in Information Technology Programme 

The BSc IT programme is presented over a three- and a four-year period. The difference 

between the three- and four-year programme is the admission requirements. A 

prospective student requires a certain grade 12 academic performance scale (APS) as 

well as a Mathematics mark on level 4 (50-59%) to adhere to the admission requirements 
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for the three-year programme (NWU, 2020c). The four-year BSc IT programme is an 

extended programme for prospective students who do not adhere to the APS or 

Mathematics score for the three-year programme. A Mathematics score on level 3 (40-

49%) is required for the extended programme. The extended programme includes an 

additional year with additional courses, including Mathematics, Algorithms and 

Introductory Programming. After completion of the programme, students who exit this 

programme are likely to become software developers.  

The BSc IT programme is presented at the Potchefstroom campus and at the 

Vanderbijlpark campus. This study focusses on the BSc IT students enrolled at the 

Vanderbijlpark campus. The BSc IT programme has four main streams, namely the 

Information Systems stream (including systems analysis and design, databases), 

programming stream (introduction to programming in parallel with user interface 

programming, technical programming leading towards data structures and algorithms), 

decision support stream (data visualisation, decision support systems), and miscellaneous 

computer science courses such as operating systems, networks and artificial intelligence. 

These streams are supported by introductory courses in the first year, including 

Mathematics, Accounting and Business Management. The BSc IT degree programme’s 

outcomes, as presented at the NWU, are represented in terms of the following items 

(NWU, 2019a:4): 

• “demonstrate complete and systematic knowledge and application skills of at least one 

modern relevant programming language, phases of a relevant system development 

life cycle (SDLC), database techniques and technologies, IT project planning and 

management techniques, and human-computer interfaces to be able to contribute in 

a professional and ethical manner and in accordance with modern acceptable 

methodologies to the design, development and delivery of computerised systems 

according to business needs and principles; 

• have knowledge and understanding of the value of information in enterprises and of 

the technical functioning and processing of information sources and related facilities 

to collect, analyse, process, integrate and logically evaluate information with the help 
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of applicable multidisciplinary concepts, structures, models, theories, principles and 

research methods to make a meaningful contribution to strategic decision-making and 

management of information and information sources; 

• be able to solve, through in-depth, practice-oriented knowledge of and insight into the 

field of Information Technology (IT) as an individual and as member or leader of a 

team, IT-related problems alongside approaches and techniques of other applicable 

disciplines of computer science and information systems in particular as well as 

through applicable statistical and mathematical techniques, and to 

communicate/demonstrate these solutions by means of developed systems and 

theory-driven oral and written arguments to an audience of peers with appropriate 

media; 

• realise the necessity to ensure continued competence and to stay at the forefront of 

the latest technology and techniques, and to be able to go stay involved through 

established and well-developed learning skills as lifelong learner; and 

• understand the process and role of entrepreneurship and identify, create and realise 

opportunities in practice as information technologist.” 

The user interface courses used in this study are discussed next. 

5.2.3 User interface programming courses for this study  

The area of application for this study refers to a UIP course in the second year of study 

for a semester (duration of six months), which is referred to as UIP 2 (User Interface 

Programming 2). The prerequisite course for UIP 2 is UIP in the first year of study, which 

is referred to as UIP 1. Both UIP courses are presented on two of the three campuses of 

the NWU, and should be aligned in terms of contact session duration, course content and 

examinations that form part of the programming stream. The UIP courses presented at 

the Vanderbijlpark Campus form part of the area of application for this study. Some of the 

course content changed during the AR cycles for this study, but the changes are outside 

the scope of this study and do not have an impact on the instructional approach followed, 
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student engagement or satisfaction of the students. The assessment strategies, content 

and outcomes are provided next for both courses.  

5.2.3.1 User interface programming one (UIP 1) 

The outcomes for UIP 1 upon successful completion in the first year of study are listed as 

(NWU, 2019c:3): 

• “write a computer program that demonstrates that the student mastered a thorough 

knowledge of, and skill in the underlying principles, methods and the application of 

computer programming; 

• identify problems, analyse and evaluate them and propose solutions through the 

design and development of applications with the emphasis on user-friendly interfaces; 

• demonstrate aspects such as graphical interface design using HCI principles, event-

driven programming and incorporating databases in the GUI. 

• demonstrate sufficient fundamental knowledge of and insight into the graphic interface 

environment to develop computerised systems in a visual object-based computer 

language; and 

• demonstrate the ability to implement repetitive, conditional and sequential structures.” 

Reflecting on the contribution of the course outcomes towards reaching the course 

outcomes, it is clear that the outcomes of this course are directly linked to the outcomes 

of the BSc IT programme.  

For example, reaching the outcomes for UIP 1 contributes to the first outcome of the 

programme, which stipulates that a student should be able to “demonstrate complete and 

systematic knowledge and application skills of at least one modern relevant programming 

language, phases of a relevant system development life cycle (SDLC), database 

techniques and technologies, IT project planning and management techniques, and 

human-computer interfaces to be able to contribute in a professional and ethical manner 
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and in accordance with modern acceptable methodologies to the design, development 

and delivery of computerised systems according to business needs and principles”.  

Furthermore, the second and third outcomes for this course focus on delivering user 

interfaces according to human computer interaction principles, which correlates with the 

first outcome of the programme about the ethical and professional deliverance of human-

computer interfaces. Additionally, reaching the third outcome for this course also 

contributes towards the first outcome for the programme regarding the demonstration of 

database knowledge and techniques.  

The fifth outcome for this course, namely, the demonstration of knowledge and application 

of programming structures, contributes towards the second outcome of the programme, 

which requires a student to demonstrate the effective application of processing “with the 

help of applicable multidisciplinary concepts, structures, models, theories, principles and 

research methods to make a meaningful contribution to strategic decision-making and 

management of information and information sources in the use of programming structures 

and principles”. 

The course content for UIP 1 is given in Table 5.2 in order to reach the outcomes listed 

above. The course is structured into units of study that are referred to as study units. The 

course consists of eight study units. 

Table 5.2: Course content per study unit for UIP 1 

Study unit 
(SU) Description per Study unit 

SU 1 Introduction to programming and user interfaces 

SU 2 Visual C# and human computer interaction (HCI) (Theory relating to HCI principles) 

SU 3 
Processing data (Reading input with textbox controls; understand variables; perform 
calculations; format numeric output; exception handling; named constants; declaring 
fields; Math class; fine-tuning the GUI; and using the debugger) 

SU 4 
Making decisions (if, if-else; nested decision statement; understand equality; 
relational and logical operators with conditional expressions with bool values; switch 
statements; radio buttons; and list boxes) 
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Table 5.2: Course content per study unit for UIP 1 (continued) 

Study unit 
(SU) Description per Study unit 

SU 5 
Loops, files and random numbers (While loops, ++ and – operators; for loops; do-
while loops; use files for storage; use OpenFileDialog and SaveFileDialog controls; 
and random numbers and load event handler) 

SU 6 
Modularizing with methods (void methods; passing arguments by value and 
reference; value and non-value returning methods; and debug methods) 

SU 7  Multiform projects (multiple forms in a project and access a control on another form) 

SU 8 
Databases (Distinguish between tables; rows and columns; create a database; use 
DataGridView control; connect to an existing database; use data-bound controls; 
and SQL statements) 

 

The UIP 1 course forms part of cycle 3. The students for cycle 3 include 121 students of 

which 23 students are repeating the course as a result of failing the course in the previous 

academic year. At the end of cycle 3, 19 of the 121 students failed the course. 

5.2.3.2 User interface programming 2 (UIP 2) 

The outcomes for UIP 2 are listed in terms of the following items upon successful 

completion of the course (NWU, 2019a:14): 

• “demonstrate an informed understanding of string handling, file handling, databases, 

data structures and collections as well as the theory of graphical interface 

programming; 

• design systems that are industry-directed and user-friendly and comply with 

professional and ethical codes of behaviour;  

• identify problems, analyse and evaluate them critically and propose solutions through 

the design and development of computer applications with the emphasis on user-

friendly interfaces; and  
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• demonstrate the ability to communicate/demonstrate solutions/programs coherently 

and reliably in a group or individually through making use of appropriate 

academic/professional oral and written argumentation.”. 

Reflecting on the contribution of the course outcomes towards reaching the course 

outcomes, it is clear that the outcomes of this course are directly linked to the outcomes 

of the BSc IT programme. In particular, reaching the outcomes for UIP 2 contributes to the 

first outcome of the programme, which stipulates that a student should be able to 

“demonstrate complete and systematic knowledge and application skills of at least one 

modern relevant programming language, phases of a relevant system development life 

cycle (SDLC), database techniques and technologies, IT project planning and 

management techniques, and human-computer interfaces to be able to contribute in a 

professional and ethical manner and in accordance with modern acceptable 

methodologies to the design, development and delivery of computerised systems 

according to business needs and principles”. Furthermore, the second and third outcomes 

for this course focus on delivering user interfaces according to human computer 

interaction principles, which correlates with the first outcome of the programme about the 

ethical and professional deliverance of human-computer interfaces. Additionally, reaching 

the fourth outcome for this course contributes towards the third outcome for the 

programme regarding the demonstration of the ability to “communicate/demonstrate these 

solutions by means of developed systems and theory-driven oral and written arguments 

to an audience of peers with appropriate media”. 

The course content for UIP 2 is given in Table 5.3 in order to reach the outcomes listed 

above. The course consists of five study units. 
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Table 5.3: Course content per study unit for UIP 2 

Study unit (SU) Description per Study unit 

SU 1 
Arrays (Initialize compile-time arrays; access elements of arrays; methods 
of the Array class; write methods that use parameters as arrays; and write 
user-defined array objects) 

SU 2 
String manipulation, advanced collections & exception handling (predefined 
methods of the String class; queues and stacks; using the debugger; 
exception handling – throw and catch; and try and catch blocks) 

SU 3 
File handling techniques (System.IO namespace; File and Directory 
classes; read; and write and append text files) 

SU 4 
Databases (ADO.NET classes; DataReader; DataSet; DataAdapter and 
TableAdapter classes; and manipulating MS Access database) 

SU 5 
Web applications (Use ASP.NET to create web applications; create and 
configure Web Forms applications; add HTML and Web Forms server 
controls; validation; cookies; and session variables) 

 

Cycle 1, cycle 2 and cycle 4 involves UIP 2. Students for cycles 1 and 2 include 118 

students of which 14 students are repeating the course as a result of failing the course in 

the previous academic year. At the end of cycle 2, 18 students failed the course. In cycle 

4, which is the following academic year, 86 students enrolled. This includes 6 of the 

repeaters, and 2 out of 91 students failed this course. 

5.2.3.3 Assessment 

In terms of assessment, formative and summative assessment is used to measure 

whether a student has reached the outcomes of the course (§ 4.4.2.4). The two courses 

in this study require a student to have a participation mark (PM) of at least 40% for a 

second-year student, and at least 35% for a bona fide first-year student in order to write 

the examination. The PM represents the students’ participation during the semester as 

well as the level of competence displayed in reaching the outcomes for the course. The 

course mark is calculated as 50% of the PM and constitutes the formative assessment 

and 50 % of the examination mark, the summative assessment. 
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5.2.4 Learning management systems used at the NWU: eFundiTM 

The NWU uses a learning management system called eFundiTM that is powered by 

SAKAITM. SAKAITM is a widely-used collaboration and learning environment (CLE) 

developed by an international consortium. It is a free and open source platform that is 

distributed under the Educational Community License (open source license). At the NWU 

the SAKAITM CLE is better known as eFundiTM (Tredoux, 2012:79). eFundiTM is used by 

lecturers and support staff to create course sites. When such a site is created, the students 

who have registered for the relevant course are added to the site automatically. Various 

functionalities are available for selection for each site. The functionalities that are available 

for selection in eFundiTM are given in Table 5.4.  

Table 5.4: Functionality available in eFundiTM adapted from 
(Tredoux, 2012:81) 

Functionality Description 
Home For viewing recent announcements, discussion and chat items 

Announcements For posting current, time-critical information 

Assignments For posting, submitting and grading assignment(s) online 

Drop Box For private file sharing between instructor and student 

Lessons 
For creating content courses and sequences; can be organized 
by week or unit 

Forums Display forums and topics of particular site 

Gradebook 
For storing and computing assessment grades from Tests & 
Quizzes or that are manually entered 

Messages Display messages to/from users of a particular site 

Polls For anonymous polls or voting 

Resources For posting documents, URLs to other websites, etc. 

Schedule For posting and viewing deadlines, events, etc. 

Site Info For showing worksite information and site participants 

Statistics For showing site statistics by user, event or resource of the site 

Tasks, Tests and Surveys For authoring, publishing, delivering and grading assessments 

Checklist  Embedding a checklist on a page 
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Table 5.4: Functionality available in eFundiTM adapted from 
(Tredoux, 2012:81) (continued) 

Functionality Description 
Tests & Quizzes For creating and taking online tests and quizzes 

Padlet (External) 
Embedding a Padlet wall on a page displaying the content of 
the Padlet 

 

The lecturer can add or remove any one of the functionalities when the course site is 

created. Additional functionalities can be added after creation of the course at any time as 

needed.   

Lessons are one of the tools used in the courses mentioned in the previous section. 

Lessons allow the user to set-up pages with logical flow. Each page allows content to be 

added, such as images, text, embedded content, subpages, resource folders, links to 

other tools in eFundiTM (Assignments, Tests & Quizzes etc.), checklist tool, comments tool, 

student content and external tools. Figure 5.1 shows an example of a page within a lesson 

on eFundiTM which is used for UIP 1. 

 

Figure 5.1: Example of a Lessons page within eFundiTM 
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In Figure 5.1, text as well as links to websites and a link to the assignment tool can be 

seen. 

5.2.5 Student support services 

The NWU offers student support services that are available upon request and motivation. 

Two main support services used within this study include the appointment of student 

assistants and supplemental instruction leaders, which are discussed next. 

5.2.5.1 Student assistants 

Class assistants are students who completed the course with distinction, in one year level 

higher than the current students. Assistants get paid to assist in classes. They assist 

during practical sessions to provide more one-on-one help for struggling students. Student 

assistants also help to grade activities and provide feedback. Peer-assisted learning is 

helpful (Ning & Downing, 2010:921; Porter et al., 2013:34).  

5.2.5.2 Supplemental Instruction  

Supplemental instruction (SI) refers to a student from a higher year level presenting 

additional contact sessions on difficult concepts. SI leaders arrange and plan contact 

sessions and are paid per hour to fulfil this role. Studies have shown that SI enhances 

students’ learning (Ning & Downing, 2010:921; Porter et al., 2013:34).  

After establishing a shared understanding of the context of the area of application, focus 

shifts to the empirical part of this study, which is done according to the phases of AR: 

diagnosis, action planning, action taking, evaluation and specifying learning.  

5.3 Diagnosis 

Checkland and Holwell (1998:13) use the FMA model to explore the phases of AR and 

states the importance of declaring the FMA before commencing AR. The framework of 

ideas for programming education is constructivism, leading to constructionism and is used 

to improve the programming skills of students in an UIP course (§ 4.1).   
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The diagnosis of this cycle is based on the findings in Chapter 4. Literature has shown in 

Chapter 4 that learning to program is challenging (Govender et al., 2014:187; 

Matthew  et al., 2012:293; Robins et al., 2003:137). Factors that influence the process of 

learning to program has been identified in Chapter 4, and therefore this study aims to 

improve the programming skills of students through the improvement of the following 

success factors identified in Chapter 4: 

• poor problem-solving skills (Govender et al., 2014:187; Havenga et al., 2013:5; 

Rahim et al., 2018:41; Saeli et al., 2011:80; Veerasamy et al., 2019:255); 

• task complexity and cognitive load (Hazzan, 2003:95; Qian & Lehman, 2017:5; 

Sanders & Thomas, 2007:168); 

• natural language (Qian & Lehman, 2017:5); 

• poor abstraction ability (math ability, inadequate strategies and patterns) 

(Hazzan, 2003:95; Lister, 2011:10; Owolabi et al., 2018:109; Qian & Lehman, 2017:5); 

• poorly constructed mental models (Ma et al., 2008:346; Qian & Lehman, 2017:5; 

Rahim et al., 2018:43); 

• environmental factors (Becker et al., 2016:150; Qian & Lehman, 2017:5); and 

• lecturer’s instruction and knowledge (Qian & Lehman, 2017:5). 

The difficulties when learning to program will be used when planning interventions in order 

to improve the programming skills of students within a UIP course. 

5.4 Planning intervention 

Intervention is planned based on a theoretical framework (Baskerville & Wood-

Harper, 1996:238); therefore, difficulties when learning to program, as identified in 

literature, are addressed by planning an instructional approach based on PSLE 

incorporating possible interventions as listed in Table 5.5 (§ 4.4.3.3, Table 4.12).  
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Table 5.5: Possible interventions for challenges faced by students when learning to program (abbreviated from 

Table 4.12 (§ 4.4.3.3)) 

Reference Possible intervention Addresses the following 
challenge(s) (Chapter 4) 

Promotes the following 
computational thinking skills  

PI1: 
Formative 
assessments 

Formative assessment as reflection/ 
feedback (quizzes, assignments, 
semester test, other reflection 
activities) 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load and natural language 

Decomposition, abstraction, algorithms, 
debugging, and iteration 

PI2: Tutorial 
videos 

Tutorial videos (discover content for 
themselves, active learning) 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Abstraction 

PI3: Prepare 
before class 

Prepare unit of work before-hand 
(discover for themselves, active 
learning) 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Decomposition, abstraction, algorithms, 
debugging and iteration 

PI4: Cheat-
sheets Cheat-sheets (active learning) 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Decomposition, abstraction, algorithms, 
debugging and iteration 

PI5: Peer 
assisted 
learning 

Peer-assisted learning, e.g. 
supplemental instruction and assistants 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load, environmental factors 
and natural language 

Decomposition, abstraction, algorithms, 
debugging, iteration and generalisation 

PI6: Pair 
programming Pair programming 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load, environmental factors 
and natural language 

Decomposition, abstraction, algorithms, 
debugging, iteration  and generalisation 
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The possible interventions listed in Table 5.5, which lists interventions that promote active 

learning as well as computational thinking skills, are abbreviated from Table 4.12. 

Fostering computational thinking skills develops problem-solving skills using programming 

concepts such as abstraction, recursion and repetition to solve authentic problems. 

Computational thinking fosters the “way of thinking” category of 

Eckerdal et al.'s (2005:137) categories of what it means to learn how to program.  

Table 5.6 shows the implementation of computational thinking skills within the course. A 

shortened reference for each PSLE component is provided in order to link it in tables that 

follow in this thesis. The reference IA, in short for instructional approach, along with a 

number, is assigned to each PSLE component. 

Table 5.6: PSLE applied to AR cycle 1 

PSLE 
reference 

Problems to be addressed as in 
literature (Chapter 4) Applied to this study 

PSLE1: 
Authentic 
problems 

Problem-solving, task complexity and 
cognitive load 

Provide students with relatable 
problems/systems that they can 
relate to and envision 

PSLE2: 
Information 
processing 

Problem-solving, task complexity and 
cognitive load, natural language, 
mental models, abstraction, cognitive 
levels of understanding 

Provide enough information 
processing activities (Cognitive 
constructivism). See Table 5.7 

PSLE3: 
Scaffolding 

Abstraction, problem-solving, task 
complexity and cognitive load, mental 
models 

In every practical class, a worked 
example will be completed step-by-
step, building on previous mental 
models 

PSLE4: 
Reflection 

Cognitive levels of understanding, 
mental models, abstraction 

Provide students the opportunity to 
reflect 

PSLE5: 
Miscellaneous 

Environmental factors and lecturer 
knowledge 

Environmental factors cannot be 
addressed within this study; from a 
critical systems perspective, it is 
important to be self-critical and 
identify one’s own shortcomings 

 

From a CST perspective, Churchman refers to the term sweeping in in order to achieve a 

whole systems view (Ulrich & Reynolds, 2010:256). In the process of sweeping in, in the 
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process of learning to program, environmental factors and lecturer knowledge were 

identified in Chapter 4 as part of success factors. These two factors do not form part of 

the original PSLE components, and are therefore listed as a fifth component under 

miscellaneous. 

As shown in Table 5.6, information processing is vital within computational thinking. 

Constructivism deals with cognitive processes, and therefore the guidelines provided by 

Ben-Ari (2001:68) are used to ensure constructivist principles in the process of developing 

mental models as shown in Table 5.7. 

Table 5.7: Constructivist guidelines followed within information processing 

activities in PSLE 

Guidelines Applied to this study 

Decide on desired cognitive 
change for students (mere 
knowledge transfer is not 
sufficient) 

Follow a computational thinking instructional approach 
(PSLE) with interventions aimed at improving mental 
models and problem-solving skills. Plan classes according 
to needs of students. 

Confirm prior knowledge Concept tests (§ 5.4.1) 

Abstraction for course 
Present concepts in an understandable, relatable way. 
Tutorial videos are provided to watch as part of class 
preparation. 

Facilitating the process of 
modifying the mental model During class with the help of class assistants. 

Individual reflection & social 
interaction 

Students can reflect on their own understanding when 
comparing solutions to problems with their own work. 

 

More details regarding the interventions planned for the instructional approach for this 

course are provided next, and are summarised in Table 5.8. 

5.4.1 Student preparation before the contact session 

Within the planned instructional design, various interventions are planned at different 

stages of instruction; for example, before, during and after a contact session. Part of 

student preparation before a contact session, especially on a new study unit, is where a 
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student needs to read a chapter before the class, watch a tutorial video and complete a 

quiz.  

• The students need to read a chapter of the textbook ahead of the first class on that 

specific section to promote computational thinking skills and cognitive information 

processing as mapped in Table 5.8; 

• Tutorial videos form part of preparation. Existing videos available on the Microsoft 

training website are used from time to time in each unit of work. Students have to 

answer questions related to the video’s content on the university learning management 

system called eFundiTM; and 

• Concept tests in this course have various forms. Quizzes, assignments and semester 

tests are used to test concept understanding.  

• Quizzes are given at the start of the first session on a new study unit. This concept 

test therefore tests the students’ initial understanding of the concepts in the particular 

study unit. The concept tests are 10 to 15 minutes in duration, and are in the form of 

short answers, fill in the blank, or multiple-choice questions. eFundiTM is used to set 

up the test and to automatically grade where possible. eFundiTM is used because it 

can provide immediate feedback when there are no interpretive questions that are 

needed for students to reflect on their understanding. Example questions are as 

follows: 

“All arrays, of any type, inherit characteristics from the ____ class, which includes a 

number of predefined methods and properties.” 

Or  

“Given an array declared to hold 100 values, the largest index that can be used with 

the array is: 

(a) Based on what is used when the first value is placed in the array 
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(b) 99 

(c) 100 

(d) Undetermined” 

These activities are given to enhance active learning, authentic problems and information 

processing in preparation for the contact session. Activities during the contact session are 

discussed next. 

5.4.2 Participation during contact session 

During the practical contact session, the lecturer explains concepts and completes an 

activity step-by-step with the students. The example and suggested solution are uploaded 

on the specific study unit’s lessons page on eFundiTM (Figure 5.2). In-class activities that 

are completed by the students following the step-by-step explanation are submitted using 

eFundiTM’s assignments tool (§ 5.2.4). Student assistants are requested, in order to assist 

during the practical contact sessions. 

Reflection/revision activities that follow and build on the contact session is discussed in 

the next section. 

5.4.3 Reflection/revision after contact session 

After the contact session, the following interventions are planned in order to enhance 

reflection:  

• The suggested solutions for the in-class activities are uploaded on the specific study 

unit’s lessons page on eFundiTM (Figure 5.2), but not graded. Students can reflect on 

their understanding when working through the suggested solution; and 

• A homework activity is given after each practical contact session, which is also 

submitted using eFundiTM’s assignments tool (§ 5.2.4) and is not graded. The 

suggested solution is uploaded onto the specific lesson’s page on eFundiTM 

(Figure 5.2). 
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Figure 5.2: A screenshot of a lesson page on the UIP 2 course site on 

eFundiTM 

The interventions in this section are not graded, but there are other interventions that are 

graded in the form of formative and summative assessments that are discussed next. 

5.4.4 Formative assessment 

Formative assessments are planned with the aim to inform students of their current 

understanding and possible misconceptions, which include quizzes, assignments and 

semester tests. 
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• Quizzes before each study unit are graded and contribute towards a student’s PM. All 

six quizzes contribute ten percent towards the PM of a student; 

• Assignments are given with the aim to incorporate all concepts learned within a study 

unit. Assignments have the advantage of creating an authentic problem that is 

relatable to students. Students have a week or two to complete their assignments with 

all resources available. Assignments are individual with the aim of developing the skills 

for near and specific transfer (§ 4.4.1.8)(Palumbo, 1990:72), as well as specific 

computational thinking skills as indicated in Table 5.8. Five assignments are given and 

graded, and contribute 30% towards the PM. Suggested solutions are provided for the 

assignments on eFundiTM; and 

• Semester tests are used to test students’ problem-solving abilities along with the 

application of concepts learned across study units in an integrated fashion. Semester 

tests are written in strictly controlled conditions and are normally without any resources 

within a time limit. Two semester tests are given and contribute 60% towards the PM.  

5.4.5 Summative assessment 

The examination is a three-hour practical examination in a lab with strictly controlled 

conditions in terms of resources and individual participation. The examination is a 

comprehensive assessment incorporating work from all the study units with the aim to 

assess the student’s ability to demonstrate the course outcomes (§ 5.2.3.2). An example 

of an examination for this course is provided here5: 

  

                                                
5 Acknowledgement: This examination paper was compiled jointly by lecturers from both 

(Vanderbijlpark and Potchefstroom) campuses.  
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The examination contributes 50% towards the course mark and the PM contributes the 

other 50% to form the final course mark. Although a PM of 40% is required to gain 

examination entry, the minimum mark required to pass the examination is 50%, and a 

course mark of 50% is also required to pass the course. 

5.4.6 Intervention plan in the form of an instructional approach 

The intervention planned for this cycle is shown in Table 5.8 based on planned class 

activities promoting active learning. The references of possible interventions shown in 

Table 5.5 are linked to a planned action where applicable. Cheat-sheets (PI4) will not be 

implemented in cycle one and pair programming (PI6) is on the wish list for future cycles 

because it is the perspective of the lecturer that a certain readiness is needed for the 

implementation of pair programming. Each PSLE aspect is mapped to each action 

planned, which, in turn, maps to difficulties addressed as identified in the diagnosis (§ 5.3); 

this initial mapping occurs in Table 5.6. In addition, computational thinking skills that are 

addressed are listed for each action planned. 
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Table 5.8: Proposed instructional design for AR cycle 1 

Instructional Approach PSLE guidelines (§ 4.3.4) 
Promoting the following computational 

thinking skills 

Student preparation before contact session 

AI1: Read a chapter before each study unit. 

PSLE2: Information processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI2: Watch tutorial videos. Abstraction 

AI3: Concept quiz before study unit. Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during contact session (3 x 1.15 hour sessions)  

Two 1.15-hour contact sessions. All 

Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI4: Lecturer completes an example with class. 
AI6: Provide suggested solution to example (C1AI4). 
Give in-class activity, one problem per practical (2 
times a week). 

All 

AI5: Class assistants assists within the practical class 
to correct non-viable mental models. PSLE2: Information processing 
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Table 5.8: Proposed instructional design for AR cycle 1 (continued) 

Instructional Approach PSLE guidelines (§ 4.3.4) 
Promoting the following computational 

thinking skills 

Reflection/revision after contact session 

AI7: Provide ungraded suggested solution for in-class 
activity on eFundiTM. PSLE4: Reflection Abstraction 

Students receive one homework activity per study 
unit.  
AI8: Provide ungraded suggested solution for 
homework activity on eFundiTM. 

PSLE4: Reflection Decomposition, abstraction, algorithms, 
debugging, iteration 

Formative Assessment 

Six quizzes (All contributes 10% towards PM). PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization Five assignments (All contribute 30% towards PM). 

Two semester tests (All contribute 60% towards PM). 

Summative Assessment 

3-hour practical examination (Contributes 50% 
towards course mark). 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization 

 

The interventions planned are summarised in the form of an instructional approach in Table 5.8 and are executed in the next 

section.
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5.5 Action taking 

The instructional design, as provided in Table 5.8, is executed in the UIP 2 course in order 

to improve the programming skills of students following a critical systems approach. Two 

practical contact sessions are scheduled per week and various activities are done in 

preparation for the contact sessions, such as reading a chapter in advance, watching 

tutorial videos and completing a concept quiz. Assistants are appointed to assist during 

the contact sessions with any misconceptions or issues that students might have. During 

contact sessions, concepts are explained by the lecturer while completing a worked 

example step-by-step in front of the class. In class, activities and homework follow and 

have to be submitted on eFundiTM. Suggested solutions to homework activities are 

provided. Table 5.9 summarises the actual interventions that were used and is linked to 

the possible interventions (§ 4.4.3.3). A reference, “AI” in short for Actual Intervention, 

followed by a number, is assigned to each intervention strategy. Pair programming (PI6) 

is on the wish list for future cycles because it is the perspective of the lecturer that a certain 

readiness is needed for the implementation of pair programming. 

Table 5.9: Actual interventions used for AR cycle 1 

Interventions Link to PI 
(§ 4.4.3.3) 

AI1: Read a chapter before each study unit. PI3 

AI2: Watch tutorial videos. PI2 

AI3: Concept quiz before study unit. PI1, PI3 

AI4: Lecturer completes an example with class. N/A 

AI5: Class assistants assists within the practical class to correct non-viable mental 
models. PI5 

AI6: Provide suggested solution to example (AI4). PI1 

AI7: Provide ungraded suggested solution for in-class activity. PI1 

AI8: Provide ungraded suggested solution for homework activity. PI1 

AI9: Provide graded suggested solutions and feedback for assignments. PI1 
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Various activities are given as part of formative assessment with the aim of informing the 

student of current understanding and possible misconceptions. Assignments are graded 

and suggested solutions are provided. The first semester test was written. Not all formative 

and summative assessments are completed because the evaluation phase of this cycle 

came sooner than was originally planned. The original plan was to evaluate at the end of 

the semester (6 months). However, six weeks into the course, after the first semester test, 

affected students complained about the course, not officially, but they were about to. This 

triggered an evaluation of the instructional approach followed. 

5.6 Evaluation 

Because of the early evaluation, the evaluation of specific planned intervention strategies 

was done during the next cycle in Chapter 6. The empirical report is discussed according 

to participants (§ 5.6.1), data collection (§ 5.6.2), data representation and analysis in terms 

of the students’ perspectives and experiences (§ 5.6.3), which are reflected upon by the 

lecturer acting as a witness for the affected. The findings in terms of the conditioned views 

of the participants are presented next (§ 5.6.4). The lecturer’s perspectives are presented, 

analysed and findings are listed (§ 5.6.5). 

5.6.1 Participants 

The participants who form part of the evaluation for this cycle include five students 

currently enrolled in the UIP 2 course. These interviews are in the form of informal 

conversational interviews during office visits. The participants visited the lecturer’s office 

spontaneously out of own free will, without any invitation from the lecturer. The office 

discussions were roughly between 15 and 20 minutes in duration. The lecturer makes 

notes directly after the interview in her own words.   

5.6.2 Data collection: Towards the totality of conditioned realities 

Each student brings his/her own conditioned view to the classroom. This study strives 

towards the totality of conditioned realities as explained by Kant (§ 3.2.5.2). The totality of 

conditioned realities is an ideal, but understanding more conditioned views enhances the 
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understanding about the problematical situation (Ulrich, 1983:225). The conditioned views 

represented here are based on informal interviews in the lecturer’s office and cover a wide 

base of issues.  

The affected students need a witness to voice their concerns (Ulrich, 1983:308), and in 

this study, although not ideal, the lecturer is both the planner and the witness for the 

affected. Polemical argumentation aims to represent the affected students’ views, with no 

need for sophistication or facts, voicing the concerns of the affected with the aim of 

bringing transparency of taken for granted assumptions of the planner (Ulrich, 1983:301). 

The affected students’ polemical arguments should be interpreted and underlying 

arguments should be brought to the open by the witness. Conditioned realities of students 

are presented next. 

5.6.3 Representation and analysis: Polemical views of the affected students 

After the students wrote their first test, six weeks into the course, a group of students 

talked to one of the student assistants and visited the academic administration office with 

the intent of lodging a complaint against the lecturer. The students did not go through with 

the complaint at the academic administration office. The student assistant acted as an 

initial witness on behalf of the concerned and affected student. The lecturer acts as a 

witness for the affected student. The polemical arguments as presented by the student 

assistant are listed in terms of the following items: 

• The work pace is too fast; 

• Work is too difficult; and 

• Lecturer does not explain well. 

5.6.3.1 Conditioned reality based on Students A and B 

In this interview, two students visited the lecturer’s office because of a low mark received 

for an assignment. The conditioned reality for students A and B is presented in terms of 

the following items: 



 

185 | C h a p t e r  5 :   A c t i o n  r e s e a r c h  c y c l e  1  
 

• Student A is not satisfied with the way that the lecturer awarded marks for her 

assignment; 

• Students A and B prefer coding together on assignments and are upset for receiving 

zero for copying; and 

• Students A and B cannot mention any factors that make learning to program hard for 

them. 

As witness for Students A and B 

As witness for these two students, the lecturer represents their views in terms of the 

following items: 

• Student A’s assignment mark is not satisfactory and she is concerned about her 

performance, not knowing where she went wrong, or might need a remark; 

• Students A and B do not have the confidence to attempt assignments on their own 

and prefer to work together for moral support; and 

• Students A and B cannot pinpoint exactly what makes learning to program hard for 

them, except that it is. 

Lecturer’s perspective on context 

The lecturer’s perspective on the context of the content in this interview is presented in 

terms of the following items: 

• Student A did not work according to the criteria of the assignment; if she did, she would 

have scored a higher mark for her assignment; 

• It seems like student A did not work through the suggested solution after receiving her 

marks, which was available before visiting the lecturer, because she would have seen 

that the marking of the assignment was fair; 
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• Students A and B do not grasp the goal of an individual assignment as part of a 

learning process (near transfer and specific transfer), for example applying 

computational thinking skills such as problem-solving, decomposition, abstraction, 

algorithms, debugging and iteration; and 

• Students A and B might not have felt comfortable being honest about factors 

influencing them learning to program, or maybe they cannot list specifics. 

5.6.3.2 Conditioned reality based on Student C 

Student C was simply passing by, greeting the lecturer. The conditioned reality for student 

C is presented in terms of the following items: 

• Enjoys the current lecturing style; 

• The student distinguishes between the differing instructional approaches followed 

between the current course and the preceding course, since they never had to figure 

it out because similar assignments were given as formative assessment; 

• It is highlighted that in the preceding course, students copied from the solution, making 

only a few adjustments to complete their assignments in the preceding course; 

• Students did not work or think much in class in the preceding course; 

• Current complaints stem from having to work hard all of a sudden; and 

• The current instructional approach is beneficial in terms of preparation to cope with 

their final year of study. 

As witness for Student C 

As witness for this student, the lecturer represents the student’s views in terms of the 

following items: 
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• The relevance and advantages of the instructional design are recognised by the 

student; 

• Instructional design changes cause confusion and frustration for the students; 

• Assignments are harder in the current course; 

• The preceding course was easier for students; and 

• The current instructional approach prepares students for their final year. 

Lecturer’s perspective on context 

The lecturer’s perspective on the context of the content in this interview is presented in 

terms of the following items: 

• This student is currently a final-year student, repeating the course, acknowledging the 

benefits of the current instructional design and reflecting on what he perceives the 

problems of other students to be; 

• The previous instructional design lacked mental model construction activities 

promoted through active learning; 

• Students were not challenged enough in terms of near and specific transfer in the 

preceding course; 

• Performance was good in the preceding course, although students had a lack of 

understanding and computational thinking skills; and 

• The current instructional approach is challenging, but rewarding in terms of equipping 

the student to apply computational thinking skills to other domains encouraging distant 

and generalised transfer moving beyond mere near and specific transfer. 
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5.6.3.3 Conditioned reality based on Student D 

Student D enquired about the release date of semester test marks. An informal discussion 

ensued. The conditioned reality for student D is presented in terms of the following items: 

• Positive about her performance in semester test; 

• Perceives the course as one of her easiest courses; and 

• Other students need to figure content out for themselves in order to cope with their 

final year. 

As witness for Student D 

As witness for this student, the lecturer represents her views in terms of the following 

items: 

• Satisfied with the current instructional approach; 

• Course is not difficult; and 

• Hard work is needed in order to cope with the demand of the final year of study. 

Lecturer’s perspective on context 

The lecturer’s perspective on the context of the content in this interview is presented in 

terms of the following items: 

• This student repeated the preceding course and is currently in her final year; 

• The current instructional approach is satisfactory and necessary for the application of 

computational thinking skills promoting distant and generalised transfer of knowledge; 

and 

• Viable mental model construction is very important and takes time to apply the skills 

mentioned above. 
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5.6.3.4 Conditioned reality based on Student E 

Student E visited the lecturer’s office due to a misconception on a certain theoretical 

concept. This session contained explanations about the concept. A conversation followed. 

The conditioned reality for student E is presented in terms of the following items: 

• Student cannot program any further because she does not understand the 

StreamReader object and objects in general; 

• Student does not have any spare time to spend on this course outside the lecturing 

hours; 

• Student feels pushed outside of her comfort zone with the current instructional design; 

and 

• Student says that hard work is required in the current course. 

As witness for Student E 

As witness for this student, the lecturer represents her views in terms of the following 

items: 

• The student forms mental barriers when she cannot grasp a theoretical concept; 

• The student has no additional time available to spend on the course; 

• Student feels out of her comfort zone in terms of the contrast in instructional designs 

between the preceding and current course; and 

• Student says that hard work is required in the current course. 

Lecturer’s perspective on context 

The lecturer’s perspective on the context of the content in this interview is presented in 

terms of the following items: 
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• This student cannot progress until a specific theoretical concept is understood, which 

is understandable and natural and in line with constructivism. Viable mental models 

are formed through active learning and therefore need to be cognised when practising. 

She then mentions that she does not spend any additional time on the course, which 

is a concern; 

• The concept that this student does not understand, is part of the preceding course, 

which is concerning; 

• Time management seems to be an issue for this student; 

• The current instructional design seems to push this student outside of her comfort 

zone; in other words, she is not used to the methods used in the current instructional 

design; and 

• Hard work can be seen in light of an increased number of active learning activities in 

order to promote constructivism. 

5.6.3.5 Conditioned reality based on Student F 

Student F’s interview was due to a request for help with another course’s project, but is 

currently a student in the course. A conversation followed. The conditioned reality for 

student F is presented in terms of the following items: 

• The student requires help with a final-year AI game assignment in C#; 

• She cannot figure out why her program will not run; 

• Regarding the current course, she does not have time to spend on the course since 

she is preoccupied with other courses; and 

• Adaption is hard from the previous instructional approach to the current one. 
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As witness for Student F 

As witness for this student, the lecturer represents her views in terms of the following 

items: 

• The student cannot identify and correct the mistake in her program for her AI project; 

• The student does not have enough time to spend on this course; and 

• The current instructional design poses challenges to the students. 

Lecturer’s perspective on context 

The lecturer’s perspective on the context of the content in this interview is presented in 

terms of the following items: 

• The student feels comfortable enough to approach this lecturer for assistance, 

showing signs of trust within the lecturer’s content knowledge; 

• She copied code from the internet for her AI project and had no idea what was going 

on, since she could not explain the meaning of certain pieces of code to the lecturer. 

The lecturer advised her that it is unethical to simply hand in another source’s work as 

your own. She was advised to start again, building an algorithm and coding from there; 

• The student has no idea how to attempt an algorithm or conceptualisation of the game 

she chose, pointing towards inadequate problem-solving skills; 

• This student is repeating the current course and is in her final year. Third-year courses 

require a great deal of time and therefore it is understandable that she has time 

management issues; and 

• To adapt to a new instructional design can be hard, since the previous instructional 

design did not apply active learning to the extent that the current instructional design 

does. 
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5.6.4 Findings: Summary of conditioned views of students 

The goal of the representation of conditioned realities is striving towards the understanding 

of the area of concern, in this case, the UIP 2 course. In conclusion, the conditioned 

realities of the students inform the lecturer as planner in terms of the following items with 

regard to the evaluation: 

• Students experience time constraints because of a heavy load in their second year, 

sometimes in their third year, when repeating the current second-year course; 

• Adequate prior learning (preceding course) is not in place; 

• Inadequate problem-solving skills; 

• Prefer working with other students; 

• Poor mental models from preceding course; 

• Difficulty adapting from a non-challenging environment to an environment where 

problem-solving was a main component; 

• Confidence in lecturer’s ability to assist with programming problems; and 

• Comfortable to approach lecturer when in need of assistance. 

The goal is to understand, through representation of, and reflection about conditioned 

realities of the affected. The lecturer’s perspective is presented next. 

5.6.5 Representation, analysis and findings: Lecturer’s rational perspective 

The students’ participation and performance for the first six weeks of the course are 

presented along with the lecturer’s rational perspective. There are 118 students registered 

for the course. Participation in activities that did not contribute towards a student’s PM is 

discussed first. In class, students completed practical programming activities. Table 5.10 

shows the participation for the class work activities. 
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Table 5.10: Class work activities submitted for AR cycle 1 

Study Unit Class work Participation 
rate 

SU 1: Arrays (Initialize compile-time arrays; access elements 
of arrays; methods of the Array class; write methods that use 
parameters as arrays; and write user-defined array objects) 

SU 1: 
Activity 1 92% 

SU 2: String manipulation, advanced collections & exception 
handling (predefined methods of the String class; queues and 
stacks; using the debugger; exception handling – throw and 
catch; and try and catch blocks) 

SU 2: 
Activity 1 88% 

SU 3: File handling techniques (System.IO namespace; File 
and Directory classes; read; and write and append text files) 

SU 3: 
Activity 1 79% 

 

Table 5.11 shows the number of homework activities submitted. 

Table 5.11: Homework activities submitted for AR cycle 1 

Study Unit Homework Participation 
rate 

SU 3: File handling techniques (System.IO namespace; File 
and Directory classes; read; and write and append text files) 

SU 3: 
Homework 
1 

30% 

 

Table 5.12 shows the number of students that watched the preparation video before class 

and submitted an answer for a question based on the video contents for this cycle. 

Table 5.12: Participation for preparation videos for AR cycle 1 

Preparation video Participation 
rate 

SU 1: Arrays (Initialize compile-time arrays; access elements of arrays; 
methods of the Array class; write methods that use parameters as arrays; and 
write user-defined array objects) 

18,2% 
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Table 5.12: Participation for preparation videos for AR cycle 1 (continued) 

Preparation video Participation 
rate 

SU 2: String manipulation, advanced collections & exception handling 
(predefined methods of the String class; queues and stacks; using the 
debugger; exception handling – throw and catch; and try and catch blocks) 

26,1% 

SU 3: File handling techniques (System.IO namespace; File and Directory 
classes; read; and write and append text files) 22,2% 

 

In terms of formative assessment and reflection, students have to complete concept tests, 

assignments and semester tests. The scores for the concept tests within the first six weeks 

in the course are given in Table 5.13. The concept tests contribute 10% towards the PM 

of a student. 

Table 5.13: Concept test scores for AR cycle 1 

Unit of work Concept 
test Nr. 

Average 
score 

Participation 
rate 

SU 1: Arrays (Initialize compile-time arrays; access 
elements of arrays; methods of the Array class; write 
methods that use parameters as arrays; and write user-
defined array objects) 

1 51% 83% 

SU 2: String manipulation, advanced collections  2 75% 90% 

SU 2: Exception handling (predefined methods of the 
String class; queues and stacks; using the debugger; 
exception handling – throw and catch; and try and catch 
blocks) 

3 62% 92% 

 

Students completed an assignment on each unit of work. Their scores for the first three 

assignments (assignments within cycle 1) are presented in Table 5.14. The assignments 

contribute 30% towards the PM of a student. 
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Table 5.14: Average assignment scores for AR cycle 1 

Study unit Assignment Average 
grade 

Participation 
rate 

SU 1: Arrays (Initialize compile-time arrays; access 
elements of arrays; methods of the Array class; 
write methods that use parameters as arrays; and 
write user-defined array objects) 

1 53% 86% 

SU 2: String manipulation, advanced collections  2 57% 83% 

SU 2: Exception handling (predefined methods of 
the String class; queues and stacks; using the 
debugger; exception handling – throw and catch; 
and try and catch blocks) 

3 71% 88% 

 

The average semester test score is shown in Table 5.15. The semester tests contribute 

60% towards the PM of a student. 

Table 5.15: Average semester test score for AR cycle 1 

Unit of work Semester Test Average score 
SU 1: Arrays 
SU 2: Advanced collections & Exception Handling 

1 39% 

 

According to the second principle for interpretive research, contextualisation is needed to 

help understand the whole situation (Klein & Myers, 1999:72). Firstly, the main features of 

the preceding course’s instructional approach (UIP 1), which was presented by another 

lecturer, and is based on the current lecturer’s perspective, based on conversations with 

students and assistants, are listed here as follows: 

• Display completed solutions to the class (code wise);  

• Similar formative and summative assessments to the example code previously shown 

to the class; 

• Limited, if any, in-depth explanations of concepts. 
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The current lecturer’s perception of the current problematic situation within UIP 2 is listed 

in terms of the following items: 

• Non-viable mental models of concepts of preceding and current course. 
Students do not possess the necessary prior knowledge to cope with content 

(§ 5.6.3.4), which is supported by the performance in concept tests as well as 

semester tests (Table 5.13 and Table 5.15); 

• Inability to integrate all concepts into one authentic solution. Considering the 

average scores of the concept tests, assignments and semester test (Table 5.13, 

Table 5.14 and Table 5.15), it seems like students cannot integrate concepts across 

study units into one meaningful solution. This is understandable considering that 

students might hold non-viable mental models, thereby complicating the process of 

applying concepts in different situations;   

• Insufficient contact time. Contact time is limited and approximately three hours less 

than the other campus, which is supposed to be aligned in terms of content, 

examination and time. Having less contact time is out of the lecturer’s control for this 

semester because of a shortage of lab space.  

• Lack of participation and responsibility in terms of preparation and completion of 

activities or inability to complete activities. The students’ attitudes are a concern. If 

students feel that they cannot grasp the concepts in UIP 2, it can contribute towards 

their attitudes. Students do not take initiative, waiting on the lecturer for instruction. 

Students cannot prepare for class because they do not have a textbook (see next 

bullet). Copying work from one another is a major concern in assignments. The 

copying problem seems strikingly similar to their method in UIP 1 as mentioned by 

student C (§ 5.6.3.2), receiving completed solutions, without much conceptualisation 

and using the same solutions for assignments and examinations. Students do not take 

responsibility for their own learning; 
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• Lack of interest in textbook. Not many students have a textbook. The textbook is 

very important to provide insight into valuable concepts needed to grasp this course 

successfully and to complete class and homework activities. UIP 2’s content is about 

graphical user interface programming. The textbook is not entirely suited for the course 

content. For example, all the code excerpts in the chapter dealing with arrays are 

based on console applications. Although this might be frustrating to the lecturer and 

students, the concepts explained remain relevant. The lecturer does make notes 

available on eFundiTM with relevant graphical interface examples.   

• Lack of student engagement in class. Although efforts to enhance engagement 

such as promoting active learning (§ 4.4.3.3), which can enhance engagement 

(Prince, 2004:223), were made during the planning intervention phase, it is the 

perception of the lecturer that students have a lack of engagement in class. It is the 

perception of the lecturer that many students cannot adapt successfully to the new 

instructional approach, especially with a lack of prior knowledge.  

The analysis and findings presented here for the lecturer’s perspective are used in the 

next section in combination with the findings for the students’ perspectives to conclude the 

findings for AR cycle 1.  

5.7 Specify learning 

From a critical systems perspective, Sweeping in (Ulrich) about the problematical situation 

of learning to program in order to understand as many conditioned views as possible is 

used to specify learning in this section. The current cycle is short-lived, and it is evident 

that the lecturer has ‘taken for granted’ normative claims, such as expecting prior learning 

to be in place, which influences the success of this cycle’s intervention. In order to move 

closer towards the totality of conditions, the lecturer has to act as witness for the affected 

(§ 5.6.3 & § 5.6.4), and reflect as a lecturer with consideration for student performance 

and participation (§ 5.6.5) in the problematic situation. Based on the evidence presented 

(§ 5.6), a pragmatic decision is made to intervene again. The voices of the affected 

students cannot be ignored (§ 5.6.3 & § 5.6.4), and therefore this cycle ends within the 
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first six weeks. The learning during this cycle becomes the diagnosis for cycle 2. The 

actual interventions (Table 5.16) used cannot be evaluated as originally intended via 

formal interviews.  

Table 5.16: Actual interventions used for AR cycle 1 

Reference Link to PI 
(§ 4.4.3.3) 

AI1: Read a chapter before each study unit. PI3 

AI2: Watch tutorial videos. PI2 

AI3: Concept quiz before study unit. PI1, PI3 

AI4: Lecturer completes an example with class. N/A 

AI5: Class assistants assists within the practical class to correct non-viable mental 
models. PI5 

AI6: Provide suggested solution to example (AI4). PI1 

AI7: Provide ungraded suggested solution for in-class activity. PI1 

AI8: Provide ungraded suggested solution for homework activity. PI1 

AI9: Provide graded suggested solutions and feedback for assignments. PI1 
 

Reflecting on the success of interventions used is based on the evidence presented in the 

previous section (§ 5.6) and is presented here: 

• It is unlikely that students read a chapter before each study unit (C1AI1) because very 

few students had a textbook in class according to the perspective of the lecturer 

(§ 5.6.5). This speculation is concerning since the same textbook is used for the 

preceding course (UIP 1), and therefore contributes towards the lecturer’s perspective 

that students have a lack of prior knowledge (§ 5.6.5). This success of this intervention 

(C1AI1) is therefore inconclusive because there is no evidence supporting the notion 

that very few students own a textbook.  

• The participation rate for watching tutorial videos (C1AI2) is very low (§ 5.6.5, 

Table 5.11), and it can be concluded that this intervention was not successful.  
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• The completion rates for concept quizzes before each study unit (C1AI3) are high, 

although the performance is not always high (§ 5.6.5, Table 5.13). The concept tests 

are seen as a successful intervention based on the participation rate.  

• The lecturer completing an example with the class (C1AI4) and providing the 

suggested solutions to the example completed in class (C1AI6), as successful 

interventions are undetermined since students did not seem to understand the 

concepts as assessed in the semester test (§ 5.6.5, Table 5.15). 

• Using class assistants (C1AI5) in class cannot be determined as a successful 

intervention because of a lack of evidence.  

• Providing the suggested solutions to the in-class activities and homework activities 

(C1AI7)  without grades or feedback does not seem to be an effective strategy 

because students still lack understanding of the concepts within the course (§ 5.6.5, 

Table 5.15). Graded assignments and feedback does seem like a successful 

intervention (C1AI9), since students grades increased with every assignment (§ 5.6.5, 

Table 5.14). It is clear that there is a difference in participation rate between ungraded 

(§ 5.6.5, Table 5.10, Table 5.11, Table 5.12) and graded interventions (§ 5.6.5, 

Table 5.13, Table 5.14, Table 5.15). Graded activities have a higher participation rate.  

The success of interventions is indicated in Table 5.17. Success is measured by 

satisfaction, engagement and performance. 

Table 5.17: Success of actual interventions used for AR cycle 1 

Actual intervention 
Link to 

possible 
interventions 

(§ 4.4.3.3) 
Success 

AI1: Read a chapter before each study unit. PI3 Unsure 

AI2: Watch tutorial videos. PI2 No 

AI3: Concept quiz before study unit. PI1, PI3 Yes 

AI4: Lecturer completes an example with class. N/A Unsure 
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Table 5.17: Success of actual interventions used for AR cycle 1 (continued) 

Actual intervention 
Link to 

possible 
interventions 

(§ 4.4.3.3) 
Success 

AI5: Class assistants assists within the practical class to 
correct non-viable mental models. PI5 Unsure 

AI6: Provide suggested solution to example (AI4). PI1 Unsure 

AI7: Provide ungraded suggested solution for in-class 
activity. PI1 No 

AI8: Provide ungraded suggested solution for homework 
activity. PI1 No 

AI9: Provide graded suggested solutions and feedback for 
assignments. PI1 Yes 

 

Table 5.18 lists the difficulties experienced when learning how to program from a student’s 

and lecturer’s perspective. The success of the interventions mentioned above is 

dependent on these identified difficulties. The difficulties identified by the lecturer might be 

an effect of the cause listed by students. For example, the lecturer experienced that 

students do not prepare well for classes, but a reason might be that students could not 

deal with the heavy load of courses in the second year. It could possibly be categorised 

under a new label called poor time management skills or even external factors, since other 

factors might influence their time management. Similarly, the lecturer perceives the 

students to have a lack of effort and participation in the class, but this might be an effect 

of students’ lacking problem-solving skills.   

Table 5.18: Categorising difficulties faced by students and difficulties 
perceived by the lecturer when learning to program 

Student’s perspective Lecturer’s perspective Category 

Time constraints in terms of a 
heavy load in their second 
year 

Lack of participation 
Poor time management 
skills 

External factors 
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Table 5.18: Categorising difficulties faced by students and difficulties 
perceived by the lecturer when learning to program (continued) 

Student’s perspective Lecturer’s perspective Category 

Prior learning (preceding 
course) is not up to standard 

Lack of prior knowledge; and 
Limited textbook use 

Poor prior knowledge 

Limited textbook use 

Inadequate problem-solving 
skills 

Limited textbook use; 
Lack of participation; and 
Lack of concept integration 

Inadequate problem-
solving skills 

Poor mental models from 
preceding course 

Non-viable mental models in 
current and preceding course; and 
Lack of concept integration 

Non-viable mental 
models 

Difficulty adapting from a non-
challenging environment, to an 
environment where problem 
solving was a main component 

Lack of participation; 
Insufficient contact time; and 
Lack of student engagement 

Lack of responsibility for 
learning 

Lack of student 
engagement 

Insufficient contact time 

Working together Completing individual 
assignments jointly 

Lack of social 
interaction in class 

 

The challenges faced when learning to program listed in Table 5.18 are worth investigating 

and are identified as: 

• Poor time management skills; 

• External factors; 

• Poor prior knowledge; 

• Limited textbook use; 

• Inadequate problem-solving skills; 

• Non-viable mental models; 
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• Lack of responsibility for learning; 

• Lack of student engagement; 

• Insufficient contact time; and 

• Lack of social interaction in class. 

Reflection on whether the difficulties identified in literature (Chapter 4) were addressed is 

done in Table 5.19, showing the difficulties when learning to program identified in the 

literature (Chapter 4) along with the actual findings during this cycle and finally combined 

into one list to investigate in cycle 2 (Chapter 6). The actual difficulties encountered during 

this cycle will be taken forward, since it has been established that these are the actual 

experiences and conditioned views of students and the lecturer. Some difficulties identified 

in the literature have been confirmed with the actual difficulties experienced by students 

and the lecturer. For example, poor problem-solving skills, poorly constructed mental 

models and environmental factors are listed in Table 5.18, as well as in the literature; 

therefore, these difficulties will be taken further for investigation in cycle 2. Other difficulties 

identified in the literature, although not linked to actual difficulties, have not been 

addressed to such an extent that it can be excluded from the final list. For example, task 

complexity and cognitive load and poor abstraction could not have been addressed well if 

students still have non-viable mental models. It is a challenge to determine whether a 

student’s natural language affects his ability to program and since most students’ home 

language is not even English, it cannot be dismissed. Reflecting critically as a lecturer 

about one’s own instruction and knowledge, it cannot be dismissed that the instruction 

given by the lecturer has an influence on the students’ ability to grasp the concepts. For 

example, natural language used by the lecturer might not be natural language for the 

students. Since many students do not have textbooks to develop their technical 

vocabulary within this course, misconceptions can occur easily based on the instruction 

of the lecturer. 
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Table 5.19: Categorising actual difficulties in cycle 1 and difficulties in 
literature 

Cycle 1 actual difficulties 
(Table 5.17)  

Difficulties identified in 
literature (Chapter 4) Difficulties taken further 

Inadequate problem-solving 
skills Poor problem-solving skills Inadequate problem-solving 

skills 

Non-viable mental models Poorly constructed mental 
models Non-viable mental models 

External factors 
Poor time management skills 

Environmental factors External factors 

Poor prior knowledge N/A Poor prior knowledge 

Limited textbook use N/A Limited textbook use 

Lack of responsibility for 
learning N/A Lack of responsibility for 

learning 

Lack of student engagement N/A Lack of student engagement 

Insufficient contact time N/A Insufficient contact time 

Lack of social interaction in 
class N/A Lack of social interaction in 

class 

N/A Task complexity and 
cognitive load 

Task complexity and 
cognitive load 

N/A Natural language Natural language 

N/A Poor abstraction ability Poor abstraction ability 

N/A Lecturer’s instruction and 
knowledge 

Lecturer’s instruction and 
knowledge 

 

Learning from the current cycle is specified in terms of guidelines for improving 

programming skills of students using a critical systems approach incorporating the 

analysis in this section, in Table 5.20. The difficulties identified in Table 5.19 are mapped 

to each guideline. A shortened reference for each guideline is provided in order to link it 

in tables that follow in this thesis. The reference C1GL, refers to cycle 1 guideline, followed 

by a number and a short description. 
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Table 5.20: Guidelines to improve programming skills of students using a 
critical systems approach (AR cycle 1) 

Guideline 
reference Guideline Linked to difficulties 

(Table 5.17) 

C1GL1: 
Prior 
learning 

Prior learning must be in place, more specifically, 
existing viable mental models that can influence a 
student’s lack of engagement and seemingly lack 
of responsibility. 

Poor prior knowledge 
Non-viable mental models 
Lack of student engagement 
Lack of responsibility for 
learning 

C1GL2: 
Information 
processing 

Sufficient information processing activities should 
be included to promote problem-solving, viable 
mental model construction and abstraction. 

Inadequate problem-solving 
skills 
Non-viable mental models 
Poor abstraction ability 

C1GL3: 
Scaffolding 

Attention should be given to scaffold the concepts 
presented to promote problem-solving, viable 
mental model construction and abstraction. 

Non-viable mental models 
Task complexity and 
cognitive load 
Poor abstraction ability 

C1GL4: 
Relevant 
study 
material 

Students must have the relevant study material in 
order to promote engagement, preparation and 
viable mental models and reduce the influence of 
natural language on misconceptions. 

Limited textbook use 
Non-viable mental models 
Natural language 

C1GL5: 
Sufficient 
contact 
time 

Sufficient contact time is necessary to explain, 
scaffold and practise concepts. 

Insufficient contact time 
Non-viable mental models 
Task complexity and 
cognitive load 

C1GL6: 
Social 
interaction 

Activities promoting social interaction have to be 
incorporated. 

Lack of social interaction in 
class 

C1GL7: 
External 
pressure 

Activities should be planned carefully since 
external pressure has a negative effect on 
students’ time management. 

External factors 

C1GL8: 
Self-critical 
reflection 

Self-critical reflection by the lecturer on 
knowledge and instruction in order to improve 
instructional design. 

Lecturer to self-reflect. 

 

The following cycle initiates with the guidelines developed here to improve the 

programming skills of students using a critical systems approach. 
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5.8 Summary 

This chapter introduced the first AR cycle and its link to the Kantian concept of reason. 

The context of the area of concern is discussed in terms of the BSc IT programme, 

assessment and outcomes of the UIP 1 and UIP 2 courses, the learning management 

system eFundiTM, student services and the demographic context. 

The diagnosis phase initiates with difficulties faced when learning to program, as identified 

in Chapter 4. The intervention is planned and executed according to the preparation 

before, participation during and reflection after contact sessions, including formative and 

summative assessments. 

Evaluation takes place in terms of striving towards the totality of conditioned realities 

through the representation of conditioned realities of the involved and affected students 

with the lecturer as witness. Students’ performance and participation are provided and 

finally the lecturer’s perspective is presented. 

This chapter concludes with specifying learning in terms of guidelines to be followed in 

order to improve the programming skills of students using a critical systems approach. 
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CHAPTER 6: ACTION RESEARCH CYCLE 2 

6.1 Introduction 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective is used to develop the potential of the students and to develop 

an instructional design. In the previous cycle, the conditioned realities of students and the 

lecturer as well as the success of interventions were critically reflected upon. A list of 

difficulties identified in literature (Chapter 4) was extended and incorporated into 

guidelines (Chapter 5) to improve the programming skills of students.  

In this chapter, the second AR cycle, aiming to improve the programming skills of UIP 2 

students, is presented. In the diagnosis phase of the current cycle, guidelines developed 

in cycle 1 are revisited and intervention requirements are provided for each guideline 

(§ 6.2). An intervention plan is formulated based on each guideline and intervention 

requirement given in the diagnosis (§ 6.3). A summary of interventions planned is 

provided; reflection in terms of the positioning of interventions within a PSLE (§ 4.3.4) is 

given; and an instructional approach is proposed. The intervention plan is executed in the 

action-taking phase (§ 6.4), followed by an evaluation of the success thereof. The 

conditioned realities of those involved and affected are analysed (§ 6.5) in order to suggest 

changes for the next iteration. Finally, learning is specified in terms of guidelines to 

improve the programming skills of students using computational thinking skills following 

the principles of a critical systems approach (§ 6.6).  

This AR cycle is summarised in Table 6.1, also indicating the link between the Kantian 

interest for reason (§ 3.3.7). The diagnosis phase, which is linked to the Kantian interest 

of reason, “What can I know?”, focuses on improving the programming skills of students 

by identifying possible difficulties that students might experience as discussed in literature 

(Chapter 4).  
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Table 6.1: Summary of the second AR cycle 

Phase Linked to Kantian 
interest of reason Action: UIP 2 

Diagnosis What can I know? Current guidelines to improve the programming 
skills of students. 

Planning 
intervention What can I do? 

Plan intervention based on a computational 
thinking teaching approach (PSLE) – Chapter 4. 

Take action Implement action plan. 

Evaluation What can I hope? Learning from critical systems (Ulrich) inspired 
interviews. 

Specify learning  
Reflect on conditioned views based on critical 
systems-inspired (Ulrich) interviews by revising 
and adapting guidelines.  

 

Planning the intervention and taking action are linked to the Kantian interest of reason, 

“What can I do?”, and therefore an intervention plan is formulated within a PSLE-inspired 

(§ 4.3.4) instructional approach that promotes computational thinking, and this plan is 

executed. The evaluation phase is linked to the Kantian interest of reason, “What can I 

hope?”, which uses CSH-inspired interviews to move towards the totality of conditioned 

realities. 

6.2 Diagnosis 

This cycle started six weeks into the course, after the first semester test was written. It is 

therefore the same course as in cycle 1. Chapter 5 concluded with a list of guidelines to 

improve the programming skills of students using a critical systems approach (Table 6.2), 

which is based on difficulties experienced when learning to program.  

Requirements for interventions to improve the programming skills of students are also 

listed in this table, which will guide the planning for actual interventions. Intervention 

requirements will inform the type of intervention selected to address each guideline. For 
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example, in order for prior learning to be in place, the selected intervention should revisit 

concepts needed for the current course, including UIP 1 concepts, if necessary. 

Table 6.2: Guidelines and intervention requirements to improve the 

programming skills of students using a critical systems approach 

(AR cycle 1) 

Guideline 
Reference 

Guideline Intervention requirements 

C1GL1: Prior learning 

Prior learning must be in 
place, more specifically, 
existing viable mental models 
that can influence a student’s 
lack of engagement and 
seemingly lack of 
responsibility. 

Revisit concepts needed to 
complete current course, 
even if it includes concepts 
from previous courses. 

C1GL2: Information 
processing 

Sufficient information 
processing activities should 
be included to promote 
problem-solving, viable 
mental model construction 
and abstraction. 

Activities that promote 
reflection, problem-solving, 
viable mental model 
construction and abstraction 
within constructivist 
guidelines 
 (Ben-Ari, 2001:68). 

C1GL3: Scaffolding 

Attention should be given to 
scaffold the concepts 
presented to promote 
problem-solving, viable 
mental model construction 
and abstraction. 

Activities that build viable 
mental models step-by-step 
through slow introduction of 
concepts. 

C1GL4: Relevant study 
material 

Students must have the 
relevant study material in 
order to promote 
engagement, preparation and 
viable mental models and 
reduce the influence of 
natural language on 
misconceptions. 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

C1GL5: Sufficient contact 
time 

Sufficient contact time is 
necessary to explain, scaffold 
and practise concepts. 

Additional contact time is 
necessary to at least align the 
contact time on campuses. 
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Table 6.2: Guidelines and intervention requirements to improve the 

  programming skills of students using a critical systems approach 

  (AR cycle 1) (continued) 

Guideline 
Reference 

Guideline Intervention requirements 

C1GL6: Social interaction 
Activities promoting social 
interaction have to be 
incorporated. 

Social interaction should have 
the goal of students working 
together to complete a task in 
order to allow the possibility 
that students can explain 
different concepts to one 
another, which is in a more 
comfortable setting than 
between lecturer and 
students, for instance. 

C1GL7: External pressure 

Activities should be planned 
carefully since external 
pressure has a negative 
effect on students’ time 
management. 

Activities should be planned 
so that contact time is used 
for students to have access to 
the lecturer to correct non-
viable mental models and 
activities should serve a 
purpose in terms of learning 
and grades. 

C1GL8: Self-critical reflection 

Self-critical reflection by the 
lecturer on knowledge and 
instruction in order to improve 
instructional design. 

 

 

The requirements for the interventions are based on the guidelines, and are used in the 

next section to plan the intervention. 

6.3 Planning intervention 

Time for planning this intervention was limited. The students voiced their concerns on the 

Monday, and on the Thursday, the next practical session took place. The timing of this 

intervention was a key factor to the success thereof, but also limited the kind of 

interventions planned. In Table 6.3 the intervention requirements listed in Table 6.2 are 

used to show the shortcomings within cycle 1’s actual interventions to address the 

developed guidelines (Table 6.3). The intervention requirements, reference to the actual 
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interventions used in cycle 1, description of the actual intervention, and the success of the 

intervention, as determined in cycle 1, are given in Table 6.3. 

Table 6.3: Intervention requirements mapped to intervention in AR cycle 1 

Guideline Intervention 
requirements Interventions in cycle 1 Success in cycle 1 

C1GL1: Prior 
learning 

Revisit concepts needed 
to complete current 
course, even if it 
includes concepts from 
previous courses. 

AI1: Read a chapter before 
each study unit. Unsure 

AI2: Watch tutorial videos. No 

AI3: Concept quiz before 
study unit. Yes 

C1GL2: 
Information 
processing 

Activities that promote 
problem-solving, viable 
mental model 
construction and 
abstraction within 
constructivist guidelines 
(Ben-Ari, 2001:68). 

AI3: Concept quiz before 
study unit. Yes 

AI4: Lecturer completes an 
example with class. Unsure 

AI5: Class assistants assist 
within the practical class to 
correct non-viable mental 
models. 

Unsure 

AI6: Provide suggested 
solution to example 
(C1AI4). 

Unsure 

AI7: Provide ungraded 
suggested solution for in-
class activity. 

No 

AI8: Provide ungraded 
suggested solution for 
homework activity. 

No 

AI9: Provide graded 
suggested solutions and 
feedback for assignments. 

Yes 

C1GL3: 
Scaffolding 

Activities that build 
viable mental models 
step-by-step through 
slow introduction of 
concepts. 

AI4: Lecturer completes an 
example with class. Unsure 

C1GL4: 
Relevant 
study 
material 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

Not addressed. 
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Table  6.3: Intervention requirements mapped to intervention in AR cycle 1 

(continued) 

Guideline Intervention requirements Interventions in 
cycle 1 

Success in 
cycle 1 

C1GL5: 
Sufficient 
contact time 

Additional contact time is necessary to 
at least align the contact time on 
campuses. 

Not addressed. 

C1GL6: 
Social 
interaction 

Social interaction should have the goal 
of students working together to 
complete a task in order to allow the 
possibility that students can explain 
different concepts to one another, 
which is in a more comfortable setting 
than between lecturer and students, for 
instance. 

Not addressed. 

C1GL7: 
External 
pressure 

Activities should be planned so that 
contact time is used for students to 
have access to the lecturer to correct 
non-viable mental models, and 
activities should serve a purpose in 
terms of learning and grades. 

Not addressed. 

C1GL8: Self-
critical 
reflection 

Reflect on interventions and make 
necessary changes to improve the 
programming skills of students. 

Guidelines developed in Chapter 5, 
diagnosis (§ 6.2) and planning 
intervention (§ 6.3) in the current 
chapter. 

 

Some interventions were not successful in cycle 1 and those interventions could not simply 

just be removed. The students mentioned that it is difficult to adapt to instructional changes 

(§ 5.6.4); therefore, the strategy for this cycle is to not make major changes to the students’ 

environment and the instructional design that has been used for the past six weeks. 

Instead, subtle changes were planned to address issues. It cannot be said with certainty 

that the interventions used in cycle 1 were successful and addressed the intervention 

requirements. Since the interventions of Chapter 5 resulted from the literature discussion 

in Chapter 4, the summary of possible interventions suggested in Chapter 4 (§ 4.4.3.3) is 

revisited and will be considered when planning the intervention. The possible interventions 

are listed in Table 6.4. 
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Table 6.4: Possible interventions for challenges faced by students when 

learning to program (abbreviated from Table 4.12 (§ 4.4.3.3)) 

Reference Addresses the following challenge (s) 
(Chapter 4) 

Promotes the following 
Computational thinking skills  

PI1: Formative 
assessments 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load and natural language 

Decomposition, abstraction, 
algorithms, debugging, and 
iteration. 

PI2: Tutorial 
videos 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Abstraction. 

PI3: Prepare 
before class 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Decomposition, abstraction, 
algorithms, debugging and 
iteration. 

PI4: Cheat-
sheets 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load 

Decomposition, abstraction, 
algorithms, debugging and 
iteration. 

PI5: Peer-
assisted 
learning 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load, environmental factors 
and natural language 

Decomposition, abstraction, 
algorithms, debugging, iteration 
and generalisation. 

PI6: Pair 
programming 

Non-viable mental models, poor 
abstraction ability, task complexity and 
cognitive load, environmental factors 
and natural language 

Decomposition, abstraction, 
algorithms, debugging, iteration 
and generalisation. 

 

The following sections address each guideline (C1GL1-C1GL8) as developed in cycle 1, 

and suggestions are made for interventions within the original theoretical framework 

repeated in Table 6.4. The headings are shortened for readability, but the full guideline is 

provided in each section. 

6.3.1 C1GL1: Prior learning must be in place 

The full guideline is: Prior learning must be in place, more specifically, existing viable 

mental models that can influence a student’s lack of engagement and seeming lack of 

responsibility. 
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The intervention requirements for C1GL1 include: Revisit concepts needed to complete 

current course, even if it includes concepts from previous courses. 

In cycle 1, interventions that relate to this guideline and the success thereof included 

(Table 6.3): 

• reading a chapter before each study unit (success – unsure); 

• watching a tutorial video before each study unit (success – no); and  

• completing a concept quiz before class (success – yes). 

Only one intervention was successful, and therefore there are other interventions that 

could possibly address C1GL1 based on the requirement that concepts need to be 

revisited, even those in UIP 1, if necessary. The sections that follow suggest additional 

interventions to implement this guideline. These include supplemental instruction (SI) 

(§  6.3.1.1), additional contact session (§ 6.3.1.2), intervention talk (§ 6.3.1.3), and request 

to lecture UIP 1 (§ 6.3.1.4). 

6.3.1.1 Supplemental instruction 

Supplemental instruction (SI) forms part of peer-assisted learning (PI5) and is a service 

offered by student support services (§ 5.2.5.2). This service has to be requested from the 

university by the lecturer of the specific course. The lecturer nominates a student from a 

higher year level who completed the course, who he/she feels has the necessary skills to 

present these sessions. If the student agrees, he/she is sent for training before SI sessions 

are allowed to commence. The student is then known as an SI leader for the course. 

Studies have shown that SI enhances students’ learning (Ning & Downing, 2010:921; 

Porter et al., 2013:34).  

The lecturer will work closely with the SI leader to identify topics most struggled with as 

perceived by the lecturer and assistants during practical sessions. The SI leader then 

prepares activities to complete with the students who choose to attend SI sessions in order 

to address any misconceptions. These sessions are optional for students, but the lecturer 
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will make an effort to provide all necessary information about the SI sessions to the 

students and encourage students to attend (see intervention talk, § 6.3.1.3).   

6.3.1.2 Additional contact session 

An optional additional contact session led by the lecturer will be scheduled once a week 

in order to address any misconceptions, including concepts from UIP 1. The additional 

session will allow time to repeat and practice difficult concepts. As mentioned in cycle 1, 

availability of venues is limited and therefore a smaller venue that can seat about 99 

students, if all PCs are functioning, will be scheduled. If all 118 students come to class, 

the plan is to group some students together at one computer. Each student who did not 

pass his/her first semester test (cycle 1) will receive a note on the day of the intervention 

talk (next contact session) on their script stating that the additional class is compulsory 

(Figure 6.1).  

The available timeslot for the venue does not suit all students; for example, students 

repeating the course cannot attend the additional session due to simultaneous contact 

sessions for other courses on a different year level. 

 

 

 

 

 

 

 

Figure 6.1: Example of note on a student’s script for semester test one that 

failed 
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The additional class will also be announced during the intervention talk which is discussed 

next. 

6.3.1.3 Intervention talk 

An intervention talk is planned in order to engage with the students in the next contact 

session. The purpose is twofold. Firstly, it aims to explain that the internalisation of 

concepts (in other words viable mental-model construction) is needed in order to 

understand programming. Their focus should not be on the memorisation of facts, i.e. rote 

learning, but rather on the internalisation of concepts that involve both process and object 

conception (§ 4.4.1.4) so that they can become good programmers in society. 

Conversations held with student C (§ 5.6.3.2, repeating UIP 2) and student D (§ 5.6.3.3, 

repeated UIP 1) during informal conversational interviews in cycle 1, inspired the 

intervention talk. They are in their final year of study, and acknowledge that the current 

instructional approach is necessary to perform well in their final year. Secondly, the 

interventions planned are conveyed. Specific aspects of this intervention talk include: 

• Show a relevant job advert, asking the students to reflect on and assess their abilities, 

and whether they would qualify for the entry-level position, since this is technically the 

last core programming course in their curriculum; 

• Discuss the importance and relevance of the course; 

• Explain that no programmer knows all, but will need to figure it out (§ 4.4.1.4– 

abstraction and § 4.2.2 – viable mental model construction) and that problem-solving 

(§ 4.4.1.2) forms a major part of this process; 

• Explain to students that the lecturer does care, and direct communication is key to a 

successful relationship; 

• Explain that an attitude change is necessary to improve performance in the course;  

• Explain the importance of the textbook to understand concepts, and that students 

bringing their textbooks to class will be counted; and 
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• Discuss additional opportunities that will be provided and that it is not too late to still 

reach the outcomes of the course (SI, additional class, assignments etc.). An example 

of the information related to SI and additional sessions is given in Figure 6.2 below. 

 

Figure 6.2: Notification of additional sessions on eFundiTM 

Additional opportunities will be discussed with C1GL7 (§ 6.3.7). 

6.3.1.4 Request to lecture UIP 1 

The lecturer will request to lecture UIP 1 in order to improve the prior knowledge of 

students before they enter UIP 2. 

6.3.2 C1GL2: Sufficient information processing activities  

The full guideline is: Sufficient information processing activities should be included to 

promote problem-solving, viable mental model construction and abstraction. 

The intervention requirements for C1GL2 include: Activities that promote reflection, 

problem-solving, viable mental model construction and abstraction within constructivist 

guidelines (Ben-Ari, 2001:68). In cycle 1, interventions that relate to this guideline and the 

success thereof included (Table 6.3): 

• Complete a concept quiz before each study unit (success – yes); 
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• Lecturer completes an example with the class (success – unsure); 

• Class assistants assist within the practical class to correct non-viable mental models 

(success – unsure); 

• Provide suggested solution to example (success – no); 

• Provide ungraded suggested solution for in-class activity (success – no); 

• Provide ungraded suggested solution for homework activity (success – no); and 

• Provide graded suggested solutions and feedback to assignments (success – yes). 

There are only two interventions in cycle 1 that can be said with certainty that were 

successful. In addition to the list above, SI (§ 6.3.1.1) and the additional contact session 

(§ 6.3.1.2), form part of this guideline as well. It promotes reflection, problem-solving, 

viable mental model construction and abstraction within constructivist guidelines (Ben-

Ari, 2001:68). In addition, lecturer “how-to” notes are added and discussed next. 

6.3.2.1 Lecturer “how-to” notes 

The lecturer “how-to” notes are inspired by cheat sheets (PI4), in a sense they are lecturer 

cheat sheets. Cheat sheets are quick references to accomplish a certain activity that is 

presented slightly different in the textbook, or just a difficult concept; for example, 

connecting to the database using code instead of the wizard. An example is provided 

below that explains and provides demonstration code on a parent-child hierarchy in this 

course, which is not done in depth in the textbook.  

MDI’s (Parent & Child Forms) 

To set up a Parent Form: 
a) You can Rename your Form1 to FrmParent.  The name is optional. 
b) Setting the properties of the Parent Form: 
• Text – Info                   :(The text that will display at the top of the form) 
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• IsMdiContainer  - true        :(the form’s appearance will change) 
• Windowstate – Maximized :(Window will be maximized/fill the screen) 

 

c) Normally you add a menu strip to your parent form to allow you to open child forms. 

 

 

 

 

 

 

To set up a Parent Form: 
• Open the ToolBox and drag a Menustrip control onto the Form. 
• To add menu items to the menu, click the Type Here TextBox and type the menu item’s 

name. 
• Type an ampersand (&) before the character that you want to be your access shortcut 

key. (When you execute the form press alt to see your shortcut keys). 
To add child forms:  
In the solution explorer right click your project name  àAdd àWindows Form. (This will add a 
form to your project.) 
Change the following properties: 

a) Name – FrmAddInfo                 :(You will refer to this name in code) 
b) Text – Add Information  :(Will display at the top of your new form) 

 
 
 
 
 
 
 
 
 
 

To link a child form to a parent form:  
a) Double click the menu item which needs to show the new form when clicked.  For 
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example: Add Information menu item on the ParentForm to open the Click event 
of the menu item. Type the code given below. 

 
FrmAddInfo Child1 = new FrmAddInfo ();  :(Creates a new instance of the form) 
Child1.MdiParent = this;   :(Links the child form to the parent form) 
Child1.Show();               :(Displays the child form within the parent form) 

 

To perform various tasks with the child forms:  
a) this.ActiveMdiChild.Close();           :(Will close the current open child form) 
b) Application.Exit();          :(Will quit the application) 
c) this.LayoutMdi(MdiLayout.Cascade);:(Will arrange the open child forms     

                                                             according to the layout specified.) 
                                                                     Also try MdiLayout.TileHorizontal, 
                                                                                     MdiLayout.TileVertical. 

 

These notes will help students to construct viable mental models on certain topics that are 

easily misunderstood or not done in depth in the current textbook. 

6.3.3 C1GL3: Scaffolding concepts 

The full guideline is: Attention should be given to scaffold the concepts presented to 

promote problem-solving, viable mental model construction and abstraction. 

The intervention requirements for C1GL3 include: Activities that build viable mental 

models step-by-step through the slow introduction of concepts. 

In cycle 1, interventions that relate to this guideline and the success thereof included 

(Table 6.3) the lecturer completing an example with the class (success – unsure). During 

the practical contact session, the lecturer explained concepts and completed an activity 

step-by-step with the students, which is followed by an upload of the suggested solution 

on the particular lessons page on eFundiTM. This intervention is kept. 

Other interventions promoting problem-solving, viable mental model construction and 

abstraction in the course include SI (§ 6.3.1.1) and the additional contact session 

(§ 6.3.1.2).  
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6.3.4 C1GL4: Relevant study material 

The full guideline is: Students must have the relevant study material in order to promote 

engagement, preparation and viable mental models and to reduce the influence of natural 

language on misconceptions. 

The intervention requirements for C1GL4 include: Prescribe suitable study material that 

suits the outcomes of the course. 

The current textbook is not entirely suitable in the sense that certain examples are done 

using the console window when the course deals with graphical user interfaces (§ 5.6.5). 

The majority of concepts presented still remain relevant. The textbook is prescribed for 

UIP 1 (preceding course) as well as for this course. The textbook cannot be changed at 

this point in time, as the semester already commenced. In an effort to promote the use of 

the textbook, certain strategies are planned and are discussed next. 

6.3.4.1 Cheat sheets 

A cheat sheet is a single page, handwritten document allowed to be taken into the 

assessment venue (Figure 6.3). At first, an open-book test is considered, but it is decided 

that cheat sheets have more benefits, specifically information processing as in the PSLE. 

A cheat sheet is used as a learning tool when students are preparing for examinations, 

because closed-book tests have students focusing on unnecessary aspects such as 

memorising syntax, facts or even blocks of code, while an open-book test can give a false 

sense of security, and students might prepare less (Malan & Pieterse, 2017:71). 

The idea of setting up a cheat sheet is so that students have to internalise the concepts 

learned in order to set up a good cheat sheet. As per the study of 

Malan and Pieterse (2017), the format has to be hand written in order to encourage the 

internalisation of concepts (Erbe, 2007:97), and the quantity is limited to one A4 page front 

and back (Malan & Pieterse, 2017:71). The effort level and process of setting up the cheat 

sheet are critical success factors for the effectiveness of a cheat sheet (Erbe, 2007:96). 
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Figure 6.3: An example of a student’s cheat sheet 

One semester test and the examination were allowed to be written with a cheat sheet. 
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6.3.4.2 Counting the number of course textbooks 

Counting the number of textbooks owned by students is planned in order to quantify the 

perceived situation and to create a consciousness of the importance of textbooks among 

the students. 

6.3.5 C1GL5: Sufficient contact time 

The full guideline is: Sufficient contact time is necessary to explain, scaffold and practise 

concepts. 

The intervention requirements for C1GL5 include: Additional contact time is necessary to 

at least align the contact time on campuses. 

The additional contact session (§ 6.3.1.2) is planned in an attempt to align the contact time 

on the campuses and to provide enough time to deal with misconceptions, explain and 

practise concepts.  

6.3.6 C1GL6: Social interaction 

The full guideline is: Activities promoting social interaction have to be incorporated. 

The intervention requirements for C1GL6 include: Social interaction should have the goal 

of students working together to complete a task in order to allow for the possibility that 

students can explain different concepts to one another, which is in a more comfortable 

setting than between lecturer and students, for instance. 

The SI session (§ 6.3.1.1) aims to address this requirement by allowing students to talk to 

peers within the SI session and the SI leader, who they might feel more comfortable talking 

to as it is also in a more relaxed setting.  

The additional contact session (§ 6.3.1.2) is more informal, specifically focusing on 

students’ needs and revisiting concepts as many times as needed. 
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6.3.7 C1GL7: Consider external pressures 

The full guideline is: Activities should be planned carefully since external pressure has a 

negative effect on students’ time management. 

The intervention requirements for C1GL7 include: Activities should be planned so that 

contact time is used for students to have access to the lecturer to correct non-viable mental 

models and activities should serve a purpose in terms of learning and grades. 

An attempt is made to provide more opportunities for students to engage with the lecturer 

as best as the situation allows within the boundaries of the current situation (no venues 

available to fit all students). Considering external pressure, a plan is formulated that can 

alleviate some pressure in terms of assessment opportunities, which will be discussed 

next. 

6.3.7.1 Additional assessment opportunities 

In order to alleviate pressure, students will be allowed to have the quiz, assignments and 

semester test with the lowest mark fall away. An additional semester test is also added 

(three instead of two). These will include: 

• Quizzes before each study unit of which only five out of six quizzes contribute ten 

percent towards the PM of a student instead of all six (cycle 1); 

• Assignments of which only four out of five assignments contribute 30% towards the 

PM instead of all five (cycle 1); and 

• Semester tests of which two out of three contribute 60% towards the PM instead of 

only writing two semester tests and both contributing (cycle 1).  

These interventions will be discussed in the intervention talk. 
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6.3.8 C1GL8: Self-critical reflection by the lecturer 

The full guideline is: Self-critical reflection by the lecturer on knowledge and instruction in 

order to improve instructional design. 

The intervention requirements for C1GL8 include: Reflect on interventions and make 

necessary changes to improve the programming skills of students. 

The lecturer listens to the affected students, reflects critically (cycle 1) and makes 

adaptions to the instructional approach (plan intervention) in order to improve the 

programming skills of students using a critical systems approach. 

6.3.9 Summary of interventions planned 

In summary, the additional interventions used for the current cycle are listed in Table 6.5. 

Where possible, a link to the possible interventions is provided. 

Table 6.5: Summary of additional interventions for AR cycle 2 

Actual interventions Link to PI (Table 6.4) 

AI10: Additional contact session N/A 

AI11: SI PI5: Peer assisted learning 

AI12: Lecturer “how-to” notes Inspired by PI4: Cheat-sheets 

AI13: More assessment opportunities PI1: Formative assessments 

AI14: Cheat-sheets PI4: Cheat-sheets 

AI15: Request to lecture UIP 1 N/A 

AI16: Intervention talk N/A 

AI17: Count textbooks N/A 
 

The additional interventions for cycle 2, as discussed in the previous sections, which 

address the intervention requirements (Table 6.2), are listed for cycle 2 in Table 6.6. 
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Table 6.6: Mapping of interventions for  AR cycle 1 and additional 

interventions for AR cycle 2 to intervention requirements 

Intervention 
requirements Intervention (cycle 1) Success  

Additional 
interventions in 

cycle 2 

Revisit concepts needed 
to complete current 
course, even if it includes 
concepts from previous 
courses. 

AI1: Read a chapter before 
each study unit Unsure AI10: Additional 

contact session. 
AI11: SI. 
AI15: Request to 
lecture UIP 1. 
AI16: Intervention 
talk. 

AI2: Watch tutorial videos No 

AI3: Concept quiz before 
study unit Yes 

Activities that promote 
problem-solving, viable 
mental model 
construction and 
abstraction within 
constructivist guidelines 
(Ben-Ari, 2001:68). 

AI3: Concept quiz before 
study unit Yes 

AI10: Additional 
contact session. 
AI11: SI. 
AI12: Lecturer “how 
to” notes. 

AI4: Lecturer completes an 
example with class Unsure 

AI5: Class assistants assist 
within the practical class to 
correct non-viable mental 
models 

Unsure 

AI6: Provide suggested 
solution to example (C1AI4) No 

AI7: Provide ungraded 
suggested solution for in-
class activity 

No 

AI8: Provide ungraded 
suggested solution for 
homework activity 

No 

AI9: Provide graded 
suggested solutions and 
feedback for assignments 

Yes 

Activities that build viable 
mental models step-by-
step through slow 
introduction of concepts. 

AI4: Lecturer completes an 
example with class Unsure 

AI10: Additional 
contact session. 
AI11: SI. 
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Table 6.6: Mapping of interventions for AR cycle 1 and additional 

interventions for AR cycle 2 to intervention requirements 

(continued) 

Intervention 
requirements Intervention (cycle 1) Success  

Additional 
interventions in 

cycle 2 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

Not addressed 

AI14: Cheat sheets to 
promote information 
processing activities. 
AI17: Count the 
number of textbooks 
in order to quantify 
and monitor progress. 

Additional contact time is 
necessary to at least align 
the contact time on 
campuses. 

Not addressed AI10: Additional 
contact session. 

Social interaction should 
have the goal of students 
working together to 
complete a task in order 
to allow the possibility that 
students can explain 
different concepts to one 
another, which is in a 
more comfortable setting 
than between lecturer and 
students, for instance. 

Not addressed 
AI10: Additional 
contact session. 
AI11: SI. 

Activities should be 
planned so that contact 
time is used for students 
to have access to the 
lecturer to correct non-
viable mental models and 
activities should serve a 
purpose in terms of 
learning and grades. 

Not addressed 

AI10: Additional 
contact session. 
AI11: SI. 
AI13: More 
assessment 
opportunities. 

Reflect on interventions 
and make necessary 
changes to improve the 
programming skills of 
students. 

Guidelines developed in Chapter 5, 
diagnosis (§ 6.2) and planning 
intervention (§ 6.3) in the current 
chapter 

All – Listen to 
students and adapt 
instructional design. 
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The interventions used in cycle 1 and cycle 2 are summarised in Table 6.7. The table 

builds on the actual interventions table and success thereof in Chapter 5 (Table 5.15). The 

cycle in which the intervention is initiated is indicated. The success of the current cycle’s 

interventions cannot be determined yet, and is indicated with TBI, in short for “to be 

investigated”. As mentioned earlier, it is important to understand the context of this 

intervention, not wanting to disrupt the students more; therefore, interventions that did not 

succeed in the first six weeks of the course (cycle 1) will remain in an attempt to avoid 

further disengagement from the students. 

Table 6.7: Actual interventions used for AR cycle 1 and AR cycle 2 

Actual intervention Link to PI (§ 
4.4.3.3) Success Introduced 

in cycle? 

AI1: Read a chapter before each study unit PI3: Prepare 
before class Unsure C1 

AI2: Watch tutorial videos PI2: Tutorial 
videos No C1 

AI3: Concept quiz before study unit 

PI1: Formative 
assessments  
PI3: Prepare 
before class 

Yes C1 

AI4: Lecturer completes an example with 
class N/A Unsure C1 

AI5: Class assistants assist within the 
practical class to correct non-viable mental 
models 

PI5: Peer assisted 
learning PI6: Pair 
programming 

Unsure C1 

AI6: Provide suggested solution to example 
(AI4) 

PI1: Formative 
assessments No C1 

AI7: Provide ungraded suggested solution for 
in-class activity 

PI1: Formative 
assessments No C1 

AI8: Provide ungraded suggested solution for 
homework activity 

PI1: Formative 
assessments No C1 

AI9: Provide graded suggested solutions and 
feedback for assignments 

PI1: Formative 
assessments Yes C1 
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Table 6.7: Actual interventions used for AR cycle 1 and AR cycle 2 (continued) 

Actual intervention Link to PI (§ 
4.4.3.3) Success Introduced 

in cycle? 

AI10: Additional contact session N/A TBI C2 

AI11: SI 
PI5: Peer 
assisted 
learning 

TBI C2 

AI12: Lecturer “how-to” notes Inspired by PI4: 
Cheat-sheets TBI C2 

AI13: More assessment opportunities PI1: Formative 
assessments TBI C2 

AI14: Cheat-sheets PI4: Cheat-
sheets TBI C2 

AI15: Request to lecture UIP 1 N/A TBI C2 

AI16: Intervention talk N/A TBI C2 

AI17: Count textbooks N/A TBI C2 
 

The actual interventions will be added for each cycle as the study continues. Pair 

programming (PI6) is on the wish list for future cycles, because it is the perspective of the 

lecturer that a certain readiness is needed for the implementation of pair programming.  

The intervention plan is reflected upon in terms of its positioning within 

Lye and Koh's (2014:59) PSLE in the next section. 

6.3.10 Reflecting on the positioning of the planned intervention within PSLE 

The guidelines that were developed in cycle 1 incorporate the guidelines for a PSLE as 

Lye and Koh (2014:59) suggest. Therefore, many interventions planned in cycle 1 already 

incorporate the guidelines for a PSLE, and are shown in Table 6.8. The additional 

interventions that are added to interventions in cycle 1 are also indicated. 
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Table 6.8: PSLE applied to AR cycle 2 

PSLE guidelines (§4.3) Strategies for cycle 1 with additional 
strategies for cycle 2 

Linked to cycle 1 
guidelines (Table 6.2) 

PSLE1: Authentic 
problems 

Provide students with problems/systems 
which they can relate to and envision 

C1GL4: Relevant 
study material 

PSLE2: Information 
processing Refer to Table 6.9 

PSLE3: Scaffolding 

Cycle 1: 
Al4: Lecturer completes an example with 
class 

In addition, for cycle 2: 
Al10: Additional contact session 
Al11: SI 

C1GL3: Scaffoldings 

PSLE4: Reflection 

Cycle 1: 
Al6: Provide suggested solution to 
example (Al4) 
Al7: Provide ungraded suggested solution 
for in class activity 
Al8: Provide ungraded suggested solution 
for homework activity 
Implicit reflection when comparing 
solutions with their own work 

No addition for cycle 2 

No guideline yet 

PSLE 5: Miscellaneous Environmental factors and lecturer 
knowledge 

C1GL7: Consider 
external pressures 
C1GL8: Lecturer 
knowledge: self-critical 
reflection 

 

Ben-Ari's (2001:68) guidelines for CS educators on the practical application of 

constructivism (§ 4.2.3) are used to address information processing activities within Lye 

and Koh's (2014:59) PSLE design (§ 4.3). In order to improve the programming skills of 

students, viable mental model construction is a priority and in line with constructivism. A 

list follows with practical applications of constructivism in order to address information 

processing (Table 6.9) for this study: 
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Table 6.9: Constructivist guidelines to improve information processing of 

students applied to AR cycle 2 (Ben-Ari, 2001:68) 

Constructivist 
guidelines (§ 

4.2.3) 

Cycle 1 interventions with additional 
interventions planned for cycle 2 

Linked to cycle 1 
guidelines (Table 6.2) 

Desired cognitive 
change for students 
(mere knowledge 
transferring is not 
sufficient) 

Cycle 1: 
Follow a computational thinking 
instructional approach (PSLE) with 
interventions aimed at improving mental 
models and problem-solving skills. Plan 
classes according to needs of students. 

In addition, for cycle 2: 
Add cognitive activities: 
AI10: Additional contact session 
AI11: SI  
AI14: Cheat sheets 

C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C1GL8: Self-critical 
reflection 

Prior knowledge. 

Cycle 1: 
AI1: Read a chapter before each study unit. 
AI3: Concept quiz before study unit (§ 
5.4.1). 

In addition, for cycle 2: 
AI10: Additional contact session 
AI15: Request to lecture UIP 1 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 

Abstraction for 
course. 

Cycle 1: 
Present concepts in an understandable, 
relatable way 
AI2: Watch tutorial videos 

In addition, for cycle 2: 
AI10: Additional contact session 
AI11: SI  
AI12: Lecturer “how-to” notes  
AI13: More assessment opportunities  
AI14: Cheat sheets 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1CL4: Relevant study 
material 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C1GL7: External factors 
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Table 6.9: Constructivist guidelines to improve information processing of 

  students applied to AR cycle 2 (Ben-Ari, 2001:68) (continued) 

Constructivist 
guidelines (§ 

4.2.3) 

Cycle 1 interventions with additional 
interventions planned for cycle 2 

Linked to cycle 1 
guidelines (Table 6.2) 

Facilitating the 
process of 
modifying the 
mental model. 

Cycle 1: 
AI5: Class assistants assist within the 
practical class to correct non-viable mental 
models 

In addition, for cycle 2: 
AI10: Additional contact session 
AI11: SI  

C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 

Individual reflection 
& social interaction. 

Cycle 1: 
AI6: Provide suggested solution to example 
(AI4) 
AI7: Provide ungraded suggested solution 
for in-class activity 
AI8: Provide ungraded suggested solution 
for homework activity 

In addition, for cycle 2: 
AI11: SI  
SI to enhance social interaction because of 
smaller groups 

C1GL6: Social interaction 
 

 

More details regarding the interventions planned for the instructional approach for this 

course are provided. 

6.3.11 Action plan: Updated instructional design 

The proposed and updated instructional design incorporates the interventions as 

discussed in the previous sections and is discussed in terms of student preparation 

(§ 6.3.11.1), participation (§ 6.3.11.2), reflection (§ 6.3.11.3), formative (§ 6.3.11.4) and 

summative (§ 6.3.11.5) assessment as well as once-off interventions (§ 6.3.11.6). Finally, 

the proposed instructional approach is summarised (§ 6.3.11.7). 
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6.3.11.1 Student preparation before the contact session 

For cycle 2, chapter summaries and student presentations on study units are considered, 

but no new interventions are added as preparation because of external pressures 

experienced by students (C1GL7). Therefore, the preparation remains the same as in 

cycle 1, which entails: 

• Students read a chapter before the first class on that specific study unit; 

• Watch a tutorial video before a new study unit; and  

• Write a graded concept test on eFundiTM. 

Existing and new interventions that form part of participation during the contact session 

are discussed next.  

6.3.11.2 Participation during contact session 

During the practical contact session, the lecturer explains concepts and completes an 

activity step-by-step with the students similar to cycle 1, which is followed by an upload of 

the suggested solution on the particular lessons page on eFundiTM. In-class activities that 

are completed by the students following the step-by-step explanation are submitted using 

eFundiTM’s assignments tool and assistants assist during the practical contact sessions. 

In addition, for cycle 2, an optional additional contact session led by the lecturer is 

scheduled. The interventions are summarised as: 

• Lecturer explains concepts and completes an activity step-by-step (cycle 1); 

• Upload the suggested solution on the particular lesson’s page on eFundiTM (cycle 1); 

• Submission of ungraded in-class activities (cycle 1); 

• Assistants assist during practical sessions (cycle 1); and 

• New – Optional additional contact session (1.15 hours). 
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Reflection/revision activities that follow and build on the contact session are discussed in 

the next section. 

6.3.11.3 Reflection/revision after contact session 

After the contact session, the suggested solutions are provided for in-class activities. 

Homework is given after each study unit and the suggested solutions are uploaded after 

the submission date for the homework. Homework is seen as preparation for the 

assignment. The suggested solutions are provided in order to enhance reflection, similar 

to cycle 1. Additionally, SI sessions are added to enhance information processing, 

scaffolding and social interaction as well as lecturer “how-to” notes. The interventions 

planned are as follows: 

• Upload suggested solution for the in-class - and homework activities on eFundiTM 

(cycle 1);  

• Give ungraded homework activity, submitted using eFundiTM (cycle 1);  

• New – Supplemental instruction; and 

• New – Lecturer “how-to” notes. 

The interventions in this section are not graded, but there are other interventions that are 

graded in the form of formative and summative assessment, which is discussed next. 

6.3.11.4 Formative assessment 

Formative assessments are planned with the aim to inform students of their current 

understanding and possible misconceptions. All formative assessments remain as in cycle 

1, with a slight change in terms of the number of assessments that will contribute towards 

a student’s participation. As an intervention, additional assessment opportunities are 

added, which include: 

• Quizzes (cycle 1) before each study unit, of which only five out of six quizzes contribute 

10% towards the PM of a student; 
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• Assignments (cycle 1), of which only four out five assignments contribute 30% towards 

the PM; and 

• Semester tests, of which two out of three contribute 60% towards the PM.  

In addition, the use of cheat sheets is added. One semester test was allowed to be written 

with a cheat sheet and these were also allowed in the examination, which is discussed 

next. 

6.3.11.5 Summative assessment 

The examination remains the same as in cycle 1, with the addition of allowing a cheat 

sheet into the examination room. 

6.3.11.6 Once-off interventions not part of the instructional design 

Other interventions are planned, which are executed once. These interventions can be 

summarised as: 

• Requesting to lecture UIP 1;  

• An intervention talk is planned in order to engage with the students; and  

• Counting the number of textbooks.  

All interventions are now summarised in the next section, except the once-off 

interventions.  

6.3.11.7 Summary of the proposed instructional approach 

The intervention planned for this cycle is shown in Table 6.10, based on planned class 

activities that promote active learning. Each PSLE aspect is mapped to each action 

planned, which, in turn, maps to the guidelines from cycle 1 (§ 6.3); this initial mapping 

occurs in Table 6.7 and Table 6.8. In addition, computational thinking skills, which are 

addressed, are listed for each action planned. 
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Table 6.10: Intervention plan for AR cycle 2 

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 
Student preparation before contact session 

AI1: Read a chapter before each study unit 

PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI2: Watch tutorial videos Abstraction 

AI3: Concept quiz before study unit Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during contact session (3 x 1.15 hour sessions)  

Two 1.15-hour contact 
sessions 

AI10: Additional contact session: 
Three 1.15-hour contact sessions 

All 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI4: Lecturer completes an example with class 
AI6: Provide suggested solution to example (C1AI4) 
Give in-class activity, one problem per practical (2 times a 
week) 

All 

AI5: Class assistants assist within the practical class to correct 
non-viable mental models 

PSLE2: Information 
processing 
PSLE3: Scaffolding 

Reflection/revision after contact session 
AI7: Provide ungraded suggested solution for in-class activity 
on eFundiTM PSLE4: Reflection Abstraction 
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Table 6.10: Intervention plan for AR cycle 2 (continued) 

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 
Reflection/revision after contact session 

Students receive one homework activity per study unit 
AI8: Provide ungraded suggested solution for homework 
activity on eFundiTM 

PSLE4: Reflection Decomposition, abstraction, algorithms, 
debugging, iteration 

No SI sessions AI11: SI PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

No “how-to” guides AI12: Lecturer “how-to” notes PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

Formative assessment 

Six quizzes (each 
contributes 10% 
towards PM) 

AI13: More assessment 
opportunities: 
Five out of six quizzes contributes 
10% towards PM. 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

Five assignments (All 
contribute 30% towards 
PM) 

AI13: More assessment 
opportunities: 
Four out of five assignments 
contribute 30% towards PM. 

Two semester tests (All 
contribute 60% towards 
PM) 

AI13: More assessment 
opportunities: 
Two out of three semester tests 
contribute 60% towards PM. 
* AI14: Cheat sheets were allowed 
in one semester test 
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Table 6.10: Intervention plan for AR cycle 2 (continued) 

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 
Summative assessment 

3-hour practical 
examination 
(Contributes 50% 
towards course mark) 

Three-hour practical examination 
(contributes 50% towards course 
mark). 
* AI14: Cheat sheets 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

 

The intervention plan (Table 6.10) also highlights instructional design changes between cycle 1 and cycle 2. Interventions such 

as preparing a chapter ahead of class and writing a quiz and watching tutorial videos that were initiated in cycle 1 are still used in 

this cycle, with the addition of additional assessment opportunities, SI sessions, “how-to guides”, cheat sheets and an additional 

weekly class presented by the lecturer. 

The planned instructional approach (Table 6.10) is executed in the next section. 

 

 



 

239 | C h a p t e r  6 :   A c t i o n  r e s e a r c h  c y c l e  2  
 

6.4 Action taking 

The planned interventions are carried out as set out in the previous section. The 

intervention initiates with an intervention talk to address students’ attitudes and lack of 

responsibility for learning (C1GL1, Table 6.2). A summary of the actions that are carried 

out during the intervention talk includes: 

• Asking the students to reflect on and assess their abilities to apply for a relevant job 

as shown in an advert, and whether they would qualify for the entry-level position, 

since this is technically the last core programming course in their curriculum; 

• Discussing the importance and relevance of the course; 

• Explaining that no programmer knows all, but will need to figure it out (§ 4.4.1.4– 

abstraction and § 4.2.3 – viable mental model construction) and that problem-solving 

(§ 4.4.1.2) forms a major part of this process; 

• Explaining to students that the lecturer does care, and direct communication is key to 

a successful relationship; 

• Explaining that an attitude change is necessary to improve performance in the course; 

and 

• Discussing additional opportunities that will be provided and that it is not too late to still 

reach the outcomes of the course (SI, additional class, assignments etc.). 

An additional contact session is added, with a lower capacity than the number of students 

(§ 6.3.11.2), since this was the only venue available. Class assistants still assist during 

the contact session. After the contact session, SI sessions are conducted by an SI leader 

focusing on concepts. Lecturer “how-to” notes are uploaded on eFundi
TM

 for students to 

use for either difficult concepts or content not sufficiently covered by the textbook. Cheat 

sheets are also introduced and allowed in one semester test and in the examination. The 

students are given the opportunity for one less quiz and assignment to contribute towards 

their PM. Additionally, another semester test is added. 
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The evaluation takes place in the next section regarding the intervention plan. 

6.5 Evaluation 

During the evaluation phase, interviews are conducted in order to strive towards the totality 

of conditions as explained by Kant with the aim to understand (§ 3.2.5.1). The empirical 

report will be discussed according to participants (§ 6.5.1), data collection (§ 6.5.2), data 

representation, analysis and findings for interviews in terms of the experiences of the 

students (§ 6.5.3), and the lecturer’s rational perspectives are presented, analysed and 

findings are listed (§ 6.5.4). 

6.5.1 Participants 

The participants who form part of the evaluation include students who completed the UIP 

2 course. All students in UIP 2 were asked to voluntarily participate in the research 

interviews. A page with a discussion of the purpose of the interpretive questionnaire, the 

process of the interview and assurance of anonymity is circulated along with an empty 

list where students could write their contact details down. This list is used to contact 

participants for interviews. There were 20 volunteers who provided their details on the list. 

There were 22 volunteers who provided their details on the list. Purposeful participant 

selection was used, considering participants’ final course grade to invite them (students 

that volunteered) for interviews; for example, inviting three students (in each category) 

who achieved distinctions, performed average (50 to 74%) and failed the course. The 

following students were available for interviews in the provided time slots: three students 

(P1, P2, P3) who achieved distinctions, two students (P4, P5, P6) who achieved an 

average grade (50 to 74%), and no volunteers on the list who failed the course. In general, 

it seems that students who were more positive volunteered for the interviews, which can 

possibly influence the interviews to portray more positive views. Special care was taken 

to repeatedly invite students who failed the course (even though they were not on the list), 

but no one agreed. The participants were interviewed and their interviews were used for 

transcription and analysis. 
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6.5.2 Data collection: Towards the totality of conditioned realities 

Each student brings his/her own conditioned view to the classroom. This study strives 

towards the totality of conditioned realities as explained by Kant (§ 3.2.5.2). The totality of 

conditioned realities is an ideal, but understanding more conditioned views enhances the 

understanding about the problematical situation (Ulrich, 1983:225). The conditioned views 

are presented in the sections that follow, where data is collected, analysed and presented 

in terms of findings portraying the polemical views of students. The interviews are coded 

using Atlas.ti.  

Firstly, the polemical views of the affected students in the form of formal interviews 

(§  6.5.3) are presented, analysed and findings are given. The interviews take place face 

to face and are recorded in order to transcribe in Atlas.ti for coding and analysis. From a 

critical systems perspective, the aim of the data collection is to understand and to “sweep 

in” (Ulrich) any relevant information. During interviews, the researcher engages in 

conversation with the participant and is able to elaborate or rephrase questions if required. 

Many questions are open-ended, which allowed the researcher to request elaborations 

when necessary, as suggested by Kaplan and Maxwell (2005:40). 

The questions are presented in Table 6.11 and were developed firstly to understand, and 

secondly to validate the instructional approach and interventions used. The questions are 

either linked to the actual interventions used (Table 6.7), and/or the PSLE aspect 

addressed (Table 6.8). Some questions are open ended in an effort to learn as much 

about the students’ perceptions of the instructional approach followed and their experience 

of the interventions used. The letter for consent is included in Annexure A. A separate file 

contains the interview transcripts. 
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Table 6.11: Interview questions for AR cycle 2 

 

Nr. Question 
Actual 

intervention 
(Table 6.6) 

PSLE (Table 6.8) 

1 

How did you feel after the first class test for 

UIP 2? If negative, was the different lecturing 

style from UIP 2 to UIP 1 a factor? 

AI16: Intervention 

talk 
All 

2 
How did you feel towards the end of 

ITRW211? 
All All 

3 
Would you say that the content of UIP 2 

helped you to complete other courses?  
N/A All 

4 What did you enjoy about ITRW211? All All 

5 What did you not enjoy about ITRW211? All All 

6 
What could have been done differently by the 

lecturer in class? 
All All 

7 
Did you always complete and submit class 

activities? Why/Why not?  
N/A 

PSLE2: Information 

processing 

8 
Did you watch the videos posted before 

class? Why/why not? 

AI2: Watch 

tutorial videos 

PSLE2: Information 

processing 

9 
Did you prepare (read textbook) before class? 

Why/Why not? 

AI1: Read a 

chapter before 

each study unit 

PSLE2: Information 

processing 

10 

Did you find the textbook relevant and used it 

during class or relied on the lecturer for 

information? 

AI1: Read a 

chapter before 

each study unit 

PSLE1: Authentic 

problems 

PSLE2: Information 

processing 

11 
What is your opinion on the use of cheat 

sheets? 

AI14: Cheat 

sheets 

PSLE2: Information 

processing 

12 
How would you describe to your friend what it 

means and involves to learn how to program? 
N/A N/A 

13 

Did you feel that you learned the content while 

the lecturer completed examples of code in 

front of the class or do you prefer to figure it 

out on your own first and ask for help when 

necessary? 

AI4: Lecturer 

completes an 

example with 

class 

PSLE2: Information 

processing 

PSLE3:Scaffolding 

14 

Where do you start to solve the following 

problem? 

* Provide programming problem 

N/A 

PSLE2: Information 

processing 

PSLE3:Scaffolding 
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The following programming problem is provided for question 14: 

Programming problem 

DSTV needs a program that will allow a store operator to sell DSTV packages to clients. For 

each sale, the program must ask the user to enter the customer’s name, surname and the 

DSTV package (Premium, Extra, Compact) that was purchased. The program should stop 

when the character ‘Q’ or ‘q’ is entered as the name of the client. Generate a formatted report 

that will display appropriate headings as well as the customer’s initial and surname, the DSTV 

package chosen and the price. The price for each DSTV package is as follows: 

Premium R759 

Extra  R459 

Compact R345 

 

Secondly, the rational argumentation of the lecturer (§ 6.5.4) is presented, analysed and 

findings are declared. 

The collected data is analysed in the sections that follows. 

6.5.3 Representation and analysis: Polemical views of the affected students 

during formal interviews 

In this section, the polemical views of students are presented. In Chapter 2, the research 

methodology for this study is explored, and the decision is made to use content analysis 

(§ 2.4.8). The strategy followed for coding is outlined in the next section (§ 6.5.3.1), and 

is further broken down into steps in the sections that follow (§ 6.5.3.1 - § 6.5.3.8). 

There are three types of content analysis, as shown in Table 2.7, namely conventional 

content analysis (also known as undirected content analysis), directed content analysis 

and summative content analysis (Hsieh & Shannon, 2005:1286). 

In undirected content analysis, codes are derived from data, and therefore they are 

defined during data analysis. Directed content analysis has pre-formed codes that are 

derived from theory. Summative content analysis uses a mixture of pre-formed codes and 

codes derived from analysis.  
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In this study, undirected content analysis is used since most of the literature reports on 

findings across the world, and not necessarily within a South African context. Although a 

literature study is done to report on the problems when learning to program, undirected 

content analysis is used to understand the views and experiences of the participants. 

6.5.3.1 Coding strategy 

The coding strategy is done using Zhang and Wildemuth's (2009:3) guidelines 

(Table 6.12) to perform content analysis, which includes preparing the data (§ 6.5.3.2), 

defining the unit of analysis (§ 6.5.3.3), developing categories and a coding scheme (§ 

6.5.3.4), testing the coding scheme (§ 6.5.3.5), coding all the text (§ 6.5.3.6), assessing 

the coding consistency (§ 6.5.3.7), drawing conclusions (§ 6.5.3.8) and reporting on 

methods and findings. Step eight, reporting on methods and findings, is discussed in 

Chapter 2 and Chapter 9. 

Table 6.12: Content analysis guidelines applied to this study 

  

Step Step description Application to this study  

1 Prepare the data 
The interviews are transcribed and any personal information is 

removed (§ 6.5.3.2). 

2  
Define the unit of 

analysis 

Conventional, also known as undirected content analysis is 

performed in order to gain understanding of programming 

students’ perspectives on learning to program and interventions 

used (§ 6.5.3.3).  

3  

Develop 

categories and a 

coding scheme 

Literature is used to guide the questions used in the interviews. 

Categorisation of data is not done explicitly, but rather through 

naming conventions in code as a result of undirected content 

analysis (§ 6.5.3.4).  

4  

Test your coding 

scheme on a 

sample of text 

Three interviews are coded as a sample (§ 6.5.3.5).  

5  Code all the text 

The remainder of the interviews are coded as described (§ 

6.5.3.6). New codes are recorded with each interview and as new 

codes are created and used in the next step to verify consistency.  

6  
Assess the coding 

consistency 

Using the new codes in Step 5, prior interviews are revisited and 

assessed for consistency. Codes that are related are grouped 

together to ensure consistency, as discussed (§ 6.5.3.7).  
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Table 6.12: Content analysis guidelines applied to this study (continued) 

 

Zhang and Wildemuth's (2009:3) guidelines are performed step-by-step in the sections 

that follow.  

6.5.3.2 Step 1: Prepare the data 

The interviews for this cycle are recorded and coded in Atlas.ti from audio files. 

6.5.3.3 Step 2: Define the unit of analysis 

Defining the unit of analysis in undirected content analysis involves relating an expression 

of a concept to a unit of analysis. Initially, it was the intention to compare responses of 

participants of each question individually. Because the questions are open-ended and 

responses do not necessarily match the question’s intention, the complete response is 

compared to the interpretive questionnaire rather than comparing questions individually. 

This is in line with principle 2 of interpretive research (Table 2.2), i.e. the hermeneutic 

circle. 

6.5.3.4 Step 3: Develop categories and a coding scheme 

Categories are not explicitly formed; instead, naming conventions naturally group 

information. For example, some codes contain a prefix such as “Current course:” to 

indicate that the code is related to the current course. The codes are derived from the 

data.  

Step Step description Application to this study  

7  

Draw conclusions 

from the coded 

data 

A focused analysis follows after using Atlas.ti to create code 

categories, and is presented (§ 6.5.3.8) 

8  

Report your 

methods and 

findings 

Chapters 2 and 9 serve as the report of the methods and findings.  
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6.5.3.5 Step 4: Test coding scheme 

This step involves coding a unit of analysis, for example a piece of text. For this step, a 

response to a question was used as a unit of analysis. Undirected content analysis 

requires an undirected approach to code according to the unit of analysis. 

In order to test the undirected approach to content analysis, three responses were coded 

using Atlas.ti, based on undirected created codes according to the audio interview files. 

Codes created in the first document are reused in the second and third. 

During the interviews, it was decided to rephrase question 12 in Table 6.7. The participants 

did not understand the question. The rephrased question is now: “What characteristics are 

needed to be a programmer?”. 

Coding excerpt 1 contains the codes allocated using Atlas.ti for two participants’ 

responses to the same question. The comparison of the results is discussed below. 

Coding excerpt 1: Codes for P1’s & P2’s response to their feeling after the first class 
test. 

 

P1 
Codes: First test: I did well; Personal opinion: Coding is easy; Personal opinion: Enjoy 
programming; Preceding module: predictability of assessments; Preceding course: 
Previous course used worked example; Preceding course: Was easy, I performed well. 

 

Researcher: How did you feel after the first class test in ITRW 211? 

P1: I cannot really remember, I just remember that the semester before (before this course), it 

was easy because we had everything. All that I remember is that I did very well in the test. 

Researcher: The first test? 

P1: Yes, the first test, because I like coding. Coding is easy for me, so I never performed 

poorly 
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Coding excerpt 1: Codes for P1’s & P2’s response to their feeling after the first class 
test. 

 

Codes linked to the responses in this question are related to a variety of aspects. For 

example, P1’s codes refer to his personal enjoyment of programming as well as the 

previous course. In contrast, P2’s codes for his response relate to the pace of work, 

adaption issues as well as personal preference. This example is a testimony that defining 

a unit of analysis as a response to a question will be limiting in the coding and analysis 

process. It is therefore necessary to view an entire participant’s interview response as a 

unit of analysis that will allow for more logical analyses; furthermore, to view a response 

to a question within context of the whole interview and one participant’s interview in 

relation to other participants’ interviews. Because the unit of analysis is an entire response 

of a participant, a prefix was added to some codes to indicate a specific intervention or 

point in time within the course to add context to some codes, where necessary, to make 

the analysis easier. 

6.5.3.6 Step 5: Code all text 

All text was then coded following this process and the final numbered and alphabetical list 

of codes for all the participants is provided in Table 6.13. 

P2 
Codes: First test: Pace of work is too fast; Personal opinion: Like to work 
independently; Preceding course: new teaching style; Preceding course: struggling to 
cope with adaption. 

Researcher: Can you remember how you felt after writing your first semester test? 

P2: I think because in first year we had a different lecturer you came it was a new teaching 

style, and it was a bit of a shock. I was trying to get my bearings. The thing is that I don’t rely 

too much on the lecturer you know so I was probably not paying much attention to you. I was 

just trying to compare like you and (previous lecturer), who was the last lecturer but I just feel 

like you were rushing.  
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Table 6.13: All codes for AR cycle 2 

Code 
nr 

Codes P1 P2 P3 P4 P5 P6 P7 Total 

1 
A programmer in general: applies 

logical thinking 
2 0 0 1 0 0 0 3 

2 
A programmer in general: needs 

critical thinking 
0 0 1 0 0 0 0 1 

3 
A programmer in general: needs 

patience 
0 1 1 0 0 0 0 2 

4 
A programmer in general: needs to 

manage time 
0 1 0 0 0 1 0 2 

5 
A programmer in general: needs to 

persevere in problem-solving 
1 1 1 1 1 0 0 5 

6 
A programmer in general: should 

consult external sources of information 
0 0 0 0 1 1 0 2 

7 
A programmer in general: should take 

initiative 
0 0 0 0 1 0 0 1 

8 
A programmer in general: should work 

hard 
1 0 0 0 1 1 0 3 

9 
A programmer in general: solves 

realistic problems with technical skill 
0 0 0 1 0 0 0 1 

10 Added pressure: from other courses 0 1 0 0 0 0 0 1 

11 
After intervention: attitude changed for 

the better towards end 
0 1 0 0 0 1 1 3 

12 
After intervention: caught up to 

lecturer’s pace 
0 1 0 0 0 1 0 2 

13 
After intervention: noticed a change, 

could not identify the change 
0 1 0 0 0 1 1 3 

14 Cheat sheets: did not help 0 0 1 0 0 1 0 2 

15 
Cheat sheets: do not know how to 

write a cheat sheet 
0 0 1 0 0 0 0 1 

16 Cheat sheets: helped me prepare 0 0 0 1 0 0 0 1 

17 
Cheat sheets: if you understand, you 

do not need a cheat sheet 
0 0 1 0 1 1 1 4 

18 Cheat sheets: made it too easy 0 1 0 0 0 0 1 2 

19 Cheat sheets: were overboard 0 1 0 0 1 1 0 3 
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Table 6.13: All codes for AR cycle 2 (continued) 

Code 
nr 

Codes P1 P2 P3 P4 P5 P6 P7 Total 

20 
Complete in-class activities: in case it 

counts towards participation 
0 0 1 0 0 0 1 2 

21 
Complete in-class activities: just 

because 
1 1 0 0 0 0 0 2 

22 
Complete in-class activities: prepares 

me for exams and tests 
0 0 1 1 1 1 1 5 

23 
Complete in-class activities: deepens 

understanding 
0 0 1 0 0 1 1 3 

24 Concepts are done in depth 0 1 0 0 0 0 0 1 

25 Current lecturing style: work hard 0 0 0 0 0 1 1 2 

26 Current lecturing style: next level 0 0 0 0 0 1 1 2 

27 
Current lecturing style: no changes 

suggested 
0 1 1 1 0 2 2 7 

28 
Current lecturing style: should leave 

students to figure it out on their own 
0 0 0 0 1 0 0 1 

29 Current course: had to figure it out 1 0 0 0 0 2 2 5 

30 Current course: hands-on approach 0 0 0 0 1 0 1 2 

31 Current course: lecturer did too much 0 0 0 0 2 0 0 2 

32 End of course: felt more motivated 0 0 1 0 0 0 0 1 

33 End of course: no change, still positive 0 0 0 1 1 0 0 2 

34 Enjoyed the course 1 0 0 0 0 0 0 1 

35 First test: did not do my part 0 0 0 0 0 1 0 1 

36 
First test: did not enjoy not preforming 

well 
0 0 1 0 0 0 0 1 

37 First test: feeling that C# is difficult 0 0 1 0 0 1 1 3 

38 First test: I did well 1 0 0 1 1 0 1 4 

39 First test: pace of work is too fast 0 2 0 0 0 0 0 2 

40 Higher expectations of course 1 0 0 0 0 0 0 1 

41 Lecturer notes: helpful 0 0 1 1 0 1 0 3 

42 
Lecturer should explain more to other 

students 
2 0 0 0 0 0 0 2 

43 Module (course) is relevant 1 2 1 1 1 1 0 7 
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Table 6.13: All codes for AR cycle 2 (continued) 

Code 
nr 

Codes P1 P2 P3 P4 P5 P6 P7 Total 

44 
More time needed to spend on 

concepts 
0 1 0 0 0 0 0 1 

45 
Other students: have challenges to 

understand instructions 
1 0 0 0 0 0 0 1 

46 Other students: need more guidance 1 0 0 0 0 0 0 1 

47 
Other students: possess poor mental 

models 
1 0 0 0 0 0 0 1 

48 Personal opinion: coding is easy 1 0 0 0 0 0 1 2 

49 
Personal opinion: enjoy problem-

solving 
2 0 2 0 0 0 1 5 

50 Personal opinion: enjoy programming 2 0 1 0 0 0 0 3 

51 
Personal opinion: I need to 

understand the content 
0 0 1 1 1 1 1 5 

52 
Personal opinion: intrinsically 

motivated to explore course 
3 0 0 1 0 2 1 7 

53 
Personal opinion: like to work 

independently 
3 1 0 0 0 0 1 5 

54 
Personal opinion: my programming 

improved because of figuring it out 
0 0 1 0 0 0 0 1 

55 
Personal opinion: prefer to follow 

lecturer 
0 0 0 2 0 0 0 2 

56 
Personal opinion: prefer to follow 

lecturer, and then try on my own 
0 0 0 2 0 0 1 3 

57 
Personal opinion: prefer to spend 

time on concepts 
2 0 2 0 0 0 0 4 

58 
Personal opinion: programming can 

be stressful 
0 1 0 0 0 0 0 1 

59 
Preceding course: differing lecture 

styles between UIP 1 and UIP 2 
0 1 0 0 1 1 0 3 

60 
Preceding course: not much 

difference 
0 0 0 1 0 0 0 1 

61 
Preceding course: applied rote 

learning 
0 0 1 0 0 1 1 3 
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Table 6.13: All codes for AR cycle 2 (continued) 

Code 
nr 

Codes P1 P2 P3 P4 P5 P6 P7 Total 

62 
Preceding course: assessments 

same as slides 
0 1 1 0 0 0 0 2 

63 
Preceding course: did not learn all 

concepts as supposed to 
0 0 0 0 0 0 2 2 

64 
Preceding course: first-year course; 

slow pace 
0 1 1 0 0 0 0 2 

65 Preceding course: new teaching style 1 1 0 0 0 0 1 3 

66 Preceding course: no spoon-feeding 0 0 0 0 1 0 0 1 

67 
Preceding course: predictability of 

assessments 
1 1 1 0 0 0 0 3 

68 
Preceding course: previous course 

used worked examples 
3 0 0 1 0 0 0 4 

69 Preceding course: spoon-feeding 0 0 0 0 0 1 0 1 

70 
Preceding course: struggling to cope 

with adaption 
0 2 1 0 0 0 0 3 

71 
Preceding course: was easy, I 

performed well 
1 1 2 0 0 1 0 5 

72 
Preparation: was limited due to 

external workload 
0 0 0 0 0 1 0 1 

73 
Programming problem: associate 

word store with a database 
0 1 0 0 1 0 0 2 

74 
Programming problem: associate 

word store with a file 
1 1 1 0 1 0 0 4 

75 
Programming problem: I see inputs 

and controls 
0 0 1 1 1 1 1 4 

76 
Programming problem: I see a 

system 
0 1 0 0 0 0 0 1 

77 
Programming problem: identifies 

decision structures 
1 0 1 1 1 1 0 4 

78 
Programming problem: identifies 

repetition structures 
1 0 1 0 0 0 0 2 

79 
Programming problem: identifies 

variables 
1 0 1 1 0 0 0 3 

80 
Programming problem: order 

packages into classes 
0 1 0 0 0 0 0 1 
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Table 6.13: All codes for AR cycle 2 (continued) 

Code 
nr 

Codes P1 P2 P3 P4 P5 P6 P7 Total 

81 
Programming problem: visualise 

system with interface 
1 0 1 0 1 0 0 3 

82 Programming: involves logical thinking 0 1 0 0 0 0 0 1 

83 
Situate the usability of the course 

within the context of the world 
1 2 0 0 0 0 0 3 

84 Source of information: Google 1 0 0 0 0 0 0 1 

85 
Textbook:  prepared before class 

occasionally 
0 0 0 0 1 1 0 2 

86 Textbook: irrelevant textbook 2 0 0 1 0 0 0 3 

87 Textbook: never prepared before class 1 0 1 0 0 0 1 3 

88 Textbook: only used it in class 0 0 1 0 0 0 1 2 

89 Textbook: prefer a variety of sources 0 0 0 0 1 0 0 1 

90 Textbook: prefer the lecturer as source 0 0 0 1 0 2 1 4 

91 Textbook: relevant 0 0 1 0 1 1 0 3 

92 Textbook: used Java textbook for C# 0 1 0 0 0 0 0 1 

93 
Videos: did not watch all because of 

external workload 
0 0 1 1 1 0 0 3 

94 Videos: were relevant 0 0 1 1 1 1 1 5 

95 Videos: watched some 1 0 1 0 0 1 1 4 

96 
Videos: watched videos when content 

was difficult 
0 1 1 1 0 0 1 4 

97 Wanted to do a project 0 2 0 0 0 0 0 2 

Totals 44 38 42 26 27 35 34 246 

 

After the completion of coding all text, the coding consistency is investigated next. 

6.5.3.7 Step 6: Assess the coding consistency 

Newly created codes are noted manually, and in order to assess coding consistency, 

previous interview responses are evaluated again, and codes created later in the coding 

process are used in responses in earlier stages of the coding process. For example, after 
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coding each interview response, the preceding interview responses are evaluated again 

to identify whether new codes should be included or not. New codes for the second 

participant are given below: 

• First test: Pace of work is too fast; 

• Preceding course: new teaching style;  

• Preceding course: struggling to cope; 

• Added pressure from other courses; 

• Preceding course: differing lecturing styles between UIP1 and UIP 2; 

• After intervention: noticed a change, could not identify the change; 

• After intervention: caught up to lecturer’s pace; 

• Cheat sheets: made it too easy; 

• Cheat sheets: were overboard; and 

• Consistency in the coding process is ensured through re-evaluation of previous 

interviews with the new codes of each new coded response. 

After this process, it was decided to use a prefix to a code where it made sense to indicate 

a specific intervention or point in time within the course to add context to some codes, 

where necessary, to make the analysis easier. 

6.5.3.8 Step 7: Findings 

Table 6.14 shows conclusions that are reached by analysis of codes based on the actual 

interventions and the success thereof. The codes are linked to each actual intervention in 

terms of positive feedback in favour of the intervention or negative feedback not in favour 
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of the intervention. The success of the interventions according to the polemical views of 

students is discussed and can be summarised as: 

• According to the polemical views of students, the textbook was not relevant (code 86) 

and three participants indicated that they never prepared for class (code 87). Many 

participants prefer the lecturer as source of information (code 90). This intervention is 

not successful; 

• The participation rate for watching tutorial videos (AI2) was very low in cycle 1. During 

interviews, students mentioned that the videos were relevant (code 94) and videos 

were watched occasionally (code 95) when content was perceived as difficult (code 

96), but that external workload prevents them from watching the videos (code 93). The 

success of this intervention is uncertain; 

• Participants did not mention any specific information regarding concept quizzes before 

each study unit. No negative comments were mentioned and no changes to the 

lecturing style (instructional approach) were suggested (code 27). This intervention’s 

success is uncertain; 

• The lecturer completing an example with the class (AI4) and providing the solution to 

the example (AI6) as a successful intervention is debatable. Students mentioned in 

the interviews that they had the opportunity to analyse and form mental models in 

hands-on, oriented contact sessions (codes 24, 25, 29 and 30), and in terms of the 

instructional design, many participants indicated that no changes are necessary (code 

27). In contrast, participants indicated they would like to work independently (code 53). 

One participant voiced his/her opinion about other students, and mentioned that other 

students might require more time (code 44) and guidance (code 46) to understand 

concepts and that other students have trouble understanding instructions (code 45). 

The success of these interventions (AI4, AI6) is therefore uncertain; 

• Using class assistants (AI5) in class cannot be determined as successful or 

unsuccessful because of a lack of evidence in the interviews about class assistants. 
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Participants did suggest that no changes are made (code 27) to the instructional 

design, but it still remains inconclusive;   

• The class (AI7) and homework (AI8) activities are overall perceived as positive in Table 

6.14. Participants recognise the importance and value of it (code 22 and code 23) and 

they mention that they are intrinsically motivated to explore the content of the course 

(code 52) and some said that they prefer to explore concepts on their own (code 53). 

The success of ungraded in-class and homework activities is therefore evident (AI7 & 

AI8). 

• The success of graded assignments (AI9) cannot be determined as successful or 

unsuccessful because of a lack of evidence in the interviews about graded 

assignments. Participants did suggest that no changes are made (code 27) to the 

instructional design, but it still remains inconclusive;   

• The optional additional contact- (AI10) and SI sessions’ (AI11) success cannot be 

determined. Participants did mention that they caught up with the lecturer’s pace after 

the intervention (code 12) and that a positive change was noticed, but not identifiable 

(code 13). Participants did suggest that no changes are made (code 27) to the 

instructional design, but it still remains inconclusive; 

• The lecturer’s “how-to” notes (AI12) were seen as useful by three participants (code 

41). This is significant since there was no specific question about this particular 

intervention in the interview. The “how-to” notes were therefore successful; 

• More assessment opportunities (AI13) such as an additional semester test, or the 

allowance of one assignment or quiz less that contributes towards the PM were given 

to alleviate pressure. Three participants mentioned that their attitudes improved 

towards the end of the course (code 11) and felt more motivated (code 32), and two 

participants indicated that they caught up with the lecturer’s pace (code 12). This 

intervention was successful. 
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• According to the conditioned view of some of the affected students, cheat sheets 

(AI14) are perceived to be overboard (code 19) and made the assessments too easy 

(code 18). Code excerpt 4 shows the response about cheat sheets for participant 2. 

Coding excerpt 4: Response to “Did you watch the class prep videos?” 

 

• Based on the analysis in Table 6.14, cheat sheets’ use should be reconsidered as an 

information processing activity within the current PSLE for UIP 2, and is not successful. 

• The request to lecture UIP 1 (AI15) was successful. The UIP 1 course was assigned 

to the lecturer for the next semester. This does not form part of the interview analysis; 

• The intervention talk (AI16) is perceived by the lecturer as effective in changing the 

attitudes of students, and is confirmed in the analysis of interviews conducted with 

positive feedback relating to the intervention talk without any specific questions relating 

to the intervention talk (code 12 and code 13); therefore, the intervention was 

successful. 

• The number of textbooks (AI16) for this course owned by students in class were 

counted and noted, but do not form part of the interview analysis. However, students 

did mention that the textbook was irrelevant (code 86) and that students preferred 

other sources of information (code 89, 90 and code 92). 

P2 
Codes: Course is relevant; Situate the usability of the course within the context of 
the world. 

 

Researcher: Did you watch the class prep videos? 

P2: I think I watched a few in the beginning when it was really tough. 

……. 

Towards the end, you introduced the cheat-sheets, I think that was overboard, now you 

were helping us to the extreme. With that I was just like, this is too simple now. 
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Table 6.14: Students’ perceptions of success of actual interventions used for 

AR cycle 1 and AR cycle 2 

 

Table 6.15 shows conclusions that are reached by analysis of codes based on the PSLE 

instructional approach followed. The codes are linked to each PSLE aspect in terms of 

positive feedback in favour of the aspect or negative feedback not in favour of the aspect. 

Actual intervention Codes + Codes - Success 

AI1: Read a chapter before each study unit 85 86, 87, 88, 90 No 

AI2: Watch tutorial videos 94, 96 93, 95 Unsure 

AI3: Concept quiz before study unit 27   Unsure 

AI4: Lecturer completes an example with class 
24, 25, 27, 29, 

30, 90 

42, 53, 44, 45, 

46, 47 
Unsure 

AI5: Class assistants assist within the practical 

class to correct non-viable mental models 
27   Unsure 

AI6: Provide suggested solution to example 

(AI4) 

24, 25, 27, 29, 

30 
  Yes 

AI7: Provide ungraded suggested solution for in-

class activity 

20, 21, 22, 23, 

52, 53 
  Yes 

AI8: Provide ungraded suggested solution for 

homework activity 

20, 21, 22, 23, 

52, 53 
  Yes 

AI9: Provide graded suggested solutions and 

feedback for assignments 
27   Unsure 

AI10: Additional contact session 12, 13, 27   Unsure 

AI11: SI 12, 13, 27   Unsure 

AI12: Lecturer “how-to” notes 41   Yes 

AI13: More assessment opportunities 
27, 11, 12, 13, 

32 
  Yes 

AI14: Cheat sheets 16 
14, 15, 17, 18, 

19 
No 

AI15: Request to lecture UIP 1 N/A N/A N/A 

AI16: Intervention talk 
11, 12, 13, 27, 

32, 33 
  Yes 

AI17: Count textbooks N/A N/A N/A 
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Table 6.15: Mapping codes for AR cycle 2 to the PSLE instructional design 

aspects 

 

PSLE aspect Codes + Codes - 

PSLE1: Authentic problems 

Relevance of course 9, 43, 84  

AI13: More assessment opportunities 27, 11, 12, 13, 32  

PSLE2: Information processing 

AI1: Read a chapter before each study unit 85 86, 87, 88, 90 

AI2: Watch tutorial videos 94, 96 93, 95 

AI3: Concept quiz before study unit 27   

AI4: Lecturer completes an example with class 
24, 25, 27, 29, 30, 

90 

42, 53, 44, 45, 

46, 47 

AI5: Class assistants assist within the practical class to 

correct non-viable mental models 
27  

AI10: Additional contact session 12, 13, 27  

AI11: SI 12, 13, 27  

AI12: Lecturer “how-to” notes 41  

AI13: More assessment opportunities 27, 11, 12, 13, 32  

AI14: Cheat sheets 
24, 25, 27, 29, 30, 

90 

42, 53, 44, 45, 

46, 47 

PSLE3: Scaffolding 

Lecturing style 
24, 25, 26, 27, 28, 

29, 30, 54, 57 
31 

AI4: Lecturer completes an example with class 
24, 25, 27, 29, 30, 

90 

42, 53, 44, 45, 

46, 47 

AI10: Additional contact session 12, 13, 27  

AI16: Intervention talk 
11, 12, 13, 27, 32, 

33 
 

PSLE4: Reflection 

AI6: Provide suggested solution to example (C1AI4) 24, 25, 27, 29, 30  

AI7: Provide ungraded suggested solution for in-class 

activity on eFundi
TM

 

20, 21, 22, 23, 52, 

53 
 

AI8: Provide ungraded suggested solution for homework 

activity on eFundi
TM

 

20, 21, 22, 23, 52, 

53 
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Table 6.15: Mapping codes for AR cycle 2 to the PSLE instructional design 

aspects (continued) 

 

From this analysis, the current lecturing style is perceived as dealing with concepts in-

depth using a hands-on approach that requires hard work and that no changes are 

suggested (code excerpt 5). A participant mentioned that the lecturer does too much for 

the students – as a negative point. 

Coding excerpt 5: Response to “What could I have done differently in class?” 

 

Not all codes form part of the instructional approach based on PSLE. Other codes that 

represent the conditioned views of participants, which are not part of Table 6.14 and Table 

6.15, can be categorised as: 

• Characteristics that a programmer needs are captured in codes 1 to 8 as conditioned 

views of participants. Code 5, that a programmer needs to persevere in problem-

solving, clearly stands out as important by most of the participants; 

• Perceptions after writing the first semester test (cycle 1) are presented through codes 

35 to 39. Many students perceived the course to be difficult and in contrast other 

students said that they performed well in their first semester test. 

PSLE aspect Codes + Codes - 

PSLE4: Reflection 

AI9: Provide graded suggested solutions and feedback for 

assignments 
27  

P3 
Codes: Course is relevant; Situate the usability of the course within the context of the 
world. 

Researcher: What could I have done differently in class? 

P3: Nothing, pause, the thing is I never had a problem with your teaching technique, I was okay 

with it. Because you gave us a chance to first try something out and then when we don’t 

understand you would help out instead of you doing it all the way and we just copying from what 

you’re doing, I enjoyed it that way. I need to challenge myself first. 
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• Personal experience and preference when learning to program. Many participants 

mentioned that they are intrinsically motivated to explore the course and content (code 

52). 

• A follow-up question in the interview questions was asked to determine whether the 

different lecturing style made a difference. The instructional approach of UIP 1 is 

clearly different from UIP 2’s instructional approach (code 59). Rote learning was 

needed in UIP 1 (code 61) and assessment is said to be predictable (code 67). Overall, 

UIP 1 is perceived as easy for participants (code 71). 

• Programming thinking when solving a problem, i.e. thinking processes or 

computational thinking skills involved when a participant decomposes, abstracts and 

develops an algorithm verbally (§ 4.3.2) for a programming problem is measured in 

the interviews. Table 6.16 lists all the codes related to the problem provided. 

Table 6.16: Codes related to solving a programming problem (AR cycle 2) 

Code 
Nr. 

Codes P1 P2 P3 P4 P5 P6 P7 Totals 

73 
Programming problem: associate word 

store with a database 
0 1 0 0 1 0 0 2 

74 
Programming problem: associate word 

store with a file 
1 1 1 0 1 0 0 4 

75 
Programming problem: I see inputs 

and controls 
0 0 1 1 1 1 1 4 

76 Programming problem: I see a system 0 1 0 0 0 0 0 1 

77 
Programming problem: identifies 

decision structures 
1 0 1 1 1 1 0 4 

78 
Programming problem: identifies 

repetition structures 
1 0 1 0 0 0 0 2 

79 
Programming problem: identifies 

variables 
1 0 1 1 0 0 0 3 

80 
Programming problem: order 

packages into classes 
0 1 0 0 0 0 0 1 

81 
Programming problem: visualise 

system with interface 
1 0 1 0 1 0 0 3 
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Very few students identified the repetition structure (code 78), but it is a tricky question 

requiring a more complex solution, and therefore participants might have left that particular 

part out because of difficulty. Other than that, the basic identification of variables, input 

and structures is present. 

6.5.4 Representation, analysis and findings: Lecturer’s rational perspective 

The students’ performance and participation for cycle 2 are presented in this section. 

Participation in activities that did not contribute towards a student’s PM is discussed first. 

In class, students completed practical programming activities. Table 6.17 shows the 

participation for these activities. 

Table 6.17: Class work activities submitted (AR cycle 2) 

Study unit Class work Participation 
rate 

SU 3: File handling techniques (System.IO namespace; File 

and Directory classes; read; and write and append text 

files) 

SU 3: Activity 1 74.4% 

SU 3: Activity 2 18.4% 

SU 4: Databases (ADO.NET classes; DataReader; 

DataSet; DataAdapter and TableAdapter classes; and 

manipulating MS Access database) 

SU 4: Activity 1 56.6% 

SU 4 : Activity 2 60% 

SU 5: Web applications (Use ASP.NET to create web 

applications; create and configure Web Forms applications; 

add HTML and Web Forms server controls; validation; 

cookies; and session variables) 

SU 5: Activity 1 43.2% 

SU 5: Activity 2 17.6% 

 

Table 6.18 shows the number of homework activities submitted. 

Table 6.18: Homework activities submitted (AR cycle 2) 

Study unit Class work Participation 
rate 

SU 3: File handling techniques (System.IO namespace; File 

and Directory classes; read; and write and append text files) 

SU 3: 

Homework 1 

28% 
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Table 6.18: Homework activities submitted (AR cycle 2) (continued) 

Study unit Class work Participation 
rate 

SU 4: Databases (ADO.NET classes; DataReader; DataSet; 

DataAdapter and TableAdapter classes; and manipulating MS 

Access database) 

SU 4: 

Homework 1 

58% 

SU 4 : 

Homework 2 

54% 

SU 5: Web applications (Use ASP.NET to create web 

applications; create and configure Web Forms applications; 

add HTML and Web Forms server controls; validation; cookies; 

and session variables) 

SU 5: 

Homework 1 

19% 

 

Table 6.19 shows the number of students who watched the preparatory video before class 

and submitted an answer for a question based on the video contents for this cycle. 

Table 6.19: Preparation video participation (AR cycle 2) 

Study Unit Preparation video Participation rate 

SU 4: Databases (ADO.NET classes; 

DataReader; DataSet; DataAdapter and 

TableAdapter classes; and manipulating MS 

Access database) 

Databases prep 19.2% 

 

In terms of formative assessment and reflection, students have to complete concept tests, 

assignments and semester tests. The scores for the concept tests completed after six 

weeks in the course are given in Table 6.20.  

Table 6.20: Concept test scores (AR cycle 2) 

Study unit Concept 
test nr. 

Average 
grade 

Participatio
n rate  

SU 3: File handling techniques (System.IO 

namespace; File and Directory classes; read; and 

write and append text files) 

4 49% 84% 
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Table 6.20: Concept test scores (AR cycle 2) (continued) 

Study unit Concept 
test nr. 

Average 
grade 

Participatio
n rate  

SU 4: Databases (ADO.NET classes; DataReader; 

DataSet; DataAdapter and TableAdapter classes; 

and manipulating MS Access database) 

5 73% 89.6% 

SU 5: Web applications (Use ASP.NET to create 

web applications; create and configure Web Forms 

applications; add HTML and Web Forms server 

controls; validation; cookies; and session variables) 

6 61% 91.2% 

 

Students completed an assignment on each unit of work. Their scores for the last three 

assignments (assignments within cycle 2) are presented in Table 6.21. The last 

assignment for SU 5’s participation rate is lower because not all assignments contribute 

towards their PM and by the end of the semester, students already have their other 

assignment marks and therefore know more or less what their PM is. 

Table 6.21: Assignment scores (AR cycle 2) 

Study unit Assignment Average 
score 

Participation 
rate 

SU 3: File handling techniques (System.IO 

namespace; File and Directory classes; read; and 

write and append text files) 

4 71% 87% 

SU 4: Databases (ADO.NET classes; 

DataReader; DataSet; DataAdapter and 

TableAdapter classes; and manipulating MS 

Access database) 

5 69% 85% 

SU 5: Web applications (Use ASP.NET to create 

web applications; create and configure Web 

Forms applications; add HTML and Web Forms 

server controls; validation; cookies; and session 

variables) 

6 78% 67% 

 

As part of the intervention, an additional semester test was provided. The average 

semester test mark for semester tests 2 and 3 is given in Table 6.22. 
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Table 6.22: Class average for semester test score (AR cycle 2) 

Study unit Semester 
test 

Average 
grade 

SU 1: Arrays (Initialise compile-time arrays; access elements 

of arrays; methods of the array class; write methods that use 

parameters as arrays; and write user-defined array objects) 

SU 2: String manipulation, advanced collections & exception 

handling (predefined methods of the String class; queues and 

stacks; using the debugger; exception handling – throw and 

catch; and try and catch blocks) 

SU 3: File handling techniques (System.IO namespace; File 

and Directory classes; read; and write and append text files) 

SU 4: Databases (ADO.NET classes; DataReader; DataSet; 

DataAdapter and TableAdapter classes; and manipulating MS 

Access database) 

2 48% 

SU 5: Web applications (Use ASP.NET to create web 

applications; create and configure Web Forms applications; 

add HTML and Web Forms server controls; validation; cookies; 

and session variables) 

3 81% 

 

The attendance for the additional class is given in Table 6.23. 

Table 6.23: Additional class attendance (AR cycle 2) 

Study unit Date Participation 
rate 

SU 1: Arrays (Initialise compile-time arrays; access 

elements of arrays; methods of the Array class; write 

methods that use parameters as arrays; and write 

user-defined array objects) 

SU 2: String manipulation, advanced collections & 

exception handling (predefined methods of the String 

class; queues and stacks; using the debugger; 

exception handling – throw and catch; and try and 

catch blocks) 

SU 3: File handling techniques (System.IO 

namespace; File and Directory classes; read; and 

write and append text files) 

20 March 2018 14% 
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Table 6.23: Additional class attendance (AR cycle 2) (continued) 

Study unit Date Participation 
rate 

SU 4: Databases (ADO.NET classes; DataReader; 

DataSet; DataAdapter and TableAdapter classes; 

and manipulating MS Access database) 

27 March 2018 11% 

SU 5: Web applications (Use ASP.NET to create web 

applications, create and configure Web Forms 

applications; add HTML and Web Forms server 

controls; validation; cookies; and sessions variables) 

17 April 2018 17% 

All 15 May 2018 16% 

 

In terms of SI, seven sessions were planned and five sessions were actually held. Eighty-

six of the 118 students attended SI on different occasions. Fifty students attended SI more 

than once. The textbooks were counted on different occasions allowing students to have 

either a hard- or a soft copy of the textbook. On the day of the intervention talk, the 

numbers of textbooks were counted, resulting in only 13 students having a textbook. In a 

week, the numbers of textbooks were counted and it increased to 35, and to 78 the week 

that followed.  

The final course grades are given in Table 6.24, including the average grades for the PM, 

examinations 1 and 2, and the final course grade. The percentages of students who 

passed are also indicated. 

Table 6.24: UIP 2 course results (AR cycle 2) 

Grade Average grade Students passed 

PM 66% 93% 

Examination 1 66% 86% 

Examination 2 46% 36% 

Final course grade 67% 85% 
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Success is measured by satisfaction, engagement and performance. The current 

lecturer’s perspective within UIP 2 is listed in terms of the following items: 

• In cycle 1 it was determined that very few students had a textbook in class and that it 

was unlikely that the textbook was read before class (AI1), according to the 

perspective of the lecturer (§ 5.6.5). Although the number of textbooks in class 

increased after the intervention, the number of textbooks only reached a satisfactory 

level after about nine weeks into the semester, almost at the end. Therefore, reading 

a chapter before class is not successful; 

• The participation rate for watching tutorial videos (AI2) remains low, with 19% in cycle 

2. This intervention is unsuccessful; 

• The completion rates for concept quizzes before each study unit (AI3) is high (Table 

6.20), as it was in cycle 1 and therefore the concept tests are seen as a successful 

intervention based on the participation rate; 

• The lecturer completing an example with the class (AI4) and providing the solution to 

the example (AI6) as a successful intervention are debatable. It is the lecturer’s opinion 

that students did not try to code on their own and often waited for the lecturer to 

complete solutions with the class. The success of this intervention is uncertain. 

• Using class assistants (AI5) in class was successful from the lecturer’s perspective. 

There was no way that the lecturer could assist all querying students within the 

allocated contact session;   

• Participation rates indicate that class- (AI7) and homework (AI8) activities have a lower 

participation rate (Table 6.17 and Table 6.18) than activities that contribute to their PM. 

Gannod et al. (2008:785) support this finding, where activities need to be motivated 

with some kind of incentive, otherwise some students do not complete the activity. This 

is confirmed in Table 6.20 and Table 6.21 showing the participation rates for quizzes 

and assignments, respectively, which contribute towards a student’s PM and are 
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clearly much higher than class and homework activities. An ungraded activity is 

therefore not successful (AI7 & AI8). 

• Graded assignments (AI9) are successful as shown in the previous chapter. Table 

6.20 and Table 6.21 show high participation rates for graded concept quizzes and 

assignments. It is clear that there is a difference in participation rate between graded 

(§ 6.5.4, Table 6.20, Table 6.21) and ungraded interventions (§6.5.4, Table 6.17, Table 

6.18, Table 6.19) similarly noted in cycle 1. Graded activities have a higher 

participation rate 

• The optional additional contact session’s (AI10) participation rate was low with an 

average of 15% for each scheduled session. Because of limited availability of venues, 

the scheduled timeslot did not suit all students. Students who are repeating the current 

course have different courses on another year level, which have class times at the 

same time as the additional scheduled session. SI (AI11) was attended well; the 

attendance exceeded the attendance of the additional lecturer-led contact session. It 

is the perspective of the lecturer that SI and the additional session were successful 

interventions; 

• It is the perception of the lecturer that the “how-to” notes (AI12) were successful since 

many students consulted the notes during contact sessions; 

• More assessment opportunities (AI13) such as an additional semester test, or the 

allowance of one assignment or quiz less that contributes towards the PM were given 

to alleviate pressure. The students’ performance improved during the semester (§ 

6.5.4) and having one less assessment contribute towards the participation provides 

students the opportunity or relief that one poor assignment or quiz mark will not 

influence their PM. This intervention was received well by students from the lecturer’s 

perspective. This intervention was successful; 

• From the lecturer’s perspective, many cheat sheets focused on copying solutions from 

assignments, rather than individual concepts. It is therefore uncertain whether 

students internalised the content during construction of the cheat sheets. Many 
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students used cheat sheets in the semester test and examination (86%), but the true 

success thereof is uncertain; 

• The request to lecture UIP 1 (AI15) was successful; 

• The intervention talk (AI16) is perceived by the lecturer as effective in changing the 

attitudes of students; 

• The numbers of textbooks (AI16) for this course owned by students in class were 

counted and noted. The aim of counting was done specifically to create an awareness 

of the importance of having the relevant study material, which was highlighted in the 

intervention talk. The number of textbooks present in class increased even if it was the 

electronic version. The intervention was successful.  

The success of interventions from the lecturer’s perspective is given in Table 6.25.  

Table 6.25: Lecturer’s perspective on success of actual interventions used 

for AR cycle 1 and AR cycle 2 

Actual intervention Success 

AI1: Read a chapter before each study unit No 

AI2: Watch tutorial videos No 

AI3: Concept quiz before study unit Yes 

AI4: Lecturer completes an example with class Unsure 

AI5: Class assistants assist within the practical class to correct non-viable mental 

models 
Yes 

AI6: Provide suggested solution to example (AI4) Unsure 

AI7: Provide ungraded suggested solution for in-class activity No 

AI8: Provide ungraded suggested solution for homework activity No 

AI9: Provide graded suggested solutions and feedback for assignments Yes 

AI10: Additional contact session Yes 

AI11: SI Yes 

AI12: Lecturer “how-to” notes Yes 

AI13: More assessment opportunities Yes 
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Table 6.25: Lecturer’s perspective on success of actual interventions used for 

AR cycle 1 and AR cycle 2 (continued) 

Actual intervention Success 

AI14: Cheat sheets Unsure 

AI15: Request to lecture UIP 1 Yes 

AI16: Intervention talk Yes 

AI17: Count textbooks Yes 

 

Table 6.26 shows conclusions that are reached by analysis of the lecturer’s perspective 

based on the PSLE instructional approach followed.  

Table 6.26: Mapping codes to the PSLE instructional design aspects (AR 

cycle 2) 

PSLE aspect Success 

PSLE1: Authentic problems 

AI13: More assessment opportunities Yes 

PSLE2: Information processing 

AI1: Read a chapter before each study unit No 

AI2: Watch tutorial videos No 

AI3: Concept quiz before study unit Yes 

AI4: Lecturer completes an example with class Unsure 

AI5: Class assistants assist within the practical class to correct non-viable 

mental models 
Yes 

AI10: Additional contact session Yes 

AI11: SI Yes 

AI12: Lecturer “how-to” notes Yes 

AI13: More assessment opportunities Yes 

AI14: Cheat sheets Unsure 

PSLE3: Scaffolding 

Lecturing style Yes 

AI4: Lecturer completes an example with class Unsure 
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Table 6.26: Mapping codes to the PSLE instructional design aspects (AR cycle 

  2) (continued) 

PSLE aspect Success 

PSLE3: Scaffolding (continued) 

AI10: Additional contact session Yes 

AI16: Intervention talk Yes 

PSLE4: Reflection 

AI6: Provide suggested solution to example (C1AI4) Unsure 

AI7: Provide ungraded suggested solution for in-class activity on eFundi
TM

 No 

AI8: Provide ungraded suggested solution for homework activity on 

eFundi
TM

 
No 

AI9: Provide graded suggested solutions and feedback for assignments Yes 

 

The lecturing style is overall perceived as positive. Some key perspectives of the lecturer 

can be summarised as: 

• An inability by students to integrate concepts into one authentic solution considering 

semester test 2 (Table 6.22); 

• Improved student engagement in both the theory and practical classes; 

• A lack of participation and responsibility towards activities with no incentive; 

• Lecturer engagement (intervention talk and lecturing style with interventions) improved 

student attitudes; 

• The additional contact sessions were very productive, engaging and the students who 

attended found the sessions useful; 

The analysis and findings presented here for the lecturer’s perspective are used in the 

next section in combination with the findings for the students’ perspectives to conclude the 

findings for AR cycle 2.  
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All learning is specified next in terms of the evaluation done. 

6.6 Specify learning 

From a critical perspective, the development of the interview questions, which was initially 

done following a pure interpretive approach, did not provide enough feedback about the 

interventions even though the expectation is to gather rich data from participants in open-

ended questions. Reflecting on the success of the interview questions, it can be said that 

interview questions could have been formulated more specifically to collect the desired 

data. The following questions could have been added to enhance the data collected: 

• How did the intervention talk influence you? 

• What is your view on the additional semester test? 

• What is your view on the reduction of the quizzes that count towards your participation 

mark by one? 

• What is your view on the reduction of the assignments that count towards your 

participation mark by one? 

• Did you attend SI? If so, did you find it beneficial? 

• Did you attend the additional class? If so, did you find it beneficial? 

• Did you compare your class and homework activities’ solutions to the lecturer’s 

solution? If so, did you learn through this process? 

• Did you find the lecturer’s “how-to” notes useful? 

From a critical systems perspective, sweeping in (Ulrich) any relevant information about 

the problematical situation of learning to program in order to understand as many 

conditioned views as possible is used to specify learning in this section. In order to move 

closer towards the totality of conditions, the polemical views of the students are presented 

in the analysis of formal interviews (§ 6.5.3), and the lecturer’s perspective (§ 6.5.4), with 
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consideration of student performance and participation, is represented. This section 

concludes with guidelines to improve the programming skills of students using a critical 

systems approach. 

Success is measured by satisfaction, engagement and performance. The overall success 

of actual interventions used for this study during cycle 1 and 2 is presented in Table 6.27, 

which consolidates the students’ perspectives (Table 6.14) and the lecturer’s perspective 

(Table 6.25) on the success of actual interventions. An intervention’s overall success is 

determined as follows: 

• Yes and Yes = Yes; 

• Yes and No = Unsure; 

• No and No = No; 

• Unsure and No = No; 

• Unsure and Yes = Unsure. 

Table 6.27: Actual interventions for AR cycle 1 and AR cycle 2 from action 

planning 

Actual intervention 
Student 

on 
success 

Lecturer 
on 

success 

Overall 
success 

Introduced 
in cycle? 

AI1: Read a chapter before each study 

unit 
No No No C1 

AI2: Watch tutorial videos Unsure No No C1 

AI3: Concept quiz before study unit Unsure Yes Unsure C1 

AI4: Lecturer completes an example with 

class 
Unsure Unsure Unsure C1 

AI5: Class assistants assist within the 

practical class to correct non-viable 

mental models 

Unsure Yes Unsure C1 

AI6: Provide suggested solution to 

example (AI4) 
Yes Unsure Unsure C1 
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Table 6.27: Actual interventions for AR cycle 1 and AR cycle 2 from action 

planning (continued) 

Actual intervention 
Student 

on 
success 

Lecturer 
on 

success 

Overall 
success 

Introduced 
in cycle? 

AI7: Provide ungraded suggested solution 

for in-class activity 
Yes No Unsure C1 

AI8: Provide ungraded suggested solution 

for homework activity 
Yes No Unsure C1 

AI9: Provide graded suggested solutions 

and feedback for assignments 
Unsure Yes Unsure C1 

AI10: Additional contact session Unsure Yes Unsure C2 

AI11: SI Unsure Yes Unsure C2 

AI12: Lecturer “how-to” notes Yes Yes Yes C2 

AI13: More assessment opportunities Yes Yes Yes C2 

AI14: Cheat sheets No Unsure No C2 

AI15: Request to lecture UIP 1 N/A Yes Yes C2 

AI16: Intervention talk Yes Yes Yes C2 

AI17: Count textbooks N/A Yes Yes C2 

 

The findings from the polemical views of the students in formal and informal interviews 

(§ 6.5.3) and the lecturer’s rational perspective (§ 6.5.4) are summarised in Table 6.28 in 

order to adapt the guidelines for improving the programming skills of students using a 

critical systems approach. A category is assigned to similar difficulties or views, which will 

be used to adapt the guidelines. 
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Table 6.28: Categorising the findings for the instructional approach (AR cycle 

2) 

Students’ polemical views during 
formal interviews (§ 6.5.3) 

Lecturer’s rational 
perspective (§ 6.5.4) Category 

Class and homework activities are 

completed for preparation for exam 

or in case it counts towards PM. 

Lack of participation and 

responsibility towards 

activities with no incentive. 

Attach an incentive to 

each activity. 

Textbook is not relevant, and 

occasionally used. 

More students obtained a 

textbook. 
Relevant study material. 

Instructional approach is 

satisfactory and no changes other 

than the removal of cheat sheets 

are suggested. 

Intervention talk was 

effective. 

Instructional approach is 

effective. 

External factors. 

Students are motivated to explore 

course content themselves. 
N/A 

Students want to explore 

content on their own. 

Major difference between UIP 1 

(easy) and UIP 2’s (hard) 

instructional approach. 

N/A 
Close the gap between 

UIP 1 and UIP 2. 

A programmer should persevere in 

problem-solving. 
N/A 

A programmer should 

persevere in problem-

solving. 

N/A N/A 
Lecturer engagement is 

important. 

N/A 

SI and additional contact 

session were attended by 

students and were 

productive and engaging. 

SI and sufficient contact 

time are necessary. 

N/A 

Inability to integrate all 

concepts into one authentic 

solution. 

Prior learning should be in 

place. 

 

Learning from the current cycle is specified in terms of guidelines to improve the 

programming skills of students using a critical systems approach, as given in Chapter 5. 

These guidelines will be adapted in Table 6.29, indicating new guidelines in bold according 

to the findings in this chapter presented in Table 6.27. 
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Table 6.29: Guidelines to improve programming skills of students using a 

critical systems approach (AR cycle 2) 

Guideline 
Reference 

Guideline Linked to the findings in 
Table 6.26 

C1GL1: Prior learning 

Prior learning must be in place, 

more specifically, existing viable 

mental models that can influence a 

student’s lack of engagement and 

seemingly lack of responsibility. 

Cycle 1 

Prior learning 

C1GL2: Information 

processing 

Sufficient information processing 

activities should be included to 

promote problem-solving, viable 

mental model construction and 

abstraction. 

Cycle 1 

Attach an incentive to each 

activity 

SI and sufficient contact time 

are necessary 

C1GL3: Scaffolding 

Attention should be given to 

scaffold the concepts presented to 

promote problem-solving, viable 

mental model construction and 

abstraction. 

Cycle 1 

A programmer should 

persevere in problem-solving 

SI and sufficient contact time 

are necessary 

C1GL4: Relevant study 

material 

Students must have the relevant 

study material in order to promote 

engagement, preparation and 

viable mental models and reduce 

the influence of natural language 

on misconceptions. 

Cycle 1 

Relevant study material 

C1GL5: Sufficient 

contact time 

Sufficient contact time is necessary 

to explain, scaffold and practice 

concepts. 

Cycle 1 

SI and sufficient contact time 

are necessary 

C1GL6: Social 

interaction 

Activities promoting social 

interaction have to be 

incorporated. 

Cycle 1 

SI and sufficient contact time 

are necessary 

C1GL7: External 

pressure 

Activities should be planned 

carefully since external pressures 

have a negative effect on students’ 

time management. 

Cycle 1 

Instructional approach is 

effective 

External factors 

C1GL8: Self-critical 

reflection 

Self-critical reflection by the 

lecturer on knowledge and 

instruction in order to improve 

instructional design. 

Cycle 1 
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Table 6.29: Guidelines to improve programming skills of students using a 

  critical systems approach (AR cycle 2) (continued) 

Guideline 
Reference 

Guideline Linked to the findings in 
Table 6.26 

 

The overall perception of participants supports the current PSLE instructional approach 

that deals with concepts in-depth in a hands-on approach. Hard work is required and no 

changes are suggested (code excerpt 5) except that cheat sheets should not be used.  

The following cycle initiates with the guidelines developed here to improve the 

programming skills of students using a critical systems approach in UIP 1. In order to close 

the gap between the instructional approach as well as knowledge between UIP 1 and UIP 

2 (Table 6.28), the lecturer will present the UIP 1 course (Chapter 7, cycle 3) as part of 

the intervention for UIP 2. 

6.7 Summary 

This chapter introduced the second AR cycle and its link to the Kantian concept of reason. 

The diagnosis phase initiated with the guidelines from cycle 1 and suggested intervention 

requirements that are used to plan the intervention. The intervention is planned according 

to each guideline and intervention requirement considering possible interventions 

identified in Chapter 4. The action plan is further specified in terms of the preparation 

before, participation during and reflection after contact sessions, including formative and 

summative assessments. 

C2GL9: Lecturer 
engagement 

The lecturer should engage 
with students. 

Lecturer engagement is 
important 

C2GL10: Incentives 

Attach incentives such as 
marks or feedback to activities 
to encourage participation; 
 

Attach an incentive to each 
activity 

C2GL11: Opportunity to 
discover content 

Create opportunities for 
students to explore the content 
of the course; 

Students want to explore 
the content on their own 
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The action plan is executed and the evaluation takes place in terms of striving towards the 

totality of conditioned realities through the representation of conditioned realities of the 

involved and affected students. Students’ performance and participation are provided, and 

finally, the lecturer’s perspective is presented. 

This chapter concludes with specifying learning in terms of successful interventions and 

guidelines to be followed in order to improve the programming skills of students using a 

critical systems approach.
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CHAPTER 7: ACTION RESEARCH CYCLE 3 

7.1 Introduction 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective, is used to build a frame of reference for students in order to 

develop the potential of the students and to develop an instructional design. In the 

previous cycle, the conditioned realities of students and the lecturer as well as the success 

of interventions were critically reflected upon. A list of difficulties identified in literature 

(Chapter 4) was extended and incorporated into guidelines (Chapter 5) to improve the 

programming skills of students.  

In this chapter, the third AR cycle, which aims to improve the programming skills of UIP 1 

students, is presented. In the diagnosis phase of the current cycle, guidelines developed 

in cycle 1 are revisited and intervention requirements are provided for each guideline (§ 

7.2). An intervention plan is formulated based on each guideline and intervention 

requirement given in the diagnosis (§ 7.3). A summary of interventions planned is 

provided; reflection in terms of the positioning of interventions within a PSLE (§ 4.3.4) is 

given; and an instructional approach is proposed. The intervention plan is executed in the 

action-taking phase (§ 7.4), followed by an evaluation of the success thereof. The 

conditioned realities of those involved and affected are analysed (§ 7.5) in order to suggest 

changes for the next iteration. Finally, learning is specified in terms of guidelines for 

improving programming skills of students using computational thinking skills following the 

principles of a critical systems approach (§ 7.6).  

This AR cycle is summarised in Table 7.1, also indicating the link between the Kantian 

interest for reason (§ 3.3.7). The diagnosis phase that is linked to the Kantian interest of 

reason, “What can I know?”, focuses on improving the programming skills of students 

according to the guidelines that were developed in cycle 2.  
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Table 7.1: Summary of the third AR cycle 

Phase Linked to Kantian 
interest of reason Action: UIP 1 

Diagnosis What can I know? Current guidelines to improve the programming skills 
of students. 

Planning 
intervention What can I do? 

Plan intervention based on a computational thinking 
teaching approach (PSLE) – Chapter 4. 

Take action Implement action plan. 

Evaluation What can I hope? To learn from critical systems (Ulrich) inspired 
interviews. 

Specify learning  
Reflect on conditioned views based on critical 
systems (Ulrich) inspired interviews by revising and 
adapting guidelines.  

 

Planning the intervention and taking action are linked to the Kantian interest of reason, 

“What can I do?”, and therefore an intervention plan is formulated within a PSLE (§ 4.3.4) 

inspired instructional approach that promotes computational thinking and this plan is 

executed. The evaluation phase is linked to the Kantian interest of reason, “What can I 

hope?”, which uses CSH inspired interviews to move towards the totality of conditioned 

realities. 

7.2 Diagnosis 

This cycle forms part of an intervention request in cycle 2 to lecture the UIP 1 course 

(AI15). One of the main reasons for this request is because students did not possess the 

prior knowledge needed in cycle 2 and indicated that adaption was hard between UIP 1 

and UIP 2 in cycle 1 (§ 5.6.4). The revised guidelines are presented as adapted in AR 

cycle 2 along with intervention requirements for each guideline. The new guidelines added 

in cycle 2 are shown in bold. The intervention requirements are also listed for the new 

requirements for interventions. 
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Table 7.2: Guidelines to improve programming skills of students using a 
critical systems approach (AR cycle 2) 

  

Guideline 
reference Guideline Intervention requirements 

C1GL1: Prior learning 

Prior learning must be in place, 
more specifically, existing viable 
mental models that can influence 
a student’s lack of engagement 
and seeming lack of 
responsibility. 

Revisit concepts needed to 
complete current course, 
even if it includes concepts 
from previous course. 

C1GL2: Information 
processing 

Sufficient information processing 
activities should be included to 
promote problem-solving, viable 
mental model construction and 
abstraction. 

Activities that promote 
reflection, problem-solving, 
viable mental model 
construction and abstraction 
within constructivist 
guidelines (Ben-Ari, 2001:68). 

C1GL3: Scaffolding 

Attention should be given to 
scaffold the concepts presented 
to promote problem-solving, 
viable mental model construction 
and abstraction. 

Activities that build viable 
mental models step-by-step 
through the slow introduction 
of concepts. 

C1GL4: Relevant study 
material 

Students must have the relevant 
study material in order to 
promote engagement, 
preparation and viable mental 
models and reduce the influence 
of natural language on 
misconceptions. 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

C1GL5: Sufficient contact 
time 

Sufficient contact time is 
necessary to explain, scaffold 
and practise concepts. 

Additional contact time is 
necessary to at least align the 
contact time on campuses. 

C1GL6: Social interaction 
Activities promoting social 
interaction have to be 
incorporated. 

Social interaction should have 
the goal of students working 
together to complete a task in 
order to allow the possibility 
that students can explain 
different concepts to one 
another, which is in a more 
comfortable setting than 
between lecturer and 
students, for instance. 
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Table 7.2: Guidelines to improve programming skills of students using a 
  critical systems approach (AR cycle 2) (continued) 

 

The guidelines and requirements for interventions inform the interventions planned for this 

cycle in the next section. 

7.3 Planning intervention 

The students mentioned in Chapter 5 that it is difficult to adapt to instructional changes 

between UIP 1 and UIP 2 (§ 5.6.4); therefore, the strategy for this cycle is to introduce a 

similar lecturing instructional design in students’ first year of programming (UIP 1) and 

also to address the lack of prior knowledge (C1GL1). The guidelines and the intervention 

Guideline 
reference Guideline Intervention requirements 

C1GL7: External pressure 

Activities should be planned 
carefully since external 
pressure has a negative 
effect on students’ time 
management. 

Activities should be planned so 
that contact time is used for 
students to have access to the 
lecturer to correct non-viable 
mental models, and activities 
should serve a purpose in terms 
of learning and grades. 

C1GL8: Self-critical 
reflection 

Self-critical reflection by the 
lecturer on knowledge and 
instruction in order to 
improve instructional design. 

Reflect on interventions and make 
necessary changes to improve 
the programming skills of 
students. 

C2GL9: Lecturer 
engagement 

The lecturer should engage 
with students. 

Lecturer should make a 
conscious effort to engage with 
students. 

C2GL10: Incentives 

Attach incentives such as 
marks or feedback to 
activities to encourage 
participation. 
 

Plan activities with purpose 
and attach incentives to each 
activity in order to encourage 
participation. 

C2GL11: Opportunity to 
discover content 

Create opportunities for 
students to explore the 
content of the course. 

Plan activities in such a way 
that students get the 
opportunity to discover content 
for themselves within an 
environment where 
misconceptions can be 
addressed. 
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requirements listed in Table 7.2 are used to plan the instructional design for UIP 1 in this 

cycle, considering the possible interventions in Chapter 4 (§ 4.4.3.3) and the actual 

interventions in cycle 1 and cycle 2. The possible interventions are listed in Table 7.3. 

Table 7.3: Possible interventions for challenges faced by students when 
learning to program (abbreviated from Table 4.12 (§ 4.4.3.3)) 

Reference Addresses the following challenge(s) 
(Chapter 4) 

Promotes the following 
computational thinking 

skills 

PI1: Formative 
assessments 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load 
and natural language. 

Decomposition, abstraction, 
algorithms, debugging, and 
iteration. 

PI2: Tutorial 
videos 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load. Abstraction. 

PI3: Prepare 
before class 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load. 

Decomposition, abstraction, 
algorithms, debugging and 
iteration. 

PI4: Cheat 
sheets 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load. 

Decomposition, abstraction, 
algorithms, debugging and 
iteration. 

PI5: Peer-
assisted 
learning 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load, 
environmental factors and natural 
language. 

Decomposition, abstraction, 
algorithms, debugging, 
iteration and generalization. 

PI6: Pair 
programming 

Non-viable mental models, poor abstraction 
ability, task complexity and cognitive load, 
environmental factors and natural 
language. 

Decomposition, abstraction, 
algorithms, debugging, 
iteration and generalization. 

 

The actual interventions used in cycle 1 and cycle 2 are given in Table 7.4. 
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Table 7.4: Actual interventions for AR cycle 1 and AR cycle 2 from action 
planning 

Actual intervention Success Introduced in 
cycle? 

AI1: Read a chapter before each study unit No C1 

AI2: Watch tutorial videos No C1 

AI3: Concept quiz before study unit Unsure C1 

AI4: Lecturer completes an example with class Unsure C1 

AI5: Class assistants assists within the practical class to 
correct non-viable mental models Unsure C1 

AI6: Provide suggested solution to example (AI4) Unsure C1 

AI7: Provide ungraded suggested solution for in-class 
activity Unsure C1 

AI8: Provide ungraded suggested solution for homework 
activity Unsure C1 

AI9: Provide graded suggested solutions and feedback for 
assignments Unsure C1 

AI10: Additional contact session Unsure C2 

AI11: SI Unsure C2 

AI12: Lecturer “how-to” notes Yes C2 

AI13: More assessment opportunities Yes C2 

AI14: Cheat sheets No C2 

AI15: Request to lecture UIP 1 Yes C2 

AI16: Intervention talk Yes C2 

AI17: Count textbooks Yes C2 
 

The following sections address each guideline (C1GL1-C1GL11) as developed in cycle 2 

and suggestions are made for interventions within the original theoretical framework 

repeated in Table 7.3 and considering actual interventions (Table 7.4). The headings are 

shortened for readability, but the full guideline is provided in each section. 
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7.3.1 C1GL1: Prior learning must be in place 

The full guideline is: Prior learning must be in place, more specifically, existing viable 

mental models that can influence a student’s lack of engagement and seeming lack of 

responsibility. 

The intervention requirements for C1GL1 include: Revisit concepts needed to complete 

current course, even if it includes concepts from previous courses. 

In cycle 2, interventions that relate to this guideline and the success thereof included 

(Table 7.4): 

• reading a chapter before each study unit (success – no); 

• watching a tutorial video before each study unit (success – no);  

• completing a concept quiz before class (success – unsure); 

• SI sessions (success – unsure); 

• additional contact session (success – unsure); 

• intervention talk (success – yes); and 

• request to lecture UIP 1 (success – yes). 

For UIP 1, merely reading a chapter before each study unit will not be used as an 

intervention because it was not successful. Students will have access to tutorial videos as 

part of the textbook study material and this will be made available online and is referred 

to on the eFundiTM site regularly. Students can watch the videos in their own time or in the 

practical session. In contrast, the use of these videos is not tracked, because it was not 

successful in UIP 2 and students mostly only watched videos when content was difficult 

(Table 6.13, code 96). These videos are just a resource for students who need or want to 

watch additional material. 
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Completing a concept quiz before each study unit will be kept in order to foster preparation 

skills before contact sessions. SI sessions are kept to encourage revisiting of concepts 

especially when misconceptions are present. No intervention talk will be held and the 

request to lecture UIP 1 has been a success and therefore not needed in this cycle. In 

summary, interventions kept for AR cycle 3 include: 

• Completing a concept quiz; and  

• SI sessions. 

A theory session (§ 7.3.1.1) could possibly address C1GL1 based on the requirement that 

concepts need to be revisited, which is discussed next.  

7.3.1.1 Request additional theory session 

An additional theory session is requested instead of a practical session before the 

semester starts so that this session will form part of the time schedule from the start and 

will therefore not be seen as an ‘additional’ session, which is often interpreted by students 

as an optional or elective session. This will be just another compulsory session for UIP 1 

scheduled on the original time schedule. The issues surrounding the availability of venues 

in cycle 2 were mainly surrounding computer laboratories for practical sessions. 

Theoretical venues are more readily available and should be easier to schedule.  

The main idea is that concepts can be addressed before going to the computer. The 

additional theory session is requested in order to align with the other campus and more 

importantly to address non-viable mental models, prior knowledge and poor problem-

solving skills. In order to improve the prior learning for UIP 2, the students have to possess 

viable mental models of the concepts in this course. Ben-Ari (2001:66) stresses the 

importance of viable mental model construction and algorithm development before running 

to the computer. The lecturer will focus on teaching concepts explicitly in the theory 

session before completing practical activities on the computer as suggested by Ben-Ari 

(2001:60).  
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Theory sessions consist of various activities. Firstly, concepts are explained in depth, 

introducing the concept (Figure 7.1), showing an example (Figure 7.2) and giving small 

activities to aid in viable mental model construction (Figure 7.3) throughout the 

presentation.  

 

Figure 7.1: Example of if-else slide within presentation for Study Unit 4 

 

Figure 7.2:  Example of if-else slide within presentation for Study Unit 4 

4.2 The if-else statement

• An if-else statement will execute one block of statement 
if its Boolean expression is true or another block if its 
Boolean expression is false

• It has two parts: an if clause and an else clause
• In C#, a generic format looks:

if (expression)
{
statements;

}
else
{
statements;

}

Copyright © 2017 Pearson Education, Ltd.

Example of if-else Statement

Copyright © 2017 Pearson Education, Ltd.

temp >40

display "hot"display "cold"

TrueFalse

if (temp > 40)
{

MessageBox.Show("hot");
}
else
{

MessageBox.Show("cold");
}
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Figure 7.3:  Example of small exercise within presentation for Study Unit 4 

Other activities such as worksheets and interactive quizzes will be discussed with C1GL2 

(§ 7.3.2.3) and C1GL3 (§ 7.3.2.4). The intention of activities in the theory class is to focus 

on viable mental model construction through information processing and scaffolding.  

7.3.2 C1GL2: Sufficient information processing activities  

The full guideline is: Sufficient information processing activities should be included to 

promote problem-solving, viable mental model construction and abstraction. 

The intervention requirements for C1GL2 include: Activities that promote reflection, 

problem-solving, viable mental model construction and abstraction within constructivist 

guidelines (Ben-Ari, 2001:68). 

In cycle 2, interventions that relate to this guideline and the success thereof include (Table 

7.4): 

• Completing a concept quiz before each study unit (success – unsure); 

• Lecturer completes an example with the class (success – unsure); 

• Class assistants assist within the practical class to correct non-viable mental models 

(success – unsure); 

Practice!

Copyright © 2017 Pearson Education, Ltd.

private void btnProcess_Click(object sender, EventArgs e)
{
double finalMark = double.Parse(txtMarks.Text);

if (finalMark >= 50)
{
lblDisplay.Text = “Congratulations!”;

}
}

• Write an if statement that will display “Congratulations!” 
in lblDisplay if the value in finalMark is fifty or above 
and “Fail” if not. 
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• Providing suggested solution to example (success – unsure); 

• Providing ungraded suggested solution for in-class activity (success – unsure); 

• Providing ungraded suggested solution for homework activity (success – unsure); 

• Providing graded suggested solutions and feedback to assignments (success – 

unsure); and 

• Lecturer “how-to” notes (success – yes). 

Completing a quiz before each study unit is kept, as discussed (§ 7.3.1). The structure of 

the contact sessions changes with the newly requested theory session. More time will be 

spent on concepts, and smaller examples and exercises will be done in the theory class 

instead of a worked example in the practical class. Class assistants will be appointed 

again and most, if not all activities will be graded (C1GL10). Lecturer “how-to” notes are 

not relevant for cycle 3, since the textbook will be changed (C1GL4). In summary, the 

following actual interventions will be used again: 

• Completing a concept quiz before each study unit; and 

• Class assistants assist within the practical class to correct non-viable mental models. 

In addition, as part of preparation, students will have to complete handwritten summaries 

for each study unit before the study unit is done in class in a notebook (§ 7.3.2.1), and 

students have to create tutorial videos in a group setting (§ 7.3.2.2). During the theory 

session, peer worksheets are added (§ 7.3.2.3) as well as an interactive quiz game 

(§ 7.3.2.4) in order to promote active learning and to keep students engaged. The 

structure of the practical session changes after the introduction of a theory session 

(§ 7.3.2.5). The in-class activities are graded (§ 7.3.2.6), and feedback is provided to 

students (§ 7.3.2.7) and lecturer (§ 7.3.2.8). After the completion of a study unit, students 

need to reflect upon reaching the outcomes of the study unit (§ 7.3.2.9) and more formative 

assessment opportunities are added in the form of handwritten class tests (§ 7.3.2.10). All 

of these will be discussed next. 
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7.3.2.1 Handwritten summaries in notebooks 

Compulsory handwritten notebooks with chapter summaries are required from students. 

These summaries are made before each study unit is done in the theory class as part of 

information processing and active learning. This intervention is inspired by preparation 

before class (PI3: Preparation before class) and cheat sheets (PI4: Cheat sheets). 

Handwritten summaries, similar to cheat sheets, encourage the internalisation of concepts 

(Erbe, 2007:97). Marks will be awarded for the notebooks at random intervals and it will 

contribute 5% towards a student’s PM.  

7.3.2.2 Student created tutorial videos 

Students are required to create their own tutorial videos (inspired by PI2: Tutorial videos). 

Groups will be formed consisting of five or six students per group. Before classes 

commence about a new study unit, each group is assigned a topic that relates to a 

subsection within the chapter. One student in the group should create a tutorial video on 

the topic, show it to their group members, make changes before submission because 

everyone in the group receives the same mark for a specific video, and submit the video 

on eFundiTM. The focus is on information processing that enhances the internalisation of 

concepts. An external tool called Padlet is embedded in the eFundiTM page, which allows 

students to upload their videos that can be accessed by everyone in the UIP 1 class 

(Figure 7.4).   

In practical classes, every student will watch and provide constructive criticism on at least 

one video as well as a rating out of five using Padlet (Figure 7.1). With only 23 groups and 

121 students, enough feedback will be given on each video. The marks obtained will be 

incorporated to count 5% towards the PM of a student. 
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Figure 7.4:  Example of videos and comments on embedded Padlet wall in 
eFundiTM 

Social interaction is an important aspect according to Ben-Ari (2001:68) and group work 

will naturally invoke social interaction. 

7.3.2.3 Theory: Peer/individual worksheets 

Peer/individual worksheets (inspired by PI5: Peer-assisted learning and PI6: Peer 

programming) are introduced in the theory session in order to steer away from a non-

engaging theory session where the instructor just shows a presentation on the overhead 

projector. The intentions of the peer/individual worksheets are to encourage abstraction, 

viable mental model construction, problem-solving and social interaction. The worksheets 

also aim to scaffold concepts in the process of viable mental model construction through 

the slow introduction of concepts. An example of a peer worksheet is given here: 
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Peer Worksheet SU 6 – Methods 

Name & Surname: ___________________________ 

Name & Surname: ___________________________ 

1. Examine the following method header, then write an example call to the method. 
Private int GetTotal(int n1, int n2, int n3) 

2. The following statement calls a method called ShowDouble. The ShowDouble method 
displays a value that is double that of the argument in a messageBox. Write the 
method. 
Example call statement: ShowDouble(34.58); 

3. Write a method header for a method named ShowRetailPrice. The method should 
include parameter variables for a list price and a markup percentage. Write the method 
so that the default argument for the markup percentage is set for 50 percent. 

4. A program contains the following value-returning method: 
private int Square(int value) 

{ 

   return value * value; 

}  

Write a statement that passes the value 10 as an argument to this method and assigns 
its return value to the variable result. 

5. Write a method called AddTwo that will receive an int reference parameter called value 
and add 2 to the parameter. 
Example call statement:     int c = 56; 
                                            AddTwo(ref c); 

6. View the following solution, optimize the code by writing a method where applicable. 
Only write the method, and a call statement: 
namespace Program5_10 
{ 

     public partial class Form1 : Form 
     { 
        public Form1() 
        { 
            InitializeComponent(); 
        } 
 
        Random rand = new Random(); 
        int n1, n2, ans; 
 
        private void Form1_Load(object sender, EventArgs e) 
        { 
            textBox1.Text = “”; 
            n1 = rand.Next(99, 500) + 1; 
            n2 = rand.Next(99, 500) + 1; 
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            label1.Text = n1.ToString(); 
            label3.Text = n2.ToString(); 
        } 
 
        private void button1_Click(object sender, EventArgs e) 
        { 
            if (int.TryParse(textBox1.Text, out ans)) 
            { 
                if (ans == (n1 + n2)) 
                { 
                    MessageBox.Show(“Correct!”); 
                } 
                else 
                { 
     MessageBox.Show(“Incorrect! The answer is “ + (n1 + n2) + “.”); 
                } 
                textBox1.Text = “”; 
            n1 = rand.Next(99, 500) + 1; 
            n2 = rand.Next(99, 500) + 1; 
            label1.Text = n1.ToString(); 
            label3.Text = n2.ToString(); 
            }}}} 

 

The worksheets will follow an in-depth explanation of concepts by the lecturer in the theory 

class. 

7.3.2.4 Theory: Interactive quiz game 

From time to time, a quiz online game is played in the theory session using a free online 

tool called Kahoot!. The game is played to increase student engagement within the theory 

session. Kahoot! is an online platform that allows a certain number of free games to be 

set up by a user. The lecturer creates a new game for a specific unit of study and compiles 

questions and answers on the website. The format of the quiz is multiple choice 

(Kahoot, 2019). In class, students connect via a web browser on their phone to the Kahoot! 

gameplay site (Kahoot.it) and log in to the specific game using a numerical pin provided 

by the game creator (Kahoot, 2019). The game pin that is on the Kahoot! website for the 

selected game is displayed by the lecturer on the overhead projector and students can 

view all the players who join the game in real time, as shown in Figure 7.5.  
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Figure 7.5: Kahoot game start screen (Kahoot, 2019) 

Players can choose any name or nickname to enter the game. When the game starts, the 

question is displayed on the overhead projector (Figure 7.6), and possible answers on the 

students’ phones in the form of shapes and colours (Figure 7.7). 

 

Figure 7.6: Example quiz for UIP 1 on Kahoot! (Kahoot, 2019) 
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Figure 7.7:  Example answers for selection on student phone on Kahoot! 
(Kahoot, 2019) 

Kahoot! tracks the players in the game with the most correct and quickest responses.   

7.3.2.5 Student-led practical class 

The structure of the practical classes will be different to UIP 2. In-class activities in practical 

sessions are naturally scaffolding the concepts. The content of the course allows for two 

weeks to be spent more or less on a study unit. The practical sessions will focus on 

completing more activities that are shorter in duration, which will focus on one concept at 

a time in the first week of a new chapter, and more combined exercises in the second 

week of the chapter. Students can form mental models more rapidly when concepts are 

introduced gradually (Gannod et al., 2008:785). The content of the practical class is 

uploaded in a lesson format on eFundiTM at least a week before the practical class. Boyer 

et al. (2008:90) suggest that activities are student-led in order to highlight a student’s 

thought process, i.e. viable or non-viable mental models that the instructor can then 

address. The lecturer focuses on engagement and addressing non-viable mental models 

during this session while students are completing their activities. The lecturer does not 

plan any formal activities for the practical sessions. This session will be used to address 

misconceptions as led by the students. 
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7.3.2.6 Graded in-class activities  

All in-class activities will be graded by assistants and relevant feedback will be provided 

where necessary. The in-class practical activities contribute 5% towards a student’s PM. 

The student assistants will grade all activities so that students can reflect on their current 

understanding. 

7.3.2.7 Feedback to students 

Class assistants provide feedback regarding misconceptions to students, where relevant, 

on eFundiTM. 

7.3.2.8 Feedback to lecturer about student misconceptions 

Student assistants provide feedback for each activity using a Google Forms form set up 

by the lecturer. Google Forms is a free online service provided by Google to set up a 

survey that is hosted online (Google, 2019). The form contains specific questions 

regarding what the students did well and did not do so well in the specific activity 

(Figure 7.8). 

 

Figure 7.8: Google Forms form for UIP 1 feedback 
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An activity for all UIP 1 students is marked by one assistant who will provide feedback on 

five aspects that the students did well, and five aspects that the students did not do well. 

The responses for the form can be exported into a spreadsheet and some responses for 

UIP 1 are shown in Figure 7.9.  

 

Figure 7.9: Spreadsheet containing responses by assistants whom marked 
class activities 

The lecturer will use this to address non-viable mental models in the following theory 

session or practical session. 

7.3.2.9 Student reflection upon reaching the outcomes 

Reflection forms part of the PSLE (Lye & Koh, 2014:59) and constructivist guidelines (Ben-

Ari, 2001:68). An explicit reflection activity is therefore added in the form of the checklist 
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tool in eFundiTM (§ 5.2.4) embedded on each subpage for every study unit. Students reflect 

on their own understanding, using this tool to select the outcomes of the study unit that 

they feel they have reached. Figure 7.10 shows an example of a checklist in eFundiTM. 

 

Figure 7.10:  Checklist tool in eFundiTM 

The results of the checklist can be viewed by the lecturer per student. The lecturer can 

determine where non-viable mental models need to be addressed and can plan additional 

explanations for the next contact session and inform the SI leader to address those topics. 

7.3.2.10 Handwritten class tests 

Handwritten class tests instead of programming on the computer are completed during 

theory sessions as part of a student’s PM. This is implemented across the two campuses. 

Handwritten class tests require students to write the code without the help of the compiler. 

Peer worksheets help students to prepare for handwritten class tests. The best three out 

four handwritten class tests will contribute 50% to a student’s PM. 

7.3.3 C1GL3: Scaffolding concepts 

The full guideline is: Attention should be given to scaffold the concepts presented to 

promote problem-solving, viable mental model construction and abstraction. 
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The intervention requirements for C1GL3 include: Activities that build viable mental 

models step-by-step through the slow introduction of concepts. 

In cycle 2, interventions that relate to this guideline and the success thereof include: 

• The lecturer completes an example with the class (success – unsure); 

• SI sessions (success – unsure); and 

• Additional contact session (success – unsure). 

The structure of the practical class changed, as discussed (§ 7.3.2.5). The SI sessions 

are kept as an intervention and an additional theory session has been requested 

(§ 7.3.1.1). Therefore, in addition to SI sessions, interventions promoting scaffolding for 

this cycle include the requested theory session (§ 7.3.1.1), peer/individual worksheets 

(§ 7.3.2.3) and student-led practical class (§7.3.2.5).  

7.3.4 C1GL4: Relevant study material 

The full guideline is: Students must have the relevant study material in order to promote 

engagement, preparation and viable mental models and reduce the influence of natural 

language on misconceptions. 

The intervention requirements for C1GL4 include: Prescribe suitable study material that 

suits the outcomes of the course. 

After consultation with the lecturer on the other campus, it was decided that a new textbook 

is to be prescribed for UIP 1. This textbook contains relevant examples using graphical 

user interface examples that are relevant to the outcomes. Previously, in UIP 1 and UIP 

2, one textbook was used for both courses. The new textbook will therefore be used for 

UIP 1 and to some extent for UIP 2. The BSc IT programme went through some review in 

parallel with this cycle, which means that the content for UIP 2 will change slightly in the 

next semester (cycle 4). Because of a lack of interest in the textbook in cycle 1 (§ 5.6.5), 

an incentive will be attached to having a physical textbook in class in order to encourage 
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students to purchase the book. Students will be allowed to write the first handwritten class 

test with the textbook.  

7.3.5 C1GL5: Sufficient contact time 

The full guideline is: Sufficient contact time is necessary to explain, scaffold and practise 

concepts. 

The intervention requirements for C1GL5 include: Additional contact time is necessary to 

at least align the contact time on campuses. 

The requested theory session (§ 7.3.1.1) will align the contact time on the campuses and 

will provide enough time to deal with misconceptions, as well as explain and practise 

concepts. 

7.3.6 C1GL6: Social interaction 

The full guideline is: Activities promoting social interaction have to be incorporated. 

The intervention requirements for C1GL6 include: Social interaction should have the goal 

of students working together to complete a task in order to allow the possibility that 

students can explain different concepts to one another, which is in a more comfortable 

setting than between lecturer and students, for instance. 

Similar to cycle 2, the SI session (§ 6.3.1.1) aims to address this requirement by allowing 

students to talk to peers within the SI session and the SI leader, which they might feel 

more comfortable talking to since it is also in a more relaxed setting.  

For this cycle, social interaction is encouraged by: 

• creating tutorial videos in a group setting (§ 7.3.2.2); 

• peer worksheets (§ 7.3.2.3); and 
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• the requested theory session, which allows a student-led practical session, provides 

time for students to interact with one another, as well as the lecturer to interact with 

students (§ 7.3.2.5). 

Social interaction is enhanced in this cycle through the above-mentioned interventions. 

7.3.7 C1GL7: Consider external pressures 

The full guideline is: Activities should be planned carefully since external pressure has a 

negative effect on students’ time management. 

The intervention requirements for C1GL7 include: Activities should be planned so that 

contact time is used for students to have access to the lecturer to correct non-viable mental 

models, and activities should serve a purpose in terms of learning and grades. 

Additional assessment opportunities were presented in cycle 2. This intervention will be 

kept in an effort to alleviate pressure. The lowest mark will not be considered in the 

calculation of the PM; 

• The best six out seven quizzes before each study unit contribute 5% towards the PM; 

• The best 80% of in-class activities contribute 5% towards the PM; and 

• The best three out of four handwritten class tests contribute 50% towards the PM. 

In addition, no programming homework activities are given, which is discussed next. 

7.3.7.1 Homework moves to in-class activities 

Because of the additional theory session that covers the introduction – and initial 

encounters with concepts – more in-class activities can be completed in the practical 

sessions. Therefore, the additional activities that would normally become homework, can 

now be completed within the allocated time for practical sessions. This will alleviate 

pressure on students and create an opportunity for the lecturer to engage with students 

and intervene immediately if any misconceptions are present.  
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7.3.8 C1GL8: Self-critical reflection by the lecturer 

The full guideline is: Self-critical reflection by the lecturer on knowledge and instruction in 

order to improve instructional design. 

The intervention requirements for C1GL8 include: Reflect on interventions and make 

necessary changes to improve the programming skills of students. 

The lecturer listens to the affected students, reflects critically (cycle 2) and makes 

adaptions to the instructional approach (plan intervention) in order to improve the 

programming skills of students using a critical systems approach. In addition, the lecturer 

reflects on the current position of students regarding viable mental models with the 

assistance of student assistants who will mark all activities and provide feedback per 

activity via email. 

7.3.9 C2GL9: The lecturer should engage with students 

The full guideline is: The lecturer should engage with students. 

The intervention requirements for C2GL9 include: Lecturer should make a conscious effort 

to engage with students. 

As discussed (§ 7.3.7.1), more opportunities will be created to allow for lecturer 

engagement with students. In addition, the lecturer reflects on the current position of 

students regarding viable mental models with the assistance of student assistants who will 

mark all activities and provide feedback per activity via email. An activity for all UIP 1 

students will be marked by one assistant who will provide feedback on five aspects that 

the students did well, and five aspects that the students did not do well. The lecturer will 

use this to address non-viable mental models in the following theory session or practical 

session. 
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7.3.10 C2GL10: Attach incentives to activities 

The full guideline is: Attach incentives such as marks or feedback to activities to encourage 

participation. 

The intervention requirements for C2GL10 include: Plan activities with purpose and attach 

incentives to each activity in order to encourage participation. 

Most activities have incentives in the form of marks attached. The incentives for this cycle 

include: 

• Quizzes before each study unit on eFundiTM contribute 5% towards a student’s PM; 

• Chapter summaries contribute 5% towards a student’s PM; 

• One handwritten class test can be written with the notebook, if it is up to date. This is 

announced right before the test, so that students do not know which test will allow the 

notebook; 

• Student created tutorial videos contribute 5% towards a student’s PM; 

• In-class practical activities contribute 5% towards a student’s PM; and 

• The first handwritten class test can be written with the textbook to encourage 

purchasing the textbook. 

Incentives are said to encourage participation, according to Gannod et al. (2008:785). 

7.3.11 C2GL11: Students to explore the content of the course 

The full guideline is: Create opportunities for students to explore the content of the course. 

The intervention requirements for C2GL11 include: Plan activities in such a way that 

students get the opportunity to discover content for themselves within an environment 

where misconceptions can be addressed. 
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The instructional design of this course is designed to allow students to discover content 

for themselves, featuring: 

• preparation activities that allow students to discover content for themselves (chapter 

summaries in notebooks, creating tutorial videos, completing a quiz on eFundiTM); 

• lecturer stepping in to correct non-viable mental models (theory (worksheets, Kahoot!) 

and practical session (lecturer engagement)); 

• practise concepts on their own with assistance available when needed (practical 

sessions); and 

• reflection to determine their own shortcomings in knowledge (checklist). 

The interventions are summarised in the next section. 

7.3.12 Summary of interventions planned 

In summary, the interventions used for the current cycle are listed in Table 7.5. Where 

possible, a link to the possible interventions is provided. 

Table 7.5: Summary of actual interventions for AR cycle 3 

Actual intervention Link to PI (Table 7.4) 

AI3: Concept quiz before study unit 
PI1: Formative assessments  
PI3: Prepare before class 

AI5: Class assistants assists within the practical class to correct 
non-viable mental models 

PI5: Peer assisted learning 
PI6: Pair programming 

AI11: SI PI5: Peer assisted learning  

AI13: More assessment opportunities PI1: Formative assessments  

AI18: Theory session N/A 

AI19: Chapter summaries in notebook 
PI3: Prepare before class 
PI4: Cheat sheets 

AI20: Create tutorial videos PI2: Tutorial videos 

AI21: Peer/individual worksheets PI5: Peer assisted learning 
PI6: Pair programming 
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Table 7.5: Summary of actual interventions for AR cycle 3 (continued) 

Actual intervention Link to PI (Table 7.4) 
AI22: Quiz game in class (Kahoot!) PI1: Formative assessments 

AI23: Student-led practical sessions N/A 

AI24: Graded in-class activities PI1: Formative assessments 

AI25: Feedback to students about misconception (AI24) PI1: Formative assessments 

AI26: Feedback to lecturer about misconceptions (AI24) PI1: Formative assessments 

AI27: Student reflection on outcomes (Checklist tool in eFundiTM) PI1: Formative assessments 

AI28: Handwritten class tests PI1: Formative assessments 

AI29: Prescribe new textbook N/A 

AI30: Homework moves to in-class activities PI1: Formative assessments 

AI31: Incentives  N/A 

AI32: Feedback within group for video 
PI1: Formative assessments  
PI2: Tutorial videos 

 

Additional interventions, as discussed in the previous sections, which address the 

intervention requirements (Table 7.2) are listed for cycle 3 in Table 7.6. 

 

Table 7.6: Mapping of interventions for AR cycle 3 to intervention 
requirements 

Intervention requirements Intervention used from 
cycle 2 Success  

Additional 
interventions in cycle 

3 
Revisit concepts needed to 
complete current course, 
even if it includes concepts 
from previous course. 

AI3: Concept quiz 
before study unit Unsure 

AI18: Theory session  
AI11: SI Unsure 
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Table 7.6: Mapping of interventions for AR cycle 3 to intervention 
requirements (continued) 

Intervention requirements Intervention used from 
cycle 2 Success  

Additional 
interventions in cycle 

3 

Activities that promote 
problem-solving, viable 
mental model construction 
and abstraction within 
constructivist guidelines 
(Ben-Ari, 2001:68). 

AI3: Concept quiz 
before study unit Unsure AI19: Chapter 

summaries in notebook 
AI20: Create tutorial 
videos 
AI21: Peer/individual 
worksheets 
AI22: Quiz game in 
class (Kahoot!) 
AI23: Student-led 
practical sessions 
AI24: Graded in-class 
activities 
AI25: Feedback to 
students about 
misconception (AI24) 
AI26: Feedback to 
lecturer about 
misconceptions (AI24) 
AI27: Student reflection 
on outcomes (Checklist 
tool in eFundiTM) 
AI28: Handwritten 
class tests 
AI32: Feedback within 
group for video 

AI5: Class assistants 
assist within the 
practical class to correct 
non-viable mental 
models 

Unsure 

AI9: Provide graded 
suggested solutions and 
feedback for 
assignments 

Unsure 

AI11: SI Unsure 

Activities that build viable 
mental models step-by-step 
through the slow 
introduction of concepts. 

AI11: SI 
 

Unsure 

AI18: Theory session  
AI21: Peer/individual 
worksheets 
AI23: Student-led 
practical sessions 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

None 
AI29: Prescribe new 
textbook  
 

Additional contact time is 
necessary to at least align 
the contact time on 
campuses. 

None AI18: Theory session 
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Table 7.6: Mapping of interventions for AR cycle 3 to intervention requirements 
  (continued) 

Intervention requirements Intervention used from 
cycle 2 Success  

Additional 
interventions in cycle 

3 
Social interaction should 
have the goal of students 
working together to 
complete a task in order to 
allow the possibility that 
students can explain 
different concepts to one 
another, which is in a more 
comfortable setting than 
between lecturer and 
students, for instance. 

AI11: SI Unsure 

AI20: Create tutorial 
videos 
AI21: Peer/individual 
worksheets 
AI23: Student-led 
practical sessions 
 

Activities should be 
planned so that contact 
time is used for students to 
have access to the lecturer 
to correct non-viable mental 
models, and activities 
should serve a purpose in 
terms of learning and 
grades. 

AI11: SI Unsure 
AI30: Homework 
moves to in-class 
activities 
AI18: Theory session AI13: More assessment 

opportunities Yes 

Reflect on interventions 
and make necessary 
changes to improve the 
programming skills of 
students. 

Guidelines developed in Chapter 5, 
diagnosis (§ 6.2) and planning 
intervention (§ 6.3) in the current 
chapter 

All – Listen to students 
and adapt instructional 
design. 

Lecturer should make a 
conscious effort to engage 
with students. 

N/A (New guideline from cycle 2) AI23: Student-led 
practical sessions 
AI26: Feedback to 
lecturer about 
misconceptions (AI24) 

Plan activities with purpose 
and attach incentives to 
each activity in order to 
encourage participation. 

N/A (New guideline from cycle 2) AI24: Graded in-class 
activities 
AI31: Incentives 
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Table 7.6: Mapping of interventions for AR cycle 3 to intervention requirements 
  (continued) 

Intervention requirements Intervention used 
from cycle 2 Success  

Additional 
interventions in cycle 

3 

Plan activities in such a 
way that students get the 
opportunity to discover 
content for themselves 
within an environment 
where misconceptions can 
be addressed. 

N/A (New guideline from cycle 2) 

AI3: Concept quiz 
before study unit. 
AI19: Chapter 
summaries in notebook 
AI20: Create tutorial 
videos 
AI23: Student-led 
practical sessions 
AI27: Student reflection 
on outcomes (Checklist 
tool in eFundiTM) 

 

The interventions used in cycle 1 and cycle 2 are summarised in Table 7.7. The table 

builds on the actual interventions table and success thereof in Chapter 5 (Table 5.15). The 

cycle in which the intervention is initiated is indicated. The success of the current cycle’s 

interventions cannot be determined yet, and is indicated with TBI, short for ‘to be 

investigated’.  

Table 7.7: Actual interventions used for AR cycles 1, 2 and 3 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI1: Read a chapter before each 
study unit PI3: Prepare before class No C1 

AI2: Watch tutorial videos PI2: Tutorial videos No C1 

AI3: Concept quiz before study unit 

PI1: Formative 
assessments  
PI3: Prepare before class 
 

Unsure C1 

AI4: Lecturer completes an example 
with class N/A Unsure C1 
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Table 7.7: Actual interventions used for AR cycles 1, 2 and 3 (continued) 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI5: Class assistants assist within 
the practical class to correct non-
viable mental models 

PI5: Peer-assisted 
learning PI6: Pair 
programming 

Unsure C1 

AI6: Provide suggested solution to 
example (AI4) 

PI1: Formative 
assessments Unsure C1 

AI7: Provide ungraded suggested 
solution for in-class activity 

PI1: Formative 
assessments Unsure C1 

AI8: Provide ungraded suggested 
solution for homework activity 

PI1: Formative 
assessments Unsure C1 

AI9: Provide graded suggested 
solutions and feedback for 
assignments 

PI1: Formative 
assessments Unsure C1 

AI10: Additional contact session N/A Unsure C2 

AI11: SI PI5: Peer assisted 
learning Unsure C2 

AI12: Lecturer “how-to” notes Inspired by PI4: Cheat 
sheets Yes C2 

AI13: More assessment opportunities PI1: Formative 
assessments Yes C2 

AI14: Cheat sheets PI4: Cheat sheets No C2 

AI15: Request to lecture UIP 1 N/A Yes C2 

AI16: Intervention talk N/A Yes C2 

AI17: Count textbooks N/A Yes C2 

AI18: Theory session N/A TBI C3 

AI19: Chapter summaries in 
notebook 

PI3: Prepare before class 
PI4: Cheat sheets 

TBI C3 

AI20: Create tutorial videos PI2: Tutorial videos TBI C3 

AI21: Peer/individual worksheets PI5: Peer-assisted 
learning  
Inspired by PI6: Pair 
programming 

TBI C3 

AI22: Quiz game in class (Kahoot!) PI1: Formative 
assessments 

TBI C3 
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Table 7.7: Actual interventions used for AR cycles 1, 2 and 3 (continued) 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI23: Student-led practical sessions N/A TBI C3 

AI24: Graded in-class activities PI1: Formative 
assessments TBI C3 

AI25: Feedback to students about 
misconception (AI24) 

PI1: Formative 
assessments TBI C3 

AI26: Feedback to lecturer about 
misconceptions (AI24) 

PI1: Formative 
assessments TBI C3 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 

PI1: Formative 
assessments TBI C3 

AI28: Handwritten class tests PI1: Formative 
assessments TBI C3 

AI29: Prescribe new textbook N/A TBI C3 

AI30: Homework moves to in-class 
activities 

PI1: Formative 
assessments TBI C3 

AI31: Incentives  N/A TBI C3 

AI32: Feedback within group for 
video 

PI1: Formative 
assessments  
PI2: Tutorial videos 

TBI C3 

 

The actual interventions will be added for each cycle as the study continues. The 

intervention plan is reflected upon in terms of its positioning within Lye and Koh's (2014:59) 

PSLE in the next section. 

7.3.13 Reflecting on the positioning of the planned intervention within PSLE 

The guidelines that were developed in cycle 1 and cycle 2 incorporate the guidelines for 

a PSLE as Lye and Koh (2014:59) suggest. Therefore, many interventions planned in 

cycle 1 and cycle 2 already incorporate the guidelines for a PSLE, and are shown in Table 

7.8. The additional interventions that are added to interventions in cycle 3 are also 

indicated.  
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Table 7.8: PSLE applied to the AR cycle 3 

PSLE guidelines 
(§4.3) Interventions planned for cycle 3 Linked to guidelines 

(Table 7.2) 

PSLE1: Authentic 
problems 

Provide students with problems/systems 
that they can relate to and envision 

C1GL4: Relevant 
study material 

PSLE2: Information 
processing Refer to Table 7.9 

PSLE3: Scaffolding 

AI11: SI  
AI18: Theory session 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
 

C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL6: Social 
interaction 

PSLE4: Reflection 

AI21: Peer/individual worksheets  
AI22: Quiz game in class (Kahoot!) 
AI24: Graded in-class activities (AI4). 
AI25: Feedback to students about 
misconception (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 
AI32: Feedback within group for video 

C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL7: Consider 
external pressures 
C2GL10: Incentives 

PSLE5: Miscellaneous 

Environmental factors and lecturer 
knowledge. 
AI30: Homework moves to in-class 
activities 

C1GL7: Consider 
external pressures 
G1GL8: Lecturer 
knowledge: Self-
critical reflection. 

 

Ben-Ari's (2001:68) guidelines for CS educators on the practical application of 

constructivism (§ 4.2.3) are used to address information processing activities within Lye 

and Koh's (2014:59) PSLE design (§ 4.3). In order to improve the programming skills of 

students, viable mental model construction is a priority and in line with constructivism. A 

list follows with practical applications of constructivism in order to address information 

processing (Table 7.9) for this study: 
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Table 7.9: Constructivist guidelines to improve information processing of 
students applied to AR cycle 3 (Ben-Ari, 2001:68) 

Constructivist 
guidelines 

(§ 4.2.3) 
Interventions planned for cycle 3 Linked to guidelines (Table 

7.2) 

Desired cognitive 
change for students 
(mere knowledge 
transfer is not 
sufficient) 

AI11: SI  
AI18: Theory session 
AI19: Chapter summaries in notebook 
AI20: Create tutorial videos 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
AI29: Prescribe new textbook 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL4: Relevant study 
material 
C1GL5: Sufficient contact time 
C1GL6: Social interaction 
C2GL9: Lecturer engagement 
C2GL10: Incentives 
C2GL11: Opportunity to 
discover content 

Prior knowledge 

AI3: Concept quiz before study unit (§ 
5.4.1) 
AI18: Theory session 
AI19: Chapter summaries in notebook 
AI20: Create tutorial videos 
AI21: Peer/individual worksheets 
AI28: Handwritten class tests 
AI29: Prescribe new textbook 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1CL4: Relevant study 
material 
C1GL5: Sufficient contact time 
C1GL6: Social interaction 
C2GL10: Incentives 

Abstraction for 
course 

AI11: SI  
AI18: Theory session 
AI19: Chapter summaries in notebook 
AI20: Create tutorial videos 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
AI28: Handwritten class tests 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1CL4: Relevant study 
material 
C1GL5: Sufficient contact time 
C1GL6: Social interaction 
C1GL7: External factors 
C2GL10: Incentives 
C2GL11: Opportunity to 
discover content 
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Table 7.9: Constructivist guidelines to improve information of students applied 
  to AR cycle 3 (Ben-Ari, 2001:68) (continued) 

Constructivist 
guidelines 

(§ 4.2.3) 
Interventions planned for cycle 3 Linked to guidelines 

(Table 7.2) 

Facilitating the 
process of 
modifying the 
mental model 

AI5: Class assistants assist within the 
practical class to correct non-viable mental 
models. 
AI11: SI  
AI18: Theory session 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
AI24: Graded in-class activities (AI4). 
AI25: Feedback to students about 
misconception (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI30: Homework moves to in-class 
activities 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C1GL7: Consider external 
pressures 
C2GL9: Lecturer 
engagement 
C2GL10: Incentives 
C2GL11: Opportunity to 
discover content 
 

Individual reflection 
& social interaction 

AI11: SI  
AI24: Graded in-class activities (AI4). 
AI25: Feedback to students about 
misconception (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 
AI32: Feedback within group for video 

C1GL2: Information 
processing 
C1GL6: Social interaction 
C2GL9: Lecturer 
engagement 
C2GL10: Incentives 

 

More details regarding the interventions planned for the instructional approach for this 

course are provided. 

7.3.14 Action plan: Updated instructional design 

The proposed and updated instructional design incorporates the interventions as 

discussed in the previous sections and is discussed in terms of student preparation 

(§ 7.3.14.1), participation (§ 7.3.14.2), reflection (§ 7.3.14.3), formative (§ 7.3.14.4) and 
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summative (§ 7.3.14.5) assessments. Finally, the proposed instructional approach is 

summarised (§ 7.3.14.6). 

7.3.14.1 Student preparation before the contact session 

For cycle 3, various preparation activities are planned to address the lack of prior 

knowledge in previous cycles that led to C1GL1: Prior learning should be in place. The 

preparation activities include: 

• chapter summaries in the form of notebooks before each study unit; 

• student-created tutorial videos within a group before each study unit; and 

• write a graded concept test on eFundiTM. 

Interventions that form part of participation during the contact session are discussed next.  

7.3.14.2 Participation during contact session 

A theory session is requested, which will include an in-depth explanation by the lecturer 

for viable mental model construction and scaffolding of concepts with examples and 

exercises (§ 7.3.1.1). In addition, other activities are done during the theory session, such 

as: 

• peer/individual worksheets; and 

• an interactive quiz game (Kahoot!); 

These activities are planned to keep the students engaged. The practical sessions will be 

student-led, where: 

• homework activities are replaced by in-class graded activities that are submitted on 

eFundiTM; 

• student assistants will assist in class; 
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• lecturer engagement is enhanced since no formal teaching will take place in this 

session; 

Reflection/revision activities that follow and build on the contact session are discussed in 

the next section. 

7.3.14.3 Reflection/revision after contact session 

After the contact sessions, in-class activities are graded and solutions are provided. No 

homework is given; only preparation before each study unit is required. SI sessions are 

added to enhance information processing, scaffolding and social interaction. The 

interventions planned are as follows: 

• Grade the in-class activity and upload suggested solution for the in-class activities on 

eFundiTM;  

• Feedback to students from assistants on in-class activity on eFundiTM; 

• Feedback to the lecturer from assistants on in-class activity using Google Forms; 

• Student reflection upon reaching the outcomes for the study unit using the Checklist 

tool on eFundiTM;  

• SI sessions; and 

• Feedback on tutorial videos within group. 

The formative and summative assessments are discussed next. 

7.3.14.4 Formative assessment 

Formative assessments are planned with the aim to inform students of their current 

understanding and possible misconceptions. Incentives and additional assessment 

opportunities are provided considering the external factors that cause pressure on 

students. The formative assessments are: 
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• Chapter summaries in notebooks contribute 5% towards a student’s PM; 

• Student-created tutorial videos contribute 5% towards a student’s PM; 

• The best six out seven quizzes before each study unit contribute 5% towards the PM; 

• The best 80% of in-class activities contribute 5% towards the PM; 

• The best three out of four handwritten class tests contribute 50% towards the PM; and 

• The semester test contributes 30% towards the PM. 

In addition, one handwritten class test is allowed to be written with a textbook and one 

more with a notebook. Summative assessment will be discussed next. 

7.3.14.5 Summative assessment 

The examination is still a three-hour assessment.  

7.3.14.6 Summary of the proposed instructional approach 

The intervention planned for this cycle is shown in Table 7.10, based on planned class 

activities promoting active learning. Each PSLE aspect is mapped to each action planned, 

which, in turn, maps to the guidelines; this initial mapping occurs in Table 7.7 and Table 

7.8. In addition, computational thinking skills that are addressed are listed for each action 

planned. 
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Table 7.10: Intervention plan for AR cycle 3 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Student preparation before contact session 

AI3: Concept quiz before study unit 
PSLE2: Information processing 
PSLE3: Scaffolding 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI19: Chapter summaries in notebook PSLE2: Information processing Decomposition, abstraction, debugging, iteration 

AI20: Create tutorial videos PSLE2: Information processing Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during one 1.15-hour theory session 

AI18: Theory session 
All 
 

Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI21: Peer/individual worksheets 

AI22: Quiz game in class (Kahoot!) 

Participation during one 3-hour practical session 

AI5: Class assistants assist within the practical 
class to correct non-viable mental models 

PSLE2: Information processing 
PSLE3: Scaffolding Decomposition, abstraction, algorithms, 

debugging, iteration AI23: Student-led practical sessions All 

AI24: Graded in-class activities All 

 



 

318 | C h a p t e r  7 :   A c t i o n  r e s e a r c h  c y c l e  3  
 

Table 7.10: Intervention plan for AR cycle 3 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Participation during one 3-hour practical session 

AI30: Homework moves to in-class 
activities PSLE2: Information processing Decomposition, abstraction, algorithms, 

debugging, iteration 

Reflection/revision after contact session 

AI11: SI PSLE2: Information processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI25: Feedback to students about 
misconceptions (AI24) PSLE4: Reflection 

AI26: Feedback to lecturer about 
misconceptions (AI24) PSLE4: Reflection 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) PSLE4: Reflection 

AI32: Feedback within group for video PSLE4: Reflection 

Formative assessment 

AI13: More assessment opportunities 
AI3: Concept quiz before study unit – 6 out 
of 7 quizzes contribute 5% towards the PM PSLE1: Authentic problems 

PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation AI19: Chapter summaries in notebook 

contribute 5% towards the PM 

AI20: Created tutorial videos contribute 5% 
towards the PM 
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Table 7.10: Intervention plan for AR cycle 3 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Formative assessment 

AI13: More assessment opportunities 
AI24: Graded in-class activities – the best 
80% of in-class activities contribute 5% 
towards the PM 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

AI13: More assessment opportunities 
AI28: Handwritten class tests – the best 3 out 
of 4 contribute 50% towards the PM 
* 1st test with AI29: Prescribe new textbook 
* Another test with AI19: Chapter summaries 
in notebook 

One semester test contribute 30% towards 
the PM 

Summative assessment 

Three-hour practical examination (contributes 
50% towards course mark) 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization 

 

The planned instructional approach (Table 7.10) is executed in the next section. 
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7.4 Action taking 

The planned interventions are carried out as set out in the previous section. The 

intervention initiates with a request for a theory session in order to align with the other 

campus and to have sufficient contact time (C1GL5). The theory session is allocated and 

forms part of the schedule from the start of the semester and is therefore compulsory for 

all students. Before the theory class, students summarise the study unit in a notebook, 

complete a quiz on eFundi
TM

, and create tutorial videos within a group setting (C1GL6). 

Within the theory class, lecturer presentations are given with interactive exercises, 

worksheets and quizzes. Practical sessions are student led and homework is replaced by 

in-class activities so that students complete activities when student assistants and the 

lecturer are available to assist, thereby improving lecturer engagement (C2GL9). In-class 

activities are submitted and graded, and feedback is provided by assistants when 

necessary. Feedback is also provided to the lecturer, which then addresses 

misconceptions in the following contact session. SI sessions are conducted covering 

topics listed in the feedback to the lecturer by assistants. 

Handwritten class tests are written, the first with the textbook to encourage the purchase 

of the textbook, and another test written with the notebook. The semester test is written 

and examination is completed. The evaluation takes place in the next section regarding 

the intervention plan. 

7.5 Evaluation 

During the evaluation phase, interviews are conducted in order to strive towards the totality 

of conditions as explained by Kant with the aim to understand (§ 3.2.5.1). The totality of 

conditioned realities is an ideal, but understanding more conditioned views enhances the 

understanding about the problematic situation (Ulrich, 1983:225). The empirical report will 

be discussed according to participants (§ 7.5.1), data collection (§ 7.5.2), data 

representation, analysis and findings for interviews in terms of the experiences of the 

students (§ 7.5.3), and the lecturer’s rational perspectives are presented, analysed and 

findings are listed (§ 7.5.4). 
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7.5.1 Participants 

The participants who formed part of the evaluation included students who completed the 

UIP 1 course. There were no office visits during this cycle and the lecturer was not aware 

of any complaints or concerns. All students in UIP 1 were asked to voluntarily participate 

in the research interviews. A page with a discussion of the purpose of the interpretive 

questionnaire, the process of the interview and assurance of anonymity is circulated 

along with an empty list where students could write down their contact details. This list 

is used to contact participants for interviews. There were 22 volunteers who provided their 

details on the list. Purposeful participant selection was used, considering participants’ final 

course grade to invite them (students that volunteered) for interviews; for example, inviting 

three students (in each category) who achieved distinctions, performed average (50 to 

74%) and failed the course. The following students were available for interviews in the 

provided time slots: three students (P1, P4, P5) who achieved distinctions, two students 

(P3, P6) who achieved an average grade (50 to 74%), and no volunteers on the list who 

failed the course. In general, it seems that students who were more positive volunteered 

for the interviews, which can possibly influence the interviews to portray more positive 

views. Special care was taken to repeatedly invite students who failed the course (even 

though they were not on the list), and eventually one student agreed (P2) and participated. 

The participants were interviewed and their interviews were used for transcription and 

analysis. 

7.5.2 Data collection: Towards the totality of conditioned realities' 

The data collection process is followed as explained in the previous chapter (§ 6.5). Firstly, 

the polemical views of the affected students in the form of formal interviews (§ 7.5.3) are 

presented, analysed and findings are given. The questions are presented in Table 7.11 

and were developed firstly to understand, and secondly to validate the instructional 

approach and interventions used. The questions are either linked to the actual 

interventions used (Table 7.7) and/or the PSLE aspect addressed (Table 7.8). The letter 

for consent is included in Annexure A. A separate file contains the interview transcripts. 
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Table 7.11: Interview questions for AR cycle 3 

Nr. Question 
Actual intervention 

strategy used (Table 7.6) 

Instructional 
approach in terms of 

PSLE  (Table 5.4) 

1 
Would you say that the content of UIP 1 

helped you to complete other courses? 

6AI29: Prescribe new 

textbook 
All 

2 
Did the theory class help you to form an 

understanding of the concepts in UIP 1? 
AI18: Theory session 

PSLE1: Authentic 

problems 

PSLE2: Information 

processing 

PSLE3: Scaffolding 

3 

Were the activities such as worksheets 

(peer/individual) and Kahoot! games in the 

theory class sensible to you?  

AI21: Peer/individual 

worksheets  

AI22: Quiz game in class 

(Kahoot!) 

All 

4 
Did you enjoy doing a worksheet with 

another student? 

AI21: Peer/individual 

worksheets  
All 

5 
Do you feel that the lecturer engaged with 

the students? 

AI23: Student-led practical 

sessions 

Information processing 

PSLE3: Scaffolding 

6 

How did you experience creating your own 

tutorial video? Did you learn while creating 

the video? 

AI20: Create tutorial videos 
PSLE2: Information 

processing 

7 

Did other group members provide 

constructive feedback regarding your 

video? 

AI32: Feedback within 

group for video 
PSLE4: Reflection 

8 

Did the chapter summaries in your 

notebook help you to form an 

understanding of the programming 

concepts? 

AI19: Chapter summaries 

in notebook 

PSLE2: Information 

processing 

9 Was the textbook relevant?  
AI29: Prescribe new 

textbook 
All 

10 Did handwritten class tests help you to 

grasp concepts better?  

AI28: Handwritten class 

tests 

PSLE1: Authentic 

problems 

PSLE2: Information 

processing 

PSLE4: Reflection 

                                                

6 The rationale of the question was to determine whether the content of the course was relevant in 

other courses of which the new prescribed textbook plays an important role providing good 

general programming concepts and examples.  



 

323 | C h a p t e r  7 :   A c t i o n  r e s e a r c h  c y c l e  3  

 

Table 7.11: Interview questions for AR cycle 3 (continued) 

Nr. Question 
Actual intervention 

strategy used (Table 7.6) 

Instructional 
approach in terms of 

PSLE  (Table 5.4) 

11 

Did incentives motivate you to do certain 

things, for example, completing the 

notebook because it counts towards 

participation or that you could write a class 

test with your notebook and buying and 

using the textbook because you were 

allowed to write an open-book class test? 

AI31: Incentives N/A 

12 

Were the feedback and marks provided on 

class activities by student assistants 

helpful? 

AI24: Graded in-class 

activities 

AI25: Feedback to students 

about misconception (AI24) 

All 

13 

Did completing the checklist on the course 

site on eFundiTM on the outcomes help you 

to determine where you might have 

misconceptions? 

AI27: Student reflection on 

outcomes (Checklist tool in 

eFundiTM) 

PSLE4: Reflection 

14 

Did you enjoy the structure of the practical 

class, following a lesson on your own that 

is set up before-hand? 

AI23: Student-led practical 

sessions 
All 

15 
Did the quizzes before each study unit help 

you? 

AI3: Concept quiz before 

study unit 

PSLE2: Information 

processing 

PSLE3: Scaffolding 

16 

Were the assistants in the practical class 

helpful to you when you did not 

understand? 

AI5: Class assistants 

assists within the practical 

class to correct non-viable 

mental models 

PSLE2: Information 

processing 

17 
Did you attend SI? If yes, was it helpful in 

improving your understanding of concepts? 
AI11:SI 

PSLE2: Information 

processing 

18 Did you want more group work activities? 

AI20: Create tutorial videos 

AI21: Peer/individual 

worksheets 

All 

19 What did you enjoy about the lecturing 

style? 

All used in cycle 3 All 

20 What did you not enjoy about the lecturing 

style? 

All used in cycle 3 All 

21 What could I have done differently? All used in cycle 3 All 
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Secondly, the rational argumentation of the lecturer (§ 7.5.4) is presented and analysed, 

and findings are declared. The collected data is analysed in the sections that follow. 

7.5.3 Representation and analysis: Polemical views of the affected students 

during formal interviews’ 

In this section, the polemical views of students are presented using content analysis done 

similar to Chapter 6 (§ 6.5). The strategy followed for coding is outlined in the next section 

(§ 7.5.3.1). 

7.5.3.1 Coding strategy 

The coding strategy is done using Zhang and Wildemuth's (2009:3) guidelines, similar to 

the guidelines discussed in Chapter 6 (§ 6.5), and therefore identical steps will not be 

discussed again. The next section commences with step 5, coding all the text (§ 7.5.3.2), 

followed by step 7, the conclusions (§ 7.5.3.3). 

7.5.3.2 Step 5: Code all text 

All text is now coded following this process and the final numbered and alphabetical list of 

codes for all the participants is provided in Table 7.12. 

Table 7.12: List of codes for all participants (AR cycle 3) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

1 
Assessment: Only one practical test scared 

me 
1 0 1 0 0 0 2 

2 Assistants: Interactive and helpful 2 0 1 1 2 1 7 

3 Assistants: Were not always helpful 0 2 0 0 0 0 2 

4 Checklist: Completed the checklist 0 0 2 0 0 0 2 

5 
Checklist: Completed the checklist 

sometimes 
1 0 0 2 0 0 3 

6 
Checklist: It helped me to reflect on my own 

understanding 
0 0 1 1 0 0 2 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

7 
Checklist: Never completed the checklist 

because I felt I was done with the study unit 
1 1 0 0 1 1 4 

8 
Checklist: Position is at the bottom of the 

lessons page making it easy to miss 
1 0 0 0 0 0 1 

9 
Course: I apply knowledge learned here in 

other modules 
0 2 1 1 1 1 6 

10 

Creating tutorial videos: Causes 

disagreements when low grades are 

received 

1 0 0 0 0 0 1 

11 
Creating tutorial videos: Feedback from 

group members after grade is received 
1 0 0 0 0 0 1 

12 

Creating tutorial videos: Feedback was 

given by most members using WhatsApp 

before submission 

0 0 1 0 0 0 1 

13 
Creating tutorial videos: I did it because I 

had to 
0 1 1 1 0 0 3 

14 
Creating tutorial videos: I enjoyed making 

my own video 
0 0 0 0 1 0 1 

15 

Creating tutorial videos: I learned content in 

the process, still remembering the content 

long after making the video 

0 1 1 1 1 1 5 

16 
Creating tutorial videos improved my time 

management skills 
1 0 0 0 0 0 1 

17 
Creating tutorial videos: It helped us and we 

use the skills in other courses 
2 0 0 0 0 0 2 

18 
Creating tutorial videos: It was hard at first, 

but got better with time 
1 0 1 0 0 0 2 

19 Creating tutorial videos: Limited feedback 1 1 0 1 2 1 6 

20 

Creating tutorial videos: Limited feedback 

because friends do not want to point out 

each other’s mistakes 

2 0 0 0 0 0 2 

21 

Creating tutorial videos: Some students 

said that they understood and watched my 

video 

0 0 0 0 0 1 1 

22 Feedback: Received limited feedback 1 0 0 1 0 1 3 

23 Feedback was helpful 0 1 1 1 1 0 4 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

24 
Graded activities helped me to reflect 

where I had misconceptions 
1 1 1 1 1 1 6 

25 Group work: Causes friends to disagree 1 0 0 0 1 2 4 

26 Group work: Do not want more group work 1 1 0 1 1 1 5 

27 Group work: Is challenging 0 0 1 0 0 1 2 

28 

Group work: Some group members have to 

work harder to compensate for other 

members not doing their part 

2 0 0 1 0 0 3 

29 Handwritten class tests helped me to learn 0 1 1 1 1 1 5 

30 

Handwritten class tests require more 

studying, but you remember the concepts 

better when in practical 

0 1 0 1 1 1 4 

31 
I do not have confidence to ask questions in 

class 
0 2 0 0 0 0 2 

32 I failed because I did not attend SI 0 1 0 0 0 0 1 

33 I failed because I did not do my part 0 1 0 0 0 0 1 

34 I failed because I gave up 0 1 0 0 0 0 1 

35 
I failed because I would not address 

misunderstood concepts immediately 
0 1 0 0 0 0 1 

36 I failed because of external factors 0 1 0 0 0 0 1 

37 Incentives: Easy way to get marks 1 0 1 1 1 1 5 

38 
Incentives: I pass tests because of the 

preparation involved in the activities 
1 0 1 2 0 0 4 

39 
Incentives motivated me to complete 

activities 
1 1 1 1 1 1 6 

40 Kahoot: Enjoyed 2 1 1 1 1 1 7 

41 
Kahoot helped me realise which gaps in 

knowledge I have 
1 0 0 0 1 0 2 

42 
Kahoot helped me to apply concepts in 

practical 
1 0 0 0 0 0 1 

43 Kahoot helped me to remember 1 1 1 0 0 1 4 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

44 
Kahoot helped to correct non-viable mental 

models 
1 0 0 0 1 1 3 

45 
Kahoot improved engagement and 

concentration 
1 0 1 0 1 0 3 

46 Lecturer engaged with students 1 0 2 1 2 1 7 

47 

Lecturer engagement: I feel you did not 

engage with students who did not 

understand 

0 2 0 0 0 0 2 

48 

Lecturer knowledge: Students are confident 

that the lecturer can assist with difficult 

programming problems 

1 0 0 0 0 0 1 

49 Lecturing style: Activities were helpful 0 1 0 0 0 0 1 

50 Lecturing style: Be more welcoming 0 1 0 0 0 0 1 

51 Lecturing style: Did not spoon-feed us 0 0 0 1 0 1 2 

52 
Lecturing style: Enjoyed that lecturer is 

always willing to help 
0 0 1 0 1 0 2 

53 Lecturing style: Enjoyed working on my own 0 0 1 1 0 0 2 

54 
Lecturing style: I feel scared of you making 

me feel dumb when I ask a question 
0 1 0 0 0 0 1 

55 
Lecturing style: I felt that you were lecturing 

PhD students 
0 1 0 0 0 0 1 

56 Lecturing style: I learned by doing it myself 0 0 0 1 0 0 1 

57 
Lecturing style: I like that you are 

approachable 
2 0 2 0 1 0 5 

58 Lecturing style: I like that you are funny 1 0 0 0 1 0 2 

59 
Lecturing style: Lecturer assumes a certain 

level of knowledge 
0 1 0 0 0 0 1 

60 
Lecturing style: Lecturer relates with us and 

understands us 
1 0 1 0 0 0 2 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

61 
Lecturing style: Make effort to make sure 

that students understand 
0 1 0 0 0 0 1 

62 Lecturing style: Need more engagement 0 1 0 0 0 0 1 

63 Lecturing style: No changes suggested 1 0 0 0 1 1 3 

64 Lecturing style: Satisfied 1 0 0 0 0 0 1 

65 
Less theory should be included in the 

course because it is a practical course 
0 0 0 1 0 0 1 

66 Lessons page: Content is relevant 1 1 1 1 1 1 6 

67 Lessons page: Layout is logical 1 1 1 1 1 1 6 

68 
Lessons page: Layout is very helpful with 

information where you need it 
1 1 1 1 1 1 6 

69 Notebook helped me to learn concepts 0 1 1 1 2 1 6 

70 Notebook helped me to remember my code 1 0 1 2 1 0 5 

71 
Notebook: Used in practical class for 

activities 
0 0 1 0 0 0 1 

72 
Notebook: Writing helps me internalise 

concepts 
0 0 0 0 2 1 3 

73 
Practical class: Assistants were always 

available to help 
1 0 1 0 0 1 3 

74 Practical session: Enjoyed the structure 1 1 1 1 1 1 6 

75 
Practical session: I understand better if I 

code on my own 
1 0 1 0 1 0 3 

76 
Practical session: Prefer to complete 

activities on my own 
1 1 2 1 1 1 7 

77 
Practical session: With difficult topics, 

lecturer-led example would have been nice 
0 0 2 0 0 0 2 

78 Prefer individual work over group work 0 0 1 1 0 1 3 

79 Quizzes: Did not prepare well enough 0 0 1 0 1 0 2 

80 
Quizzes: Helped me to realise gaps in my 

understanding 
0 0 1 0 1 1 3 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

81 
Quizzes: Helped me to understand 

concepts 
2 1 0 0 1 1 5 

82 Quizzes: I did not study for them 0 0 0 1 0 0 1 

83 Quizzes: I studied 1 0 0 0 0 1 2 

84 
Quizzes: Notebook helped me to prepare 

for quizzes 
1 0 1 1 0 0 3 

85 Quizzes: Were not helpful 0 0 0 1 0 0 1 

86 
SI: I attended and it helped me to 

understand the content 
1 1 2 0 0 0 4 

87 SI: I attended very few SI sessions 0 1 0 0 0 0 1 

88 SI: I did not attend 0 0 0 1 1 1 3 

89 SI: I did well enough not to attend SI 0 0 0 1 1 1 3 

90 
SI: I have more confidence to tell the SI to 

explain from the start 
0 1 0 0 0 0 1 

91 SI: Prepared me for assessments 1 0 1 0 0 0 2 

92 
SI: The SI leader interacted well with 

students 
1 0 0 0 0 0 1 

93 Textbook helped me to understand 1 0 1 1 0 1 4 

94 Textbook: Relevant 1 1 1 2 1 1 7 

95 Theory session: Did not help 0 0 0 1 0 0 1 

96 
Theory session: Practical is better than 

theory 
0 0 0 1 0 1 2 

97 Theory session: Sometimes I got lost 0 1 0 0 0 0 1 

98 Theory session was helpful 1 1 1 1 1 0 5 

99 
UIP1 made programming easy to 

understand 
1 0 0 0 0 0 1 

100 Worksheets peer: Enjoyed 1 0 1 2 1 1 6 
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Table 7.12: List of codes for all participants (AR cycle 3) (continued) 

Code 
nr. 

Codes P1 P2 P3 P4 P5 P6 Totals 

101 
Worksheets peer: Involved more talking 

than doing 
1 0 0 0 0 0 1 

102 
Worksheets peer/individual: Improved my 

understanding 
0 0 1 2 1 1 5 

103 
Worksheets peer/individual: Were not 

enjoyable 
0 2 0 0 0 0 2 

104 
Worksheets peer: Friend assisted when I 

did not understand and vice versa 
0 0 0 1 0 1 2 

105 
Worksheets peer: Friend could not assist 

because he/she also did not understand 
0 1 0 0 1 0 2 

 Totals 60 49 52 50 46 42 299 

 

Consistency in the coding process is ensured through re-evaluation of previous interviews 

with the new codes of each new coded response. 

7.5.3.3 Step 7: Findings 

In the previous section, interviews were coded and presented in Table 7.12. Conclusions 

reached by means of analysis of codes based on the actual interventions and the success 

thereof are presented in Table 7.13. The codes are linked to each actual intervention in 

terms of positive feedback in favour of the intervention or negative feedback not in favour 

of the intervention. 
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Table 7.13: Students’ perceptions of success of actual interventions used for 

AR cycle 3 

Actual intervention Codes + Codes - Success 

AI3: Concept quiz before study unit 80, 81, 83, 84 79, 82, 85 Yes 

AI5: Class assistants assist within the practical 

class to correct non-viable mental models 
2, 73 3 Yes 

AI11: SI 
86, 877, 88, 89, 

90, 91, 92 
787, 88, 89 Yes 

AI13: More assessment opportunities 

49, 51, 52, 53, 56, 

57, 58, 60, 61, 63, 

64 

 Yes 

AI18: Theory session 98 95, 97 Yes 

AI19: Chapter summaries in notebook 69, 70, 71, 72  Yes 

AI20: Create tutorial videos 
11,12,13,14,15, 

16, 17, 18, 21 
 Yes 

AI21: Peer/individual worksheets 100, 102, 104  Yes 

AI22: Quiz game in class (Kahoot!) 
40, 41, 42, 43, 44, 

55 
 Yes 

AI23: Student-led practical sessions 73, 74, 75, 76  Yes 

AI24: Graded in-class activities 23, 24  Yes 

AI25: Feedback to students about 

misconceptions (AI24) 
22, 23, 24  Yes 

AI26: Feedback to lecturer about 

misconceptions (AI24) 
N/A N/A N/A 

AI27: Student reflection on outcomes (Checklist 

tool in eFundiTM) 
4, 5, 6 7, 8 No 

AI28: Handwritten class tests 29, 30, 71  Yes 

AI29: Prescribe new textbook 93, 94  Yes 

AI30: Homework moves to in-class activities 73, 74, 75, 76  Yes 

AI31: Incentives  37, 38, 39  Yes 

AI32: Feedback within group for video  19, 20 No 

                                                

7 Codes 87, 88 and 89 could be both positive and negative. A student could have attended very 

few SI sessions (code 87) because he/she did not have the need to attend, or students did not 

attend (code 88), because they performed well enough (code 89) not to attend. 
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The success of the interventions used for cycle 3 according to the polemical views of 

students is discussed and can be summarised as: 

• Most participants indicated that quizzes (IA3) help students to internalise concepts 

(code 81) and help students to reflect on the misconceptions or lack of knowledge in 

their current understanding (code 80). This intervention was successful; 

• Class assistants (AI5) are seen as very helpful and interactive (code 2) by all 

participants, except by one participant (P2), who failed the course (code 3). This 

intervention was successful; 

• Students who attended SI sessions (AI11) feel that it improved their understanding 

(code 86), that the SI leader interacted well with the students (code 92), and they feel 

comfortable interacting with the SI (code 90). This intervention was successful; 

• No specific questions were asked about the number of assessment opportunities 

(AI13); however, a great deal of positive feedback was received about the instructional 

design (codes 49, 51, 52, 53, 56, 57, 58, 60, 61, 63, 64), and therefore the intervention 

is considered successful; 

• Theory sessions (AI18) are seen as helpful by most participants (code 98) and were a 

successful intervention; 

• The chapter summaries made before each study unit in student notebooks (AI19) 

helped students to remember and internalise concepts (code 69, code 70). The act of 

writing out code also helps students to internalise concepts (code 71). Overall, 

notebooks are seen as helpful and therefore considered a successful intervention; 

• Creation of tutorial videos (AI20) was hard for some students in the beginning, but 

became better with time (code 18). Although students did the video because they had 

to (code 13), most students agree that they learned the content in the process and 

remembered the content long after making the video (code 15). One student 
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mentioned that it improved his time management skills (code 16). This intervention is 

seen as successful; 

• One participant indicated that he/she and his/her peer used the opportunity presented 

with peer worksheets (AI21) to interact socially about topics other than the worksheet 

(code 105). Another participant who failed the course (P2) indicated that he/she did 

not enjoy completing the worksheets (code 103), because neither he/she nor his/her 

peer could complete the worksheet because of a lack of understanding (code 105). 

Overall, most participants find peer/individual worksheets enjoyable (code 100) and 

say that it improved their understanding of concepts (code 102). This was a successful 

intervention; 

• Kahoot! games (AI22) played in class are enjoyed by all participants (code 40) and 

helped students to remember concepts (code 43). This was a successful intervention; 

• The structure of the practical session (AI23) was enjoyed by all participants (code 73) 

and all participants prefer to complete practical activities on their own (code 76). This 

was a successful intervention; 

• All participants agree that graded activities (AI24) aided in the reflection process, 

helping participants to realise misconceptions and lack of knowledge (code 24). The 

feedback received was helpful (code 23) and feedback (AI25) was not given on every 

aspect (code 22). Both the feedback and the graded activities were successful 

interventions; 

• The checklist (AI27) at the end of each study unit’s lesson subpage was helpful for 

reflection on participants’ own understanding (code 6), but some participants never 

completed the checklist because they felt that they were already finished with the study 

unit (code 7). This was not a successful intervention; 

• Handwritten class tests (AI28) require more studying, but it improves retention (code 

30), and therefore handwritten tests help participants to learn (code 29) and are 

considered a successful intervention; 
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• The textbook (AI29) is relevant to all participants (code 94) and it helped most 

participants to grasp concepts within the course (93) and is considered a successful 

intervention; 

• No homework was given (AI30), and no specific interview question relates to this 

aspect directly; however, students enjoyed the structure of the practical session (code 

73) and all participants prefer the structure as is (code 76). Therefore, this was a 

successful intervention; 

• Incentives (AI31) certainly motivate participants to complete activities within the 

course, with the agreement of all participants (code 39). Participants view incentives 

as an easy way to get marks (code 37), and that although activities were done initially 

for the incentive, the activity actually helped them to better their understanding (code 

38). This was a successful intervention; 

• When an individual created a tutorial video within a group setting, the group was 

supposed to provide feedback (AI32) to the participant whose turn it was to create the 

video. The feedback was limited from the group (code 19). This is considered as not 

successful; 

Table 7.14 shows conclusions that are reached by analysis of codes based on the PSLE 

instructional approach followed. The codes are linked to each PSLE aspect in terms of 

positive feedback in favour of the aspect or negative feedback not in favour of the aspect. 

Table 7.14: Mapping codes to PSLE aspects for AR cycle 3 

PSLE aspect Codes + Codes - 

Authentic problems 

Relevance of course 9, 99 65 

AI13: More assessment opportunities 
49, 51, 52, 53, 56, 57, 

58, 60, 61, 63, 64 
 

Information processing 

AI3: Concept quiz before study unit 80, 81, 83, 84 79, 82, 85 
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Table 7.14: Mapping codes to PSLE aspects for AR cycle 3 (continued) 

PSLE aspect Codes + Codes - 

Information processing (continued) 

AI5: Class assistants assist within the 

practical class to correct non-viable 

mental models 

2, 73 3 

AI11: SI 
86, 87, 88, 89, 90, 91, 

92 
887, 88, 89 

AI19: Chapter summaries in notebook 69, 70, 971, 72  

AI20: Create tutorial videos 
11,12,13,14,15, 16, 

17, 18, 21 
 

AI21: Peer/individual worksheets 100, 102, 104  

AI22: Quiz game in class (Kahoot!) 40, 41, 42, 43, 44, 55  

AI23: Student-led practical sessions 73, 74, 75, 76  

AI24: Graded in-class activities 23, 24  

AI28: Handwritten class tests 29, 30, 971  

AI29: Prescribe new textbook 93, 94  

AI30: Homework moves to in-class 

activities 
73, 74, 75, 76  

AI31: Incentives  37, 38, 39  

Scaffolding 

Instructional design 
49, 51, 52, 53, 56, 57, 

58, 60, 61, 63, 64 
50, 54, 55, 59, 62, 65 

AI18: Theory session 98 95, 97 

Reflection 

AI25: Feedback to students about 

misconceptions (AI24) 
22, 23, 24  

AI26: Feedback to lecturer about 

misconceptions (AI24) 
N/A  

AI27: Student reflection on outcomes 

(Checklist tool in eFundiTM) 
4, 5, 6 7, 8 

                                                

8 Codes 87, 89 and 89 could be both positive and negative. A student could have attended very 

few SI sessions (code 87), because he/she did not have the need to attend, or students did 

not attend (code 88), because they performed well enough (code 89) not to attend. 
9 Code 71 relates to writing out code or concepts; therefore, it is listed as part of notebooks and 

handwritten class tests. 
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Table 7.14: Mapping codes to PSLE aspects for AR cycle 3 (continued) 

PSLE aspect Codes + Codes - 

Reflection (continued) 

AI32: Feedback within group for video  19, 20 

Miscellaneous 

Course site with lessons page on 

eFundiTM 
66, 67, 68  

 

The course is relevant for most participants (code 9, code 99). One participant (P3) 

indicated that he/she prefers less theory, since it is a practical course (code 65). Although 

he/she does not particularly enjoy doing theory, activities in the theory session (Kahoot!, 

notebook, handwritten class tests, peer/individual worksheets etc.) are enjoyed (codes 40, 

69, 29, 100).  

The current instructional design is overall perceived as positive (code excerpt 6), with 

many participants suggesting no changes and being satisfied (code 63, code 64). All the 

negative codes listed belong to the student who failed the course and feels that the lecturer 

was not approachable to him/her (code 54, code 55). Suggestions for changes included 

having less theory as mentioned earlier by one participant (P6). 

Coding excerpt 6: Response to “What did you enjoy about my lecturing style, 
what did you not enjoy, what do you think I can change?” 

P6 

Codes: Lecturing style: No changes suggested. 

 

Researcher: … what did you enjoy about my lecturing style, what did you not enjoy, 

what do you think I can change? 

……….. 

P6: Yes.  In terms of teaching style, I don’t know, I don’t think you can change 

anything. 

Researcher: So you are happy? 

P6: In the practical class. 

Researcher: Yes so everything, the whole course.  Even theory, is there anything that 

you think I can change to make it better? 

P6: No, I don’t think so.  Not at this point. 
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Not all codes form part of the instructional approach based on PSLE. Other codes that 

represent the conditioned views of participants, which are not part of Table 7.14, can be 

categorised as: 

• More group work is not desired by the participants (code 26), feeling that group work 

causes disagreements among each other (code 25) and that they would rather do 

individual work (code 78);   

• The lecturer is perceived as very engaging by all (code 46) but one participant (P2) 

who failed the course (code 47); 

• The layout (code 67) and content (code 66) of the course’s lessons page on eFundi
TM

 

are logical and very relevant according to all the participants; 

• A discussion about reasons why P2 failed the course followed the initial interview. 

Main reasons included not working hard enough (code 33), giving up (code 34), not 

attending SI (code 32), not addressing misconceptions (code 35) and because of 

external factors (36).  

This concludes the polemical views of the students. The lecturer’s rational perspective is 

presented in the next section. 

7.5.4 Representation, analysis and findings: Lecturer’s rational perspective: 

The students’ performance and participation for cycle 3 are presented in this section in 

terms of formative assessment and reflection. Before each SU, the students had to 

complete concept tests, notebooks and tutorial videos. The scores and participation rate 

for the concept tests completed before each study unit are given in Table 7.15.  
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Table 7.15: Concept test scores (AR cycle 3) 

Unit of work 
Concept 
test nr. 

Average score 
for each 

concept test 

Participation 
rate  

SU 1: Introduction to programming and user interfaces 

SU 2: Visual C# and human computer interaction (HCI) 

(theory relating to HCI principles) 

1 69% 93% 

SU 3: Processing data (reading input with textbox controls; 

understand variables; perform calculations; format numeric 

output; exception handling; named constants; declaring 

fields; Math class; fine-tuning the GUI; and using the 

debugger) 

2 56% 96% 

SU 4: Making decisions (if, if-else; nested decision 

statement; understand equality; relational and logical 

operators with conditional expressions with bool values; 

switch statements; radio buttons; and list boxes) 

3 71% 93% 

SU 5: Loops, files and random numbers (while loops, ++ 

and – operators; for loops; do-while loops; use files for 

storage; use OpenFileDialog and SaveFileDialog controls; 

and random numbers and load event handler) 

4 62% 79% 

SU 6: Modularising with methods (void methods; passing 

arguments by value and reference; value and non-value 

returning methods; and debug methods) 

5 75% 93% 

SU 7: Multiform projects (multiple forms in a project and 

access a control on another form) 

SU 8: Databases (distinguish between tables; rows and 

columns; create a database; use DataGridView control; 

connect to an existing database; use data-bound controls; 

and SQL statements) 

6 53% 89% 

 

The notebooks were compulsory and had to be completed before class. Although 

compulsory, 78% of students completed their notebooks. An average grade of 55% was 

awarded for notebooks. Notebooks contribute 5% towards the PM. 

In terms of the tutorial videos, which also had to be completed before class, the average 

final grade per student was 52%. The tutorial video contributes 5% towards the PM. 

During theory class, worksheets and Kahoot! games were not graded, but were integrated 

interactive activities. In the practical sessions, practical programming activities were 
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completed, graded and feedback was given when relevant. Table 7.16 shows the 

performance and participation for the practical class work activities that were graded. 

Table 7.16: Practical class work activities submitted (AR cycle 3) 

Study unit Class work Performance 
Participation 

rate 

SU 2: Visual C# and human computer 

interaction (HCI) (theory relating to HCI 

principles) 

SU 2: Activity 1 76% 85% 

SU 2: Activity 2 77% 86% 

SU 2: Activity 3 75% 78% 

SU 3: Processing data (reading input with 

textbox controls; understand variables; 

perform calculations; format numeric 

output; exception handling; named 

constants;  declaring fields; Math class; 

fine-tuning the GUI; and using the 

debugger) 

SU 3: Activity 1 76% 84% 

SU 3: Activity 2 54% 60% 

SU 3: Activity 3 83% 70% 

SU 3: Activity 4 73% 84% 

SU 3: Activity 5 68% 68% 

SU 4: Making decisions (if, if-else; nested 

decision statement; understand equality; 

relational and logical operators with 

conditional expressions with bool values; 

switch statements; radio buttons; and list 

boxes) 

SU 4: Activity 1 81% 84% 

SU 4: Activity 2 74% 79% 

SU 4: Activity 3 64% 86% 

SU 5: Loops, files and random numbers 

(While loops, ++ and – operators; for loops; 

do-while loops; use files for storage; use 

OpenFileDialog and SaveFileDialog 

controls; and random numbers and load 

event handler) 

SU 5: Activity 1 81% 81% 

SU 5: Activity 2 80% 70% 

SU 5: Activity 3 72% 65% 

SU 5: Activity 4 57% 85% 

SU 5: Activity 5 50% 53% 

SU 6: Modularising with methods (void 

methods; passing arguments by value and 

reference; value and non-value returning 

methods; and debug methods) 

SU 6: Activity 1 75% 83% 

SU 6: Activity 2 63% 65% 

SU 7: Multiform projects (multiple forms in a 

project and access a control on another 

form) 

SU 8: Databases (distinguish between 

tables; rows and columns; create a 

database; use DataGridView control; 

connect to an existing database; use data-

bound controls; and SQL statements) 

SU 7 & 8: 

Activity 1 & 

Activity 2 

83% 52% 

SU 7 & 8: 

Activity 3 
96% 42% 
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Handwritten class tests were written. The average grades for the handwritten class tests 

are given in Table 7.17. The best three out of four contribute towards the PM.  

Table 7.17: Class average for handwritten class tests (AR cycle 3) 

Unit of work 
Handwritten 

test 
Average 

score  

SU 1: Introduction to programming and user interfaces and Visual 

C# 

SU 2: Human computer interaction (HCI) (theory relating to HCI 

principles) 

1 45% 

SU 3: Processing data (reading input with textbox controls; 

understand variables; perform calculations; format numeric output; 

exception handling; named constants; declaring fields; Math class; 

fine-tuning the GUI; and using the debugger) 

SU 4: Making decisions (if, if-else; nested decision statement; 

understand equality; relational and logical operators with conditional 

expressions with bool values; switch statements; radio buttons; and 

list boxes) 

2 56% 

SU 5: Loops, files and random numbers (While loops, ++ and – 

operators; for loops; do-while loops; use files for storage; use 

OpenFileDialog and SaveFileDialog controls; and random numbers 

and load event handler) 

SU 6: Modularising with methods (void methods; passing 

arguments by value and reference; value and non-value returning 

methods; and debug methods) 

3 50% 

SU 7: Multiform projects (multiple forms in a project and access a 

control on another form) 

SU 8: Databases (distinguish between tables; rows and columns; 

create a database; use DataGridView control; connect to an existing 

database; use data-bound controls; and SQL statements) 

4 57% 

 

One semester test was written and contributes 30% towards the PM. The average score 

for the semester test is given in Table 7.18. 
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Table 7.18: Class average for semester test (AR cycle 3) 

Unit of work 
Semester 

Test 

Average 
score for 
semester 

test 

SU 1: Introduction to programming and user interfaces and Visual C# 

SU 2: Human computer interaction (HCI) (theory relating to HCI 

principles) 

SU 4: Making decisions (if, if-else; nested decision statement; 

understand equality; relational and logical operators with conditional 

expressions with bool values; switch statements; radio buttons; and list 

boxes) 

SU 3: Processing data (reading input with textbox controls; understand 

variables; perform calculations; format numeric output; exception 

handling; named constants; declaring fields; Math class; fine-tuning the 

GUI; and using the debugger) 

SU 4: Making decisions (if, if-else; nested decision statement; 

understand equality; relational and logical operators with conditional 

expressions with bool values; switch statements; radio buttons; and list 

boxes) 

SU 5: Loops, files and random numbers (while loops, ++ and – operators; 

for loops; do-while loops; use files for storage; use OpenFileDialog and 

SaveFileDialog controls; and random numbers and load event handler) 

SU 6: Modularising with methods (void methods; passing arguments by 

value and reference; value and non-value returning methods; and debug 

methods) 

1 51% 

 

In terms of SI, seven sessions were planned and five sessions were actually held. Of the 

121 students, 49 students attended SI on different occasions and 19 students attended SI 

more than once. 

The final course grades are given in Table 7.19, including the average grades for the PM, 

examination 1 and 2, and the final course grade. The percentage of students who passed 

is also indicated. 
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Table 7.19: UIP 1 course results (AR cycle 3) 

Grade Average grade Students passed 

PM 57% 89% 

Examination 1 58% 82% 

Examination 2 41% 17% 

Final course grade 58% 73% 

 

Success is measured by satisfaction, engagement and performance. The current 

lecturer’s perception within UIP 1 is listed in terms of the following items: 

• The participation rate for the completion of concept quizzes (IA3) is very high, as 

shown in Table 7.16, and the average grade is above 50%, which is good for quizzes 

that take place before any contact sessions on the study unit. This intervention was 

successful; 

• The class assistants (AI5) as an intervention were successful from the lecturer’s 

perspective. The assistance within each practical was efficient having enough 

assistants to assist a querying student within minutes. The assistants also helped with 

grading and feedback, which would have increased the workload tremendously if the 

lecturer had to complete it; 

• SI sessions (AI11) were successful as an intervention from the lecturer’s perspective. 

As discussed above, 19 students attended SI more than once; 

• The number of assessment opportunities (AI13) as an intervention is successful 

because it alleviates pressure. Students have the opportunity to not complete the last 

in-class activities or class tests if they feel that their marks are high enough. They can 

then spend time on other courses if necessary. Students also have an opportunity to 

miss a class, for example, due to illness, without having a great effect on their grades; 

• Theory sessions (AI18) were interactive and helped students to form mental models. 

From a lecturer’s perspective, it was successful; 
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• The chapter summaries made before each study unit in student notebooks (AI19) 

helped students to remember and internalise concepts and students were often seen 

with notebooks during the practical class. During unscheduled office visits, students 

mentioned that they started notebooks for other courses because it helps them to 

internalise content. Chapter summaries in notebooks are therefore successful; 

• Creation of tutorial videos (AI20) was dreaded by students in the beginning because 

of insecurities about talking and knowing that other students will watch the video. From 

a lecturer’s perspective, it was a successful intervention because students internalised 

the content and confidence increased within the social interaction; 

• The peer/individual worksheets (AI21) improved social interaction in class and 

students were more engaged in discussions about the content with one another as 

well as with the lecturer. It also helped to scaffold concepts and is therefore seen as 

successful according to the lecturer; 

• Kahoot! games (AI22) played in class improved engagement in class. Students were 

very excited to play the quiz at the end of a theory session. Reflection was also 

possible during Kahoot! games to address any misconceptions after each question. 

This intervention was successful; 

• The structure of the practical session (AI23) worked well. The lecturer had more time 

to engage individually with students, correcting non-viable mental models. The 

students were self-directed and worked actively throughout the session. This 

intervention was successful; 

• Graded activities (AI23) seemed to have had a positive effect on participation rates, 

with most participation rates being high. Feedback provided (AI24) was often queried 

when students did not agree or understand, which triggered further explanations of 

concepts where needed. Both the feedback and the graded activities were successful 

interventions. 
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• The checklist (AI27) at the end of each study unit’s lessons subpage was not 

completed as hoped. No incentive was attached to this activity. The responses were 

helpful for the lecturer to reflect on students’ understanding and to intervene where 

necessary. This intervention’s success is uncertain; 

• The feedback (AI28) received from the class assistants on Google Forms about each 

in-class activity was very helpful, directing the SI sessions as well as additional 

explanations in the following contact sessions. This was a successful intervention; 

• Handwritten class tests (AI29) were not always enjoyed by participants. The lecturer 

perceived this intervention as successful because students had to study harder 

because they could not rely on the compiler to point errors out. Handwritten tests are 

considered a successful intervention; 

• No homework was given (AI30), rather in-class activities. From the lecturer’s 

perspective, this improved lecturer engagement since practical sessions were purely 

working sessions. Participation rates for activities were satisfactory. Therefore, this 

was a successful intervention; 

• Incentives (AI31) motivated participants to complete activities within the course. 

Participation for notebooks was 78% and participation for in-class activities and 

quizzes was also high. This was a successful intervention; 

• The tutorial video feedback (AI32) to group members was supposed to happen within 

the group. No incentive was attached to this activity and the feedback was not captured 

anywhere. From the lecturer’s perspective, this intervention is uncertain with a lack of 

evidence. 

The success of interventions from the lecturer’s perspective is given in Table 7.20. 
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Table 7.20: Students’ perceptions of success of actual interventions used for 

AR cycle 3 

 

Table 7.21 shows conclusions that are reached through the analysis of the lecturer’s 

perspective based on the PSLE instructional approach followed.  

Actual intervention Success 

AI3: Concept quiz before study unit Yes 

AI5: Class assistants assist within the practical class to correct non-viable 

mental models 
Yes 

AI11: SI Yes 

AI13: More assessment opportunities Yes 

AI18: Theory session Yes 

AI19: Chapter summaries in notebook Yes 

AI20: Create tutorial videos Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI24: Graded in-class activities Yes 

AI25: Feedback to students about misconception (AI24) Yes 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

AI27: Student reflection on outcomes (Checklist tool in eFundiTM) Yes 

AI28: Handwritten class tests Yes 

AI29: Prescribe new textbook Yes 

AI30: Homework moves to in-class activities Yes 

AI31: Incentives  Yes 

AI32: Feedback within group for video Unsure 
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Table 7.21: Students’ perceptions of success of actual interventions used for 

AR cycle 3 within the PSLE 

PSLE aspect Success 

Authentic problems 

AI13: More assessment opportunities Yes 

Information processing 

AI3: Concept quiz before study unit Yes 

AI5: Class assistants assist within the practical class to correct non-viable mental 

models 
Yes 

AI11: SI Yes 

AI13: More assessment opportunities Yes 

AI19: Chapter summaries in notebook Yes 

AI20: Create tutorial videos Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI24: Graded in-class activities Yes 

AI28: Handwritten class tests Yes 

AI29: Prescribe new textbook Yes 

AI30: Homework moves to in-class activities Yes 

AI31: Incentives  Yes 

Scaffolding 

AI18: Theory session Yes 

Reflection 

AI25: Feedback to students about misconceptions (AI24) Yes 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

AI27: Student reflection on outcomes (Checklist tool in eFundiTM) Yes 

AI32: Feedback within group for video Unsure 
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The analysis and findings presented from the lecturer’s perspective are used in the next 

section in combination with the findings from the students’ perspectives to conclude the 

findings for AR cycle 3.  

All learning is specified next in terms of the evaluation done. 

7.6 Specify learning 

From a critical systems perspective, sweeping in (Ulrich) any relevant information about 

the problematical situation of learning to program in order to understand as many 

conditioned views as possible is used to specify learning in this section. In order to move 

closer towards the totality of conditions, the polemical views of the students are presented 

in the analysis of formal interviews (§ 7.5.3) and the lecturer’s perspective (§ 7.5.4) with 

consideration of student performance and participation is represented. This section 

concludes with guidelines to improve the programming skills of students using a critical 

systems approach. 

Success is measured by satisfaction, engagement and performance. The overall 

successes of actual interventions used for this study during cycle 3 are presented in Table 

7.22, which consolidates the students’ perspectives (Table 7.13) and the lecturer’s 

perspective (Table 7.20) on the success of actual interventions. An intervention’s overall 

success is determined as follows: 

• Yes and Yes = Yes; 

• Yes and No = Unsure; 

• No and No = No; 

• Unsure and No = No; 

• Unsure and Yes = Unsure. 
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Table 7.22: Actual interventions for AR cycle 3 from action planning 

Actual intervention 
Student 

on 
success 

Lecturer 
on 

success 

Overall 
success 

Introduced 
in cycle? 

AI3: Concept quiz before study unit Yes Yes Yes C1 

AI5: Class assistants assist within the 

practical class to correct non-viable 

mental models 

Yes Yes Yes C1 

AI11: SI Yes Yes Yes C2 

AI13: More assessment opportunities Yes Yes Yes C2 

AI18: Theory session Yes Yes Yes C3 

AI19: Chapter summaries in notebook Yes Yes Yes C3 

AI20: Create tutorial videos Yes Yes Yes C3 

AI21: Peer/individual worksheets Yes Yes Yes C3 

AI22: Quiz game in class (Kahoot!) Yes Yes Yes C3 

AI23: Student-led practical sessions Yes Yes Yes C3 

AI24: Graded in-class activities Yes Yes Yes C3 

AI25: Feedback to students about 

misconception (AI24) 
Yes Yes Yes C3 

AI26: Feedback to lecturer about 

misconceptions (AI24) 
N/A Yes Yes C3 

AI27: Student reflection on outcomes 

(Checklist tool in eFundiTM) 
No Yes Unsure C3 

AI28: Handwritten class tests Yes Yes Yes C3 

AI29: Prescribe new textbook Yes Yes Yes C3 

AI30: Homework moves to in-class 

activities 
Yes Yes Yes C3 

AI31: Incentives  Yes Yes Yes C3 

AI32: Feedback within group for video No Unsure No C3 

 

The complete intervention table for cycle 1, cycle 2 and cycle 3 is provided in Table 7.23. 
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Table 7.23: Actual interventions for AR cycles 1, 2 and 3 from action planning 

Actual intervention Link to PI (§ 4.4.3.3) Success 
Introduced 
in cycle? 

AI1: Read a chapter before each 

study unit 
PI3: Prepare before class No C1 

AI2: Watch tutorial videos PI2: Tutorial videos No C1 

AI3: Concept quiz before study unit 

PI1: Formative 

assessments  

PI3: Prepare before class 

 

Yes C1 

AI4: Lecturer completes an example 

with class 
N/A Unsure C1 

AI5: Class assistants assists within 

the practical class to correct non-

viable mental models 

PI5: Peer-assisted 

learning PI6: Pair 

programming 

Yes C1 

AI6: Provide suggested solution to 

example (AI4) 

PI1: Formative 

assessments 
Unsure C1 

AI7: Provide ungraded suggested 

solution for in-class activity 

PI1: Formative 

assessments 
Unsure C1 

AI8: Provide ungraded suggested 

solution for homework activity 

PI1: Formative 

assessments 
Unsure C1 

AI9: Provide graded suggested 

solutions and feedback for 

assignments 

PI1: Formative 

assessments 
Unsure C1 

AI10: Additional contact session N/A Unsure C2 

AI11: SI 
PI5: Peer assisted 

learning 
Yes C2 

AI12: Lecturer “how-to” notes 
Inspired by PI4: Cheat 

sheets 
Yes C2 

AI13: More assessment opportunities 
PI1: Formative 

assessments 
Yes C2 

AI14: Cheat sheets PI4: Cheat sheets No C2 

AI15: Request to lecture UIP 1 N/A Yes C2 

AI16: Intervention talk N/A Yes C2 

AI17: Count textbooks N/A Yes C2 

AI18: Theory session N/A Yes C3 
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Table 7.23: Actual interventions for cycle 1, cycle 2 and cycle 3 from action 

  planning (continued) 

Actual intervention Link to PI (§ 4.4.3.3) Success 
Introduced 
in cycle? 

AI19: Chapter summaries in 

notebook 

PI3: Prepare before class 

PI4: Cheat sheets 

Yes C3 

AI20: Create tutorial videos PI2: Tutorial videos Yes C3 

AI21: Peer/individual worksheets PI5: Peer-assisted 

learning  

Inspired by PI6: Pair 

programming 

Yes C3 

AI22: Quiz game in class (Kahoot!) 
PI1: Formative 

assessments 
Yes C3 

AI23: Student-led practical sessions N/A Yes C3 

AI24: Graded in-class activities 
PI1: Formative 

assessments 
Yes C3 

AI25: Feedback to students about 

misconception (AI24) 

PI1: Formative 

assessments 
Yes C3 

AI26: Feedback to lecturer about 

misconceptions (AI24) 

PI1: Formative 

assessments 
Yes C3 

AI27: Student reflection on outcomes 

(Checklist tool in eFundiTM) 

PI1: Formative 

assessments 
Unsure C3 

AI28: Handwritten class tests 
PI1: Formative 

assessments 
Yes C3 

AI29: Prescribe new textbook N/A Yes C3 

AI30: Homework moves to in-class 

activities 

PI1: Formative 

assessments 
Yes C3 

AI31: Incentives  N/A Yes C3 

AI32: Feedback within group for 

video 

PI1: Formative 

assessments  

PI2: Tutorial videos 

No C3 

 

Overall, feedback within the tutorial video groups (AI32) was not successful, and students 

mention that they do not really prefer group work (code 26), because of disagreements 

(code 25). Students enjoyed peer worksheets (AI21) and it was a successful intervention; 

therefore, a conclusion is reached that the guideline, C1GL6: Social interaction, is not 
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necessarily the problem. The peer worksheets are completed by two students and the 

tutorial video groups consisted of members between four and six. The problem might be 

the group dynamics between that number of students. It is therefore suggested that groups 

should consist of two members, which will support the future prospect of implementing 

peer-programming activities (PI6).  

The success of student reflection using the Checklist tool in eFundi
TM

 is uncertain because 

students did not use it often. There was no incentive to completing the checklist. The 

lecturer did perceive the tool as useful even though not all students completed it. 

Overall, the PSLE-based instructional design is seen as a success with most interventions 

confirmed as successful in Table 7.22 from the student’s polemical- and the lecturer’s 

rational perspectives. The negative codes listed for the instructional design (Table 7.14) 

represent the polemical view of a student who did not pass because of a lack of effort 

(code 33) and giving up (code 34).  

Learning from the current cycle is specified in terms of guidelines for improving 

programming skills of students using a critical systems approach. From a critical systems 

perspective, reflecting on the success of interventions, a gap is present in the current 

guidelines in terms of reflective activities. Current interventions that promote reflection 

because of the nature of the intervention include, AI25: Feedback to students about 

misconception (success – yes), AI26: Feedback to lecturer about misconceptions 

(success – yes), AI27: Student reflection on outcomes (Checklist tool in eFundi
TM

) 

(success – uncertain), and AI32: Feedback within group for video (success – no). A 

guideline including explicit reflection activities is therefore added, which is suitable since 

PSLE promotes reflection. The guideline is: Include activities promoting explicit reflection 

on current mental constructions. 

The guidelines will be adapted in Table 7.24, indicating new guidelines in bold according 

to the findings in this chapter. 
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Table 7.24: Guidelines to improve the programming skills of students using a 

critical systems approach (AR cycle 3) 

 

The purpose of this cycle was to close the gap between the instructional approach as well 

as knowledge between UIP 1 and UIP 2 (Table 6.28). The lecturer presented the UIP 1 

course as part of the intervention for cycle 2 and presented UIP 2 again to test the 

Guideline 

reference 
Guideline 

C1GL1: Prior 

learning 

Prior learning must be in place, more specifically, existing viable mental 

models that can influence a student’s lack of engagement and 

seemingly lack of responsibility. 

C1GL2: Information 

processing 

Sufficient information processing activities should be included to 

promote problem-solving, viable mental model construction and 

abstraction. 

C1GL3: Scaffolding 
Attention should be given to scaffold the concepts presented to promote 

problem-solving, viable mental model construction and abstraction. 

C1GL4: Relevant 

study material 

Students must have the relevant study material in order to promote 

engagement, preparation and viable mental models and reduce the 

influence of natural language on misconceptions. 

C1GL5: Sufficient 

contact time 

Sufficient contact time is necessary to explain, scaffold and practise 

concepts. 

C1GL6: Social 

interaction 
Activities promoting social interaction have to be incorporated. 

C1GL7: External 

pressure 

Activities should be planned carefully since external pressure has a 

negative effect on students’ time management. 

C1GL8: Self-critical 

reflection 

Self-critical reflection by the lecturer on knowledge and instruction in 

order to improve instructional design. 

C2GL9: Lecturer 

engagement 
The lecturer should engage with students. 

C2GL10: Incentives 
Attach incentives such as marks or feedback to activities to encourage 

participation. 

C2GL11: 

Opportunity to 

discover content 

Create opportunities for students to explore the content of the course. 

C3GL12: Explicit 
reflection 

Include activities promoting explicit reflection on current mental 
constructions. 
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guidelines developed. Cycle 4 initiated with the guidelines developed to improve the 

programming skills of students using a critical systems approach. 

7.7 Summary 

This chapter introduced the third AR cycle and its link to the Kantian concept of reason. 

The diagnosis phase initiates with the guidelines from cycle 2 and suggested intervention 

requirements that are used to plan the intervention. The intervention is planned according 

to each guideline and intervention requirement considering possible interventions 

identified in Chapter 4. The action plan is further specified in terms of the preparation 

before participation, during participation, and reflection after contact sessions, including 

formative and summative assessments. 

The action plan is executed and the evaluation takes place in terms of striving towards the 

totality of conditioned realities through the representation of conditioned realities of the 

involved and affected students. Students’ performance and participation are provided and 

finally the lecturer’s perspective is presented. This chapter concludes with specifying 

learning in terms of successful interventions and guidelines to be followed in order to 

improve the programming skills of students using a critical systems approach. 
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CHAPTER 8: ACTION RESEARCH CYCLE 4 

8.1 Introduction 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective is used to build a frame of reference for students in order to 

develop the potential of the students and to develop an instructional design. In the 

previous cycle, the conditioned realities of students and the lecturer as well as the success 

of interventions were critically reflected upon. A list of difficulties identified in literature 

(Chapter 4) was extended and incorporated into guidelines (Chapter 5) to improve the 

programming skills of students. In this chapter, the fourth AR cycle, aiming to improve the 

programming skills of UIP 2 students, is presented. In the diagnosis phase of the current 

cycle, guidelines developed in cycle 3 are revisited and intervention requirements are 

provided for each guideline (§ 8.2). An intervention plan is formulated based on each 

guideline and intervention requirement given in the diagnosis (§ 8.3). A summary of 

interventions planned is provided; reflection in terms of the positioning of interventions 

within a PSLE (§ 4.3.4) is given; and an instructional approach is proposed. The 

intervention plan is executed in the action-taking phase (§ 8.4), followed by an evaluation 

of the success thereof. The conditioned realities of those involved and affected are 

analysed (§ 8.5) in order to suggest changes for the next iteration. Finally, learning is 

specified in terms of guidelines to improve the programming skills of students using 

computational thinking skills following the principles of a critical systems approach (§ 8.6).  

This AR cycle is summarised in Table 8.1, also indicating the link between the Kantian 

interest of reason (§ 3.3.7). The diagnosis phase, which is linked to the Kantian interest of 

reason, “What can I know?”, focuses on improving the programming skills of students by 

identifying possible difficulties that students might experience as discussed in literature 

(Chapter 4).  
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Table 8.1: Summary of the fourth AR cycle 

Phase Linked to Kantian 
interest of reason Action: UIP 2 

Diagnosis What can I know? Current guidelines to improve the programming 
skills of students 

Planning 
intervention What can I do? 

Plan intervention based on a computational 
thinking teaching approach (PSLE) – Chapter 4 

Take action Implement action plan 

Evaluation What can I hope? Learn from critical systems-inspired (Ulrich) 
interviews 

Specify learning  
Reflect on conditioned views based on critical 
systems-inspired (Ulrich) interviews by revising 
and adapting guidelines 

 

Planning the intervention and taking action are linked to the Kantian interest of reason, 

“What can I do?”, and therefore an intervention plan is formulated within a PSLE-inspired 

(§ 4.3.4) instructional approach that promotes computational thinking, and this plan is 

executed. The evaluation phase is linked to the Kantian interest of reason, “What can I 

hope?”, which uses CSH-inspired interviews to move towards the totality of conditioned 

realities. 

8.2 Diagnosis 

This cycle is a follow-up iteration based on UIP 2 after lecturing UIP 1 in order to address 

prior learning and adaption difficulties from UIP 1 to UIP 2. The students mentioned in 

Chapter 5 that it is difficult to adapt to instructional changes between UIP 1 and UIP 2 

(§ 5.6.4). This current cycle involves the same course as in cycle 1 and cycle 2. As a result 

of the analysis of the success of interventions used and various conditioned realities 

(students and lecturer), in an effort to strive towards the totality of conditions 

(Ulrich, 1983:225), Chapter 7 concluded with a list of guidelines to improve the 

programming skills of students using a critical systems approach (Table 8.2), which is 

based on difficulties experienced when learning to program. Requirements for 
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interventions to improve the programming skills of students are also listed in this table, 

which will guide the planning for actual interventions. Intervention requirements will inform 

the type of intervention selected to address each guideline.  

Table 8.2: Guidelines and intervention requirements to improve the 

programming skills of students using a critical systems approach 

(AR cycle 3) 

Guideline 
reference 

Guideline Intervention requirements 

C1GL1: Prior learning 

Prior learning must be in 
place, more specifically, 
existing viable mental models 
that can influence a student’s 
lack of engagement and 
seeming lack of responsibility. 

Revisit concepts needed to 
complete current courses, 
even if it includes concepts 
from previous courses. 

C1GL2: Information 
processing 

Sufficient information 
processing activities should 
be included to promote 
problem-solving, viable 
mental model construction 
and abstraction. 

Activities that promote 
reflection, problem-solving, 
viable mental model 
construction and abstraction 
within constructivist 
guidelines (Ben-Ari, 2001:68). 

C1GL3: Scaffolding 

Attention should be given to 
scaffold the concepts 
presented to promote 
problem-solving, viable 
mental model construction 
and abstraction. 

Activities that build viable 
mental models step-by-step 
through slow introduction of 
concepts. 

C1GL4: Relevant study 
material 

Students must have the 
relevant study material in 
order to promote 
engagement, preparation and 
viable mental models, and 
reduce the influence of 
natural language on 
misconceptions. 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

C1GL5: Sufficient contact 
time 

Sufficient contact time is 
necessary to explain, scaffold 
and practise concepts. 

Additional contact time is 
necessary to at least align the 
contact time on campuses. 
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Table 8.2: Guidelines and intervention requirements to improve the 

  programming skills of students using a critical systems approach 

  (AR cycle 3) (continued) 

Guideline 
reference 

Guideline Intervention requirements 

C1GL6: Social interaction 
Activities promoting social 
interaction have to be 
incorporated. 

Social interaction should have 
the goal of students working 
together to complete a task in 
order to allow the possibility 
that students can explain 
different concepts to one 
another, which is in a more 
comfortable setting than 
between lecturer and 
students, for instance. 

C1GL7: External pressure 

Activities should be planned 
carefully since external 
pressure has a negative 
effect on students’ time 
management. 

Activities should be planned 
so that contact time is used 
for students to have access to 
the lecturer to correct non-
viable mental models and 
activities should serve a 
purpose in terms of learning 
and grades. 

C1GL8: Self-critical reflection 

Self-critical reflection by the 
lecturer on knowledge and 
instruction in order to improve 
instructional design. 

Reflect on interventions and 
make necessary changes to 
improve the programming 
skills of students. 

C2GL9: Lecturer engagement The lecturer should engage 
with students. 

Lecturer should make a 
conscious effort to engage 
with students. 

C2GL10: Incentives 

Attach incentives such as 
marks or feedback to 
activities to encourage 
participation. 

Plan activities with purpose 
and attach incentives to each 
activity in order to encourage 
participation. 

C2GL11: Opportunity to 
discover content 

Create opportunities for 
students to explore the 
content of the course. 

Plan activities in such a way 
that students get the 
opportunity to discover 
content for themselves within 
an environment where 
misconceptions can be 
addressed. 

C3GL12: Explicit reflection 
Include activities promoting 
explicit reflection on current 
mental constructions. 

Plan explicit reflective 
activities for the reflection on 
current mental constructions. 
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The requirements for the interventions are based on the guidelines, and are used in the 

next section to plan the intervention. 

8.3 Planning intervention 

The intervention requirements listed in Table 8.2 are used to show how actual 

interventions used in cycle 2 (previous full iteration based on UIP 2) address the 

developed guidelines (Table 8.3). The intervention requirements, reference to the actual 

interventions used in cycle 2, description of the actual intervention, and the success of the 

intervention, as determined in cycle 2, are given in Table 8.3. 

Table 8.3: Intervention requirements mapped to interventions in AR cycle 2 

Intervention requirements Interventions used (cycle 2) Success  

Revisit concepts needed to complete 
current course, even if it includes 
concepts from previous courses. 

AI1: Read a chapter before each study unit Unsure 

AI2: Watch tutorial videos No 

AI3: Concept quiz before study unit Yes 

AI10: Additional contact session Unsure 

AI11: SI Yes 

AI15: Request to lecture UIP 1 Yes 

AI16: Intervention talk Yes 

Activities that promote problem-
solving, viable mental model 
construction and abstraction within 
constructivist guidelines (Ben-
Ari, 2001:68). 

AI3: Concept quiz before study unit Yes 

AI4: Lecturer completes an example with 
class Unsure 

AI5: Class assistants assist within the 
practical class to correct non-viable mental 
models 

Yes 

AI6: Provide suggested solution to example 
(C1AI4) Unsure 

AI7: Provide ungraded suggested solution for 
in-class activity Unsure 

AI8: Provide ungraded suggested solution for 
homework activity Unsure 
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Table 8.3: Intervention requirements mapped to interventions in AR cycle 2 

(continued) 

Intervention requirements Interventions used (cycle 2) Success  

Activities that promote problem-
solving, viable mental model 
construction and abstraction within 
constructivist guidelines (Ben-
Ari, 2001:68).  (continued) 

AI9: Provide graded suggested solutions and 
feedback for assignments Unsure 

AI10: Additional contact session Unsure 

AI11: SI Yes 

AI12: Lecturer “how to” notes Yes 

Activities that build viable mental 
models step-by-step through slow 
introduction of concepts. 

AI4: Lecturer completes an example with 
class Unsure 

AI10: Additional contact session Unsure 

AI11: SI Yes 

Prescribe suitable study material that 
suits the outcomes of the course. 

AI14: Cheat sheets  No 

AI17: Count the number of textbooks Yes 

Additional contact time is necessary 
to at least align the contact time on 
campuses. 

AI10: Additional contact session Unsure 

Social interaction should have the 
goal of students working together to 
complete a task in order to allow the 
possibility that students can explain 
different concepts to one another, 
which is in a more comfortable 
setting than between lecturer and 
students, for instance. 

AI10: Additional contact session Unsure 

AI11: SI Yes 

Activities should be planned so that 
contact time is used for students to 
have access to the lecturer to correct 
non-viable mental models and 
activities should serve a purpose in 
terms of learning and grades. 

AI10: Additional contact session Unsure 

AI11: SI Yes 

AI13: More assessment opportunities Yes 

Reflect on interventions and make 
necessary changes to improve the 
programming skills of students. 

Guidelines developed in Chapter 5, diagnosis (§ 6.2) and 
planning intervention (§ 6.3) in the current chapter 
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The summary of possible interventions suggested in Chapter 4 (§ 4.4.3.3) is revisited and 

will be considered when planning the intervention. The possible interventions are listed in 

Table 8.4. 

Table 8.4: Possible interventions for challenges faced by students when 

learning to program (abbreviated from Table 4.12 (§ 4.4.3.3)) 

Reference Addresses the following 
challenge (s) (Chapter 4) 

Promotes the following 
Computational thinking 

skills  

PI1: Formative assessments 

Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive load 
and natural language 

Decomposition, abstraction, 
algorithms, debugging, and 
iteration 

PI2: Tutorial videos 
Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive load 

Abstraction 

PI3: Prepare before class 
Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive load 

Decomposition, abstraction, 
algorithms, debugging and 
iteration 

PI4: Cheat sheets 
Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive load 

Decomposition, abstraction, 
algorithms, debugging and 
iteration 

PI5: Peer-assisted learning 

Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive 
load, environmental factors 
and natural language 

Decomposition, abstraction, 
algorithms, debugging, 
iteration and generalisation 

PI6: Pair programming 

Non-viable mental models, 
poor abstraction ability, task 
complexity and cognitive 
load, environmental factors 
and natural language 

Decomposition, abstraction, 
algorithms, debugging, 
iteration and generalisation 

 

The actual interventions used in cycle 1, cycle 2 and cycle 3 are given in Table 8.5 and 

will be considered when planning interventions. 
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Table 8.5: Actual interventions for cycle 1, cycle 2 and cycle 3 from action 

planning 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI1: Read a chapter before each 
study unit PI3: Prepare before class No C1 

AI2: Watch tutorial videos PI2: Tutorial videos No C1 

AI3: Concept quiz before study unit 
PI1: Formative 
assessments  
PI3: Prepare before class 

Yes C1 

AI4: Lecturer completes an example 
with class N/A Unsure C1 

AI5: Class assistants assists within 
the practical class to correct non-
viable mental models 

PI5: Peer assisted 
learning PI6: Pair 
programming 

Yes C1 

AI6: Provide suggested solution to 
example (AI4) 

PI1: Formative 
assessments Unsure C1 

AI7: Provide ungraded suggested 
solution for in-class activity 

PI1: Formative 
assessments Unsure C1 

AI8: Provide ungraded suggested 
solution for homework activity 

PI1: Formative 
assessments Unsure C1 

AI9: Provide graded suggested 
solutions and feedback for 
assignments 

PI1: Formative 
assessments Unsure C1 

AI10: Additional contact session N/A Unsure C2 

AI11: SI PI5: Peer assisted 
learning Yes C2 

AI12: Lecturer “how-to” notes Inspired by PI4: Cheat-
sheets Yes C2 

AI13: More assessment opportunities PI1: Formative 
assessments Yes C2 

AI14: Cheat sheets PI4: Cheat sheets No C2 

AI15: Request to lecture UIP 1 N/A Yes C2 

AI16: Intervention talk N/A Yes C2 

AI17: Count textbooks N/A Yes C2 
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Table 8.5: Actual interventions for cycle 1, cycle 2 and cycle 3 from action 

planning (continued) 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI18: Theory session N/A Yes C3 

AI19: Chapter summaries in 
notebook 

PI3: Prepare before class 
PI4: Cheat-sheets 

Yes C3 

AI20: Create tutorial videos PI2: Tutorial videos Yes C3 

AI21: Peer/individual worksheets 

PI5: Peer-assisted 
learning  
Inspired by PI6: Pair 
programming 

Yes C3 

AI22: Quiz game in class (Kahoot!) PI1: Formative 
assessments Yes C3 

AI23: Student-led practical sessions N/A Yes C3 

AI24: Graded in-class activities PI1: Formative 
assessments Yes C3 

AI25: Feedback to students about 
misconception (AI24) 

PI1: Formative 
assessments Yes C3 

AI26: Feedback to lecturer about 
misconceptions (AI24) 

PI1: Formative 
assessments Yes C3 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 

PI1: Formative 
assessments Unsure C3 

AI28: Handwritten class tests PI1: Formative 
assessments Yes C3 

AI29: Prescribe new textbook N/A Yes C3 

AI30: Homework moves to in-class 
activities 

PI1: Formative 
assessments Yes C3 

AI31: Incentives  N/A Yes C3 

AI32: Feedback within group for 
video 

PI1: Formative 
assessments  
PI2: Tutorial videos 

No C3 

 

All interventions are planned keeping guideline G1GL7 specifically in mind because of the 

heavy workload in a student’s second year of study. Activities outside the classroom are 

kept to a minimum, only focusing on preparation. The following sections address each 
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guideline (C1GL1-C3GL12) as developed in cycle 3, and suggestions are made for 

interventions within the original theoretical framework repeated in Table 8.4. The headings 

are shortened for readability, but the full guideline is provided in each section. 

8.3.1 C1GL1: Prior learning must be in place 

The full guideline is: Prior learning must be in place, more specifically, existing viable 

mental models that can influence a student’s lack of engagement and seeming lack of 

responsibility. 

The intervention requirements for C1GL1 include: Revisit concepts needed to complete 

current course, even if it includes concepts from previous courses. 

In cycle 2, interventions that relate to this guideline and the success thereof included 

(Table 8.3): 

• Reading a chapter before each study unit (success – no); 

• Watching a tutorial video before each study unit (success – no);  

• Completing a concept quiz before class (success – yes); 

• SI sessions (success – yes); 

• Additional contact session (success – unsure); 

• Intervention talk (success – yes);  

• Request to lecture UIP 1 (success – yes); and 

Additional interventions not listed above that were used in cycle 3 include: 

• Request additional theory session (success – yes). 

Unsuccessful interventions will not be used. Due to external pressures (C1GL7), a concept 

quiz before class will not be kept despite its success as an intervention. Activities are 
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planned so that students have fewer activities outside the classroom, thereby alleviating 

pressure. An intervention talk is not necessary and UIP 1 has been lectured in cycle 3. 

The following interventions will be used in this cycle: 

• SI sessions; and 

• Request additional theory session. 

An additional theory session will be requested before classes commence so that the 

additional session is scheduled from the start as a compulsory session. This is also done 

in order to align with the other campus. The structure of the additional theory session is 

similar to cycle 3. 

8.3.2 C1GL2: Sufficient information processing activities 

The full guideline is: Sufficient information processing activities should be included to 

promote problem-solving, viable mental model construction and abstraction. 

The intervention requirements for C1GL2 include: Activities that promote reflection, 

problem-solving, viable mental model construction and abstraction within constructivist 

guidelines (Ben-Ari, 2001:68).  

In cycle 2, interventions that relate to this guideline and the success thereof included 

(Table 8.3): 

• Complete a concept quiz before each study unit (success – yes); 

• Lecturer completes an example with the class (success – unsure); 

• Class assistants assist within the practical class to correct non-viable mental models 

(success – yes); 

• Provide suggested solution to example (success – no); 

• Provide ungraded suggested solution for in-class activity (success – no); 
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• Provide ungraded suggested solution for homework activity (success – no);  

• Provide graded suggested solutions and feedback to assignments (success – yes). 

• Additional contact session (success – unsure); 

• SI sessions (success – yes); and 

• Lecturer “how to” notes (success – yes). 

Additional interventions not listed above that were used in cycle 3 include: 

• Chapter summaries in notebook (success – yes); 

• Create tutorial videos (success – yes); 

• Peer/individual worksheets (success – yes); 

• Quiz game in class (Kahoot!) (success – yes); 

• Student-led practical sessions (success – yes); 

• Graded in-class activities (success – yes); 

• Feedback to students about misconceptions (AI24) (success – yes); 

• Feedback to lecturer about misconceptions (AI24) (success – yes); 

• Student reflection on outcomes (Checklist tool in eFundiTM) (success – unsure); 

• Handwritten class tests (success – yes); and  

• Feedback within group for video (success – no). 

Unsuccessful interventions will not be used. As explained in the previous guideline, 

concept quizzes will not be used. The following interventions will be used in this cycle: 
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• Class assistants assist within the practical class to correct non-viable mental models; 

• SI sessions; 

• Chapter summaries in notebook; 

• Peer/individual worksheets; 

• Quiz game in class (Kahoot!); 

• Student-led practical sessions; 

• Graded in-class activities; 

• Feedback to students about misconceptions (AI24); 

• Feedback to lecturer about misconceptions (AI24); and 

• Handwritten class tests. 

The chapter summaries in the notebook will be optional in UIP2. The students in UIP 2 

currently had to do compulsory chapter summaries in the previous cycle in UIP 1. The 

students have an option to continue with the chapter summaries in a notebook with an 

incentive, as Gannod et al. (2008:785) suggests, to have the marks awarded for the 

notebook count as an additional handwritten test. For example, if a student chooses not 

to do a notebook, two out of three handwritten class tests will count towards their 

participation. If a student chooses to complete chapter summaries, three out of four class 

tests will count, of which one represents the mark received for the notebook. 

In addition, a reflection activity will be added for students to complete after each practical 

in-class activity. This is discussed next. 
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8.3.2.1 Explicit student reflection on current mental constructions 

Reflection activities are added after each practical class activity to be completed by the 

student. The thought process behind this activity is to equip the student with tools or 

questions to identify misconceptions. eFundiTM’s Tests and Quizzes tool is used to set up 

five questions for the student to answer before submitting the assignment. These 

questions will be worked through by the lecturer and assistants to address difficulties in 

the following session. The questions/statements include: 

• “I can describe my initial reaction when receiving the activity as:” 

• “Which programming concepts did I apply that I already knew?” 

• “Which concepts did I learn that was new for me today?” 

• “I struggled most with:” 

• “I enjoyed the following:” 

This also forms part of C3GL12. 

8.3.3 C1GL3: Scaffolding concepts 

The full guideline is: Attention should be given to scaffold the concepts presented to 

promote problem-solving, viable mental model construction and abstraction. 

The intervention requirements for C1GL3 include: Activities that build viable mental 

models step-by-step through the slow introduction of concepts. 

In cycle 2, interventions that relate to this guideline and the success thereof included: 

• The lecturer to complete an example with the class (success – unsure). 

• SI sessions (success – yes); and 

• Additional contact session (success – unsure). 
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Additional interventions not listed above that were used in cycle 3 include: 

• Requested theory session (success – yes); 

• Peer/individual worksheets (success – yes); and 

• Student-led practical class (success – yes).  

The following interventions will be used for cycle 4: 

• SI sessions; 

• Requested theory session; 

• Peer/individual worksheets (success – yes); and 

• Student-led practical class (success – yes). 

The structure of the practical class will change similar to cycle 3. The practical class 

becomes a session where students complete in-class activities that are graded at their 

own pace. The lecturer and assistants will assist and engage with students during the 

practical session. 

8.3.4 C1GL4: Relevant study material 

The full guideline is: Students must have the relevant study material in order to promote 

engagement, preparation and viable mental models and to reduce the influence of natural 

language on misconceptions. 

The intervention requirements for C1GL4 include: Prescribe suitable study material that 

suits the outcomes of the course. 

In cycle 3, a new textbook was prescribed for UIP 1, which is also used for UIP 2. Some 

course content changed during this study, and some of the content is not in the current 

prescribed textbook. This was known when the textbook was prescribed. The lecturers on 

both campuses could not find a textbook for both UIP 1 and UIP 2 that contains all content. 
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Half of the content for UIP 2 is in the textbook and is relevant. Additional study material 

will be compiled, with sufficient explanations and examples, before the semester 

commences for the study units that are not covered by the textbook. 

8.3.5 C1GL5: Sufficient contact time 

The full guideline is: Sufficient contact time is necessary to explain, scaffold and practise 

concepts. 

The intervention requirements for C1GL5 include: Additional contact time is necessary to 

at least align the contact time on campuses. 

The requested theory session is planned in an attempt to align the contact time on the 

campuses and to provide enough time to deal with misconceptions, explain and practise 

concepts.  

8.3.6 C1GL6: Social interaction 

The full guideline is: Activities promoting social interaction have to be incorporated. 

The intervention requirements for C1GL6 include: Social interaction should have the goal 

of students working together to complete a task in order to allow the possibility that 

students can explain different concepts to one another, which is in a more comfortable 

setting than between lecturer and students. 

In cycle 2, the following interventions were used to promote social interaction: 

• SI sessions (success – yes); and 

• Additional contact session (success – unsure). 

SI sessions were used to promote social interaction because it allows students to talk to 

peers within the SI session and the SI leader. The additional contact session was more 

informal, specifically focusing on students’ needs and revisiting concepts as many times 

as needed. 
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In cycle 3, peer worksheets (success – yes) were introduced with SI sessions to promote 

social interaction. For this cycle, the following interventions will be used: 

• SI sessions; 

• peer/individual worksheets; and 

• a group project. 

Details regarding the group project is discussed next. 

8.3.6.1 Group project 

This intervention is inspired by peer-assisted learning (PI5: Peer-assisted learning) and 

peer programming (PI6: Pair programming) with the aim that students learn from one 

another as was the case with peer worksheets (§ 7.6). A group project for the websites 

part of the course will be given as formative assessment. Two students will work together, 

since students prefer not to work in groups because of disagreements, and it was 

suggested that group work should be conducted in groups of two (§ 7.6). This assessment 

is aligned with the other campus and the lecturer on the other campus set up the project 

scope and rubric. The project’s instructions will be as follows : 

UIP 2-PROJECT 
In the future, you may be involved in industry working on a specific project, so you get 
the opportunity to apply your knowledge in UIP 2 in an ASP.NET project. TWO students 
work together in a group. The purpose of the project is to give you the opportunity to 
acquire additional information in order to develop a new artefact outside of formal class 
time. The project consists of 1) a time schedule of the project, 2) a computer program, 
and 3) a user manual that includes the operation of the program. 
1. Time schedule (Each group’s members hand in ONE on eFundi – deadline will be 
communicated) 
Complete the time schedule (See eFundi, Resources) and submit on e-Fundi at 
Assignments. Marks are awarded for the time schedule. 
2. Computer program (Each group submits ONE program. Save a copy on CD as well) 
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• Decide on the subject of the project with your group partner. 

• Create an ASP.NET Web site. 

• Use C# programming. 

• Include different controls. 

• Make use of a style sheet (.css). 

• Use different validation controls. 

• Use at least 2 web pages in your webpage. 

• Use cookies and session objects. 

• Include a database (with at least 10 records and 4 or more fields). 

• The program should be able to search, display, update data and perform any 4 

different queries. 

• Write user-friendly programs and use exceptions where applicable. 

3. Manual (Each group submits a manual in hard copy. Also, submit your manual on 
eFundi!) 
-1) Project title. Names of two students who worked together (initials, surname, student 
number) 
-2) Table of contents. 
-3) Introduction: Briefly state the purpose of the program. 
-4) Program: Describe the functionality of the program. Include the program code, 
screen prints of each form as well as the database. 
-5) Give a brief discussion on how your group experienced the project. Refer to 
problems, frustrations, solutions as well as advantages and disadvantages of writing 
the project. 

UIP 2 MARKING RUBRIC 2019 

Group number                     ___________ 

Member 1: ______________________________               Student number ______________________ 

Member 2:_____________________________               Student number ______________________ 

  

1. PROJECT DOCUMENTS 
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    Mark Comments 

1. TIME SCHEDULE (details and completeness) 5     

2. PROJECT MANUAL       

1.Table of contents 2     

2.Introduction and aim of program 3     

4. Program snap shots and print screens of all forms, queries, updates as 
well as the database 12     

5. Group reflection and experiences regarding problems, frustrations, 
solutions, advantages and disadvantages of the project 3     

3. SOFTWARE PROJECT     

1. Graphical interface: controls, forms, style sheet, user friendliness 15    

2. Creation of database (10 records, 4 or more fields) 5     

3. Program execution: Validation, database functions, cookies & sessions 23     

4. WOW factor (new content, innovative) 25     

5. Submission of a) C# project and b) Manual on eFundiTM 2     

4. GROUP ASSESSMENT AND CONTRIBUTION *(0,1,3,5)                                 
(Max 5) 5     

1. Surname and initials       

2. Surname and initials       

        

PROJECT TOTAL 100     
 

 

8.3.7 C1GL7: Consider external pressures 

The full guideline is: Activities should be planned carefully since external pressure has a 

negative effect on students’ time management. 

The intervention requirements for C1GL7 include: Activities should be planned so that 

contact time is used for students to have access to the lecturer to correct non-viable mental 

models, and activities should serve a purpose in terms of learning and grades. 
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In cycle 2, more assessment opportunities (success – yes) were used to alleviate 

pressure. In cycle 3, the following interventions were used: 

• Requested theory session (success – yes); 

• Move homework activities to class (success – yes); 

During this cycle, all of the above interventions will be used. 

8.3.8 C1GL8: Self-critical reflection by the lecturer 

The full guideline is: Self-critical reflection by the lecturer on knowledge and instruction in 

order to improve instructional design. 

The intervention requirements for C1GL8 include: Reflect on interventions and make 

necessary changes to improve the programming skills of students. 

The lecturer listens to the affected students, reflects critically (cycle 1, cycle 2, cycle 3) 

and makes adaptions to the instructional approach (plan intervention) in order to improve 

the programming skills of students using a critical systems approach. 

8.3.9 C2GL9: The lecturer should engage with students. 

The full guideline is: The lecturer should engage with students. 

The intervention requirements for C2GL9 include: Lecturer should make a conscious effort 

to engage with students. 

The student-led practical class allows for more lecturer engagement. In addition, the 

lecturer reflects on the current position of students regarding viable mental models with 

the assistance of student assistants who will mark all activities and provide feedback per 

activity with Google Forms as in cycle 3. An activity for all UIP 1 students will be marked 

by one assistant who will provide feedback on five aspects that the students did well, and 

five aspects that the students did not do well. The lecturer will use this to address non-

viable mental models in the following theory session or practical session. 
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8.3.10 C2GL10: Attach incentives to activities 

The full guideline is: Attach incentives such as marks or feedback to activities to encourage 

participation. 

The intervention requirements for C2GL10 include: Plan activities with purpose and attach 

incentives to each activity in order to encourage participation. 

Most activities have incentives in the form of marks attached. The incentives for this cycle 

include: 

• Chapter summaries can count as an additional handwritten class test. Without a 

notebook, two out of three handwritten class tests will count towards their PM. If a 

student chooses to complete chapter summaries, three out of four class tests will 

count, of which one represents the mark received for the notebook. Handwritten class 

tests contribute 30% towards a student’s PM; 

• The best 80% of the practical in-class activities contributes 80% towards the 25% for 

practical- and reflective activities. The best 50% of reflection activities contribute the 

remaining 20% towards the 25% for practical- and reflective activities; 

• The web project contributes 25% towards a student’s PM;  

Incentives are said to encourage participation, according to Gannod et al. (2008:785). 

8.3.11 C2GL11: Students to explore the content of the course 

The full guideline is: Create opportunities for students to explore the content of the course. 

The intervention requirements for C2GL11 include: Plan activities in such a way that 

students get the opportunity to discover content for themselves within an environment 

where misconceptions can be addressed. 

The instructional design of this course is designed to allow students to discover content 

for themselves. Interventions used in cycle 3 include: 
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• Preparation activities which allows students to discover content for themselves 

(chapter summaries in notebooks) (success – yes); 

• Lecturer stepping in to correct non-viable mental models (theory (worksheets, Kahoot!) 

and practical session (lecturer engagement)) (success – yes); 

• Practice concepts on their own with assistance available when needed (practical 

sessions) (success – yes); and 

• Reflection to determine their own shortcomings in knowledge (checklist) (success – 

unsure). 

For this cycle, a similar approach is followed, but the reflection activity changes to a 

reflection activity where students need to answer questions and submit answers after each 

in-class activity (§ 8.3.2.1).  

8.3.12 C3GL12: Explicit reflection 

The full guideline is: Include activities promoting explicit reflection on current mental 

constructions. 

The intervention requirements for C3GL12 include: Plan explicit reflective activities for the 

reflection on current mental constructions. 

The reflection activity planned forms part of this guideline (§ 8.3.2.1) and lecturer and 

student assistant reflection is used to determine the current understanding of students 

when assistants send feedback to the lecturer. 

The interventions are summarised in the next section. 

8.3.13 Summary of interventions planned 

In summary, the interventions used for the current cycle are listed in Table 8.6. Where 

possible, a link to the possible interventions is provided. 
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Table 8.6: Summary of actual interventions for AR cycle 4 

 

The following table (Table 8.7) shows interventions, which address the intervention 

requirements (Table 8.2) from cycle 2, which will not be used anymore (strikethrough). 

New interventions either initiated in cycle 3 or in the current cycle are also shown. The 

success of interventions initiated in the current cycle has not yet been investigated; 

therefore, the success is indicated with ‘TBI’, short for to be investigated. 

Actual interventions Link to PI (Table 8.4) 

AI5: Class assistants assists within the practical class to 
correct non-viable mental models 

PI5: Peer-assisted learning 
PI6: Pair programming 

AI11: SI PI5: Peer-assisted learning 

AI13: More assessment opportunities PI1: Formative assessments 

AI18: Theory session N/A 

AI19: Chapter summaries in notebook 
PI3: Prepare before class 
PI4: Cheat-sheets 

AI21: Peer/individual worksheets PI5: Peer-assisted learning 
PI6: Pair programming 

AI22: Quiz game in class (Kahoot!) PI1: Formative assessments 

AI23: Student-led practical sessions N/A 

AI24: Graded in-class activities PI1: Formative assessments 

AI25: Feedback to students about misconceptions (AI24) PI1: Formative assessments 

AI26: Feedback to lecturer about misconceptions (AI24) PI1: Formative assessments 

AI28: Handwritten class tests PI1: Formative assessments 

AI29: Prescribe new textbook N/A 

AI30: Homework moves to in-class activities PI1: Formative assessments 

AI31: Incentives  N/A 

AI33: Explicit reflection after each activity PI1: Formative assessments 

AI34: Develop study material N/A 

AI35: Group project (two members) 
PI5: Peer-assisted learning 
PI6: Pair programming 
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Table 8.7: Mapping of interventions for AR cycle 2 and AR cycle 4 to 

intervention requirements 

Intervention 
requirements 

Interventions used for cycle 4, cycle 2 interventions 
that’s no longer used are indicated in strikethrough  

Success  

Revisit concepts needed 
to complete current 
course, even if it includes 
concepts from previous 
courses. 

AI1: Read a chapter before each study unit Unsure 

AI2: Watch tutorial videos No 

AI3: Concept quiz before study unit Yes 

AI10: Additional contact session. Unsure 

AI11: SI. Yes 

AI15: Request to lecture UIP 1. Yes 

AI16: Intervention talk. Yes 

AI18: Theory session. Yes 

Activities that promote 
problem-solving, viable 
mental model 
construction and 
abstraction within 
constructivist guidelines 
(Ben-Ari, 2001:86).  

AI3: Concept quiz before study unit Yes 

AI4: Lecturer completes an example with class Unsure 

AI5: Class assistants assist within the practical class to 
correct non-viable mental models Yes 

AI6: Provide suggested solution to example (C1AI4) Unsure 

AI7: Provide ungraded suggested solution for in-class 
activity Unsure 

AI8: Provide ungraded suggested solution for homework 
activity Unsure 

AI9: Provide graded suggested solutions and feedback 
for assignments Unsure 

AI10: Additional contact session. Unsure 

AI11: SI. Yes 

AI12: Lecturer “how to” notes. Yes 

AI19: Chapter summaries in notebook Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI24: Graded in-class activities Yes 

AI25: Feedback to students about misconceptions (AI24) Yes 
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Table 8.7: Mapping of interventions for AR cycle 2 and AR cycle 4 to 

intervention requirements (continued) 

 

  

Intervention 
requirements 

Interventions used for cycle 4, cycle 2 interventions 
that’s no longer used are indicated in strikethrough  

Success  

Activities that promote 
problem-solving, viable 
mental model 
construction and 
abstraction within 
constructivist guidelines 
(Ben-Ari, 2001:86). . 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

AI28: Handwritten class tests Yes 

AI33: Explicit reflection after each activity TBI 

Activities that build viable 
mental models step-by-
step through slow 
introduction of concepts. 

AI4: Lecturer completes an example with class Unsure 

AI10: Additional contact session. Unsure 

AI11: SI Yes 

AI18: Theory session  Yes 

AI21: Peer/individual worksheets Yes 

AI23: Student-led practical sessions Yes 

Prescribe suitable study 
material that suits the 
outcomes of the course. 

AI14: Cheat-sheets. No 

AI16: Count number of textbooks. Yes 

AI29: Prescribe new textbook Yes 

AI34: Develop study material TBI 

Additional contact time is 
necessary to at least align 
the contact time on 
campuses. 

AI10: Additional contact session. Unsure 

AI18: Theory session Yes 

Social interaction should 
have the goal of students 
working together to 
complete a task in order 
to allow the possibility that 
students can explain 
different concepts to one 
another, which is in a 
more comfortable setting 
than between lecturer and 
students, for instance. 

AI11: SI Yes 

AI21: Peer/individual worksheets Yes 

AI35: Group project (two members) TBI 
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Table 8.7: Mapping of interventions for AR cycle 2 and AR cycle 4 to 

intervention requirements (continued) 

 

 

Intervention 
requirements 

Interventions used for cycle 4, cycle 2 interventions 
that’s no longer used are indicated in strikethrough  

Success  

Activities should be 
planned so that contact 
time is used for students 
to have access to the 
lecturer to correct non-
viable mental models and 
activities should serve a 
purpose in terms of 
learning and grades. 

AI13: More assessment opportunities Yes 

AI18: Theory session Yes 

AI30: Homework moves to in-class activities Yes 

Reflect on interventions 
and make necessary 
changes to improve the 
programming skills of 
students. 

The lecturer listens to the affected students, reflects critically (cycle 1, 
cycle 2, cycle 3) and makes adaptions to the instructional approach 
(plan intervention) in order to improve the programming skills of 
students using a critical systems approach. 

Lecturer should make a 
conscious effort to 
engage with students. 

AI23: Student-led practical sessions Yes 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

Plan activities with 
purpose and attach 
incentives to each activity 
in order to encourage 
participation. 

AI24: Graded in-class activities Yes 

AI31: Incentives Yes 

AI19: Chapter summaries in notebook Yes 

Plan activities in such a 
way that students get the 
opportunity to discover 
content for themselves 
within an environment 
where misconceptions 
can be addressed. 

AI19: Chapter summaries in notebook Yes 

AI18: Theory session Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI33: Explicit reflection after each activity TBI 

Plan explicit reflective 
activities for the reflection 
on current mental 
constructions. 

AI33: Explicit reflection after each activity TBI 
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The interventions used in cycle 4 are summarised in Table 8.8. The table builds on the 

actual interventions table and success thereof in Chapter 5 (Table 5.15). The cycle in 

which the intervention is initiated is indicated. The success of the current cycle’s 

interventions cannot be determined yet, and is indicated with TBI, in short for “to be 

investigated”. 

Table 8.8: Actual interventions used for all AR cycles 

 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI1: Read a chapter before each 
study unit PI3: Prepare before class No C1 

AI2: Watch tutorial videos PI2: Tutorial videos No C1 

AI3: Concept quiz before study unit 
PI1: Formative 
assessments  
PI3: Prepare before class 

Yes C1 

AI4: Lecturer completes an example 
with class N/A Unsure C1 

AI5: Class assistants assists within 
the practical class to correct non-
viable mental models 

PI5: Peer-assisted 
learning  
PI6: Pair programming 

Yes C1 

AI6: Provide suggested solution to 
example (AI4) 

PI1: Formative 
assessments Unsure C1 

AI7: Provide ungraded suggested 
solution for in-class activity 

PI1: Formative 
assessments Unsure C1 

AI8: Provide ungraded suggested 
solution for homework activity 

PI1: Formative 
assessments Unsure C1 

AI9: Provide graded suggested 
solutions and feedback for 
assignments 

PI1: Formative 
assessments Unsure C1 

AI10: Additional contact session N/A Unsure C2 

AI11: SI PI5: Peer-assisted 
learning Yes C2 

AI12: Lecturer “how-to” notes Inspired by PI4: Cheat 
sheets Yes C2 

AI13: More assessment opportunities PI1: Formative 
assessments Yes C2 
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Table 8.8: Actual interventions used for all AR cycles (continued) 

 
 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI14: Cheat sheets PI4: Cheat sheets No C2 

AI15: Request to lecture UIP 1 N/A Yes C2 

AI16: Intervention talk N/A Yes C2 

AI17: Count textbooks N/A Yes C2 

AI18: Theory session N/A Yes C3 

AI19: Chapter summaries in 
notebook 

PI3: Prepare before class 
PI4: Cheat sheets 

Yes C3 

AI20: Create tutorial videos PI2: Tutorial videos Yes C3 

AI21: Peer/individual worksheets 

PI5: Peer-assisted 
learning  
Inspired by PI6: Pair 
programming 

Yes C3 

AI22: Quiz game in class (Kahoot!) PI1: Formative 
assessments Yes C3 

AI23: Student-led practical sessions N/A Yes C3 

AI24: Graded in-class activities PI1: Formative 
assessments Yes C3 

AI25: Feedback to students about 
misconceptions (AI24) 

PI1: Formative 
assessments Yes C3 

AI26: Feedback to lecturer about 
misconceptions (AI24) 

PI1: Formative 
assessments Yes C3 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 

PI1: Formative 
assessments Unsure C3 

AI28: Handwritten class tests PI1: Formative 
assessments Yes C3 

AI29: Prescribe new textbook N/A Yes C3 

AI30: Homework moves to in-class 
activities 

PI1: Formative 
assessments Yes C3 

AI31: Incentives  N/A Yes C3 

AI32: Feedback within group for 
video 

PI1: Formative 
assessments  
PI2: Tutorial videos 

No C3 
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Table 8.8: Actual interventions used for all AR cycles (continued) 

 

Pure pair programming (PI6) remains on the wish list for future cycles, because it is the 

second iteration on UIP 2 and validation of current interventions is required for this cycle; 

new interventions are kept to a minimum.  

The intervention plan is reflected upon in terms of its positioning within Lye and Koh's 

(2014:59) PSLE in the next section. 

8.3.14 Reflecting on the positioning of the planned intervention within PSLE 

The guidelines that were developed in previous cycles incorporate the guidelines for a 

PSLE as Lye and Koh (2014:59) suggest. Therefore, many interventions planned in 

previous cycles already incorporate the guidelines for a PSLE, and are shown in Table 

8.9. The additional interventions that are added to interventions in cycle 2 are also 

indicated.  

Table 8.9: PSLE applied to AR cycle 4 

 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI33: Explicit reflection after each 
activity 

PI1: Formative 
assessments TBI C4 

AI34: Develop study material N/A TBI C4 

AI35: Group project (two members) 
PI5: Peer-assisted 
learning 
PI6: Pair programming 

TBI C4 

PSLE guidelines 
(§4.3) 

Interventions used for cycle 4, cycle 2 
interventions that’s no longer used are 

indicated in strikethrough 

Linked to cycle 3 
guidelines (Table 8.2) 

PSLE1: Authentic 
problems 

Provide students with problems/systems that 
they can relate to and envision 

C1GL4: Relevant study 
material 

PSLE2: Information 
processing Refer to Table 8.10 
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Table 8.9: PSLE applied to AR cycle 4 (continued) 

 

Ben-Ari's (2001:68) guidelines for CS educators on the practical application of 

constructivism (§ 4.2.3) are used to address information processing activities within Lye 

PSLE guidelines 
(§4.3) 

Interventions used for cycle 4, cycle 2 
interventions that’s no longer used are 

indicated in strikethrough 

Linked to cycle 3 
guidelines (Table 8.2) 

PSLE3: Scaffolding 

Cycle 2: 
AI4: Lecturer completes an example with 
class 
AI10: Additional contact session 
AI11: SI 
In addition, for cycle 4: 
AI18: Theory session 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 

C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL6: Social 
interaction 

PSLE4: Reflection 

Cycle 2: 
AI6: Provide suggested solution to example 
(AI4) 
AI7: Provide ungraded suggested solution for 
in-class activity 
AI8: Provide ungraded suggested solution for 
homework activity 
Implicit reflection when comparing solutions 
with their own work 
In addition, for cycle 4 
AI21: Peer/individual worksheets  
AI22: Quiz game in class (Kahoot!) 
AI24: Graded in-class activities (AI4). 
AI25: Feedback to students about 
misconceptions (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI33: Explicit reflection after each activity 

C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL7: Consider 
external pressures 
C2GL10: Incentives 
C3GL12: Explicit 
reflection 

PSLE5: Miscellaneous 
Environmental factors and lecturer 
knowledge 
AI30: Homework moves to in-class activities 

C1GL7: Consider 
external pressures 
G1GL8: Lecturer 
knowledge: self-critical 
reflection. 
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and Koh's (2014:59) PSLE design (§ 4.3). In order to improve the programming skills of 

students, viable mental model construction is a priority and in line with constructivism. A 

list follows with practical applications of constructivism in order to address information 

processing (Table 8.10) for this study. 

Table 8.10: Constructivist guidelines to improve information processing of 

students applied to AR cycle 4 (Ben-Ari, 2001:68) 

Constructivist 
guidelines (§ 

4.2.3) 

Cycle 2 interventions with additional 
interventions planned for cycle 4 

Linked to cycle 3 
guidelines (Table 6.2) 

Desired cognitive 
change for students 
(mere knowledge 
transfer is not 
sufficient) 

Cycle 1: 
Follow a computational thinking 
instructional approach (PSLE) with 
interventions aimed at improving mental 
models and problem-solving skills. Plan 
classes according to needs of students. 
AI10: Additional contact session 
AI11: SI  
AI14: Cheat sheets 
In addition, for cycle 4: 
Add cognitive activities: 
AI18: Theory session 
AI19: Chapter summaries in notebook 
 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL4: Relevant study 
material 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C2GL9: Lecturer 
engagement 
C2GL10: Incentives 
 

Desired cognitive 
change for students 
(mere knowledge 
transfer is not 
sufficient) 

AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
AI28: Handwritten class tests 
AI29: Prescribe new textbook 
AI33: Explicit reflection after each activity 
AI34: Develop study material 
AI35: Group project (two members) 

C2GL11: Opportunity to 
discover content 
C3GL12: Explicit 
reflection 

Prior knowledge 

Cycle 2: 
AI1: Read a chapter before each study unit. 
AI3: Concept quiz before study unit (§ 
5.4.1). 
AI10: Additional contact session 
AI15: Request to lecture UIP 1 
AI18: Theory session 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1CL4: Relevant study 
material 
C1GL5: Sufficient contact 
time 
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Table 8.10: Constructivist guidelines to improve information processing of 

  students applied to AR cycle 4 (Ben-Ari, 2001:68) (continued) 

 

Constructivist 
guidelines (§ 

4.2.3) 

Cycle 2 interventions with additional 
interventions planned for cycle 4 

Linked to cycle 3 
guidelines (Table 6.2) 

Prior knowledge 

In addition, for cycle 4: 
AI18: Theory session 
AI19: Chapter summaries in notebook 
AI21: Peer/individual worksheets 
AI28: Handwritten class tests 
AI29: Prescribe new textbook 
AI34: Develop study material 
AI33: Explicit reflection after each activity 

C1GL6: Social interaction 
C2GL10: Incentives 
interaction 
C3GL12: Explicit 
reflection 

Abstraction for 
course 

Cycle 2: 
Present concepts in an understandable, 
relatable way 
AI2: Watch tutorial videos 
AI10: Additional contact session 
AI11: SI  
AI12: Lecturer “how-to” notes  
AI13: More assessment opportunities  
AI14: Cheat sheets 
In addition, for cycle 4: 
AI18: Theory session 
AI19: Chapter summaries in notebook 
 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1CL4: Relevant study 
material 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C2GL10: Incentives 
C3GL12: Explicit 
reflection 

Abstraction for 
course 

AI21: Peer/individual worksheets 
AI29: Prescribe new textbook 
AI33: Explicit reflection after each activity 
AI34: Develop study material 

 

Facilitating the 
process of 
modifying the 
mental model 

Cycle 2: 
AI5: Class assistants assist within the 
practical class to correct non-viable mental 
models 
AI10: Additional contact session 
AI11: SI 
 

C1GL1: Prior learning 
C1GL2: Information 
processing 
C1GL3: Scaffolding 
C1GL5: Sufficient contact 
time 
C1GL6: Social interaction 
C1GL7: Consider external 
pressures 
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Table 8.10: Constructivist guidelines to improve information processing of 

  students applied to AR cycle 4 (Ben-Ari, 2001:68) (continued) 

 

More details regarding the interventions planned for the instructional approach for this 

course are provided. 

Constructivist 
guidelines (§ 

4.2.3) 

Cycle 2 interventions with additional 
interventions planned for cycle 4 

Linked to cycle 3 
guidelines (Table 6.2) 

Facilitating the 
process of 
modifying the 
mental model 

In addition, for cycle 4: 
AI18: Theory session 
AI21: Peer/individual worksheets 
AI23: Student-led practical sessions 
AI24: Graded in-class activities (AI4) 
AI25: Feedback to students about 
misconceptions (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI30: Homework moves to in-class 
activities 
AI33: Explicit reflection after each activity 

C2GL9: Lecturer 
engagement 
C2GL10: Incentives 
C2GL11: Opportunity to 
discover content 
C3GL12: Explicit 
reflection 

Individual reflection 
& social interaction 

Cycle 2: 
AI6: Provide suggested solution to example 
(AI4) 
AI7: Provide ungraded suggested solution 
for in-class activity 
AI8: Provide ungraded suggested solution 
for homework activity 
AI11: SI  
In addition, for cycle 4: 
AI24: Graded in-class activities (AI4) 
AI25: Feedback to students about 
misconceptions (AI24) 
AI26: Feedback to lecturer about 
misconceptions (AI24) 
AI33: Explicit reflection after each activity 
AI35: Group project (two members) 

C1GL2: Information 
processing 
C1GL6: Social interaction 
C2GL9: Lecturer 
engagement 
C2GL10: Incentives  
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8.3.15 Action plan: Updated instructional design 

The proposed and updated instructional design incorporates the interventions as 

discussed in the previous sections and is discussed in terms of student preparation (§ 

8.3.15.1), participation (§ 8.3.15.2), reflection (§ 8.3.15.3), as well as formative (§ 8.3.15.4) 

and summative (§ 8.3.15.5) assessment. Finally, the proposed instructional approach is 

summarised (§ 8.3.15.6). 

8.3.15.1 Student preparation before the contact session 

For cycle 4, various preparation activities are planned to address the lack of prior 

knowledge in previous cycles that led to C1GL1: Prior learning should be in place. All 

interventions are planned keeping guideline G1GL7: Consider external pressures, 

specifically in mind because of the heavy workload in a student’s second year of study. 

The preparation activity includes: 

• Optional chapter summaries in the form of notebooks before each study unit. 

Interventions that form part of participation during the contact session are discussed next.  

8.3.15.2 Participation during contact session 

A theory session is requested, which will include an in-depth explanation by the lecturer 

of viable mental model construction and scaffolding of concepts with examples and 

exercises. In addition, other activities are done during the theory session such as: 

• peer/individual worksheets; and 

• an interactive quiz game (Kahoot!); 

These activities are planned to keep the students engaged. The practical sessions will be 

student-led where: 

• homework activities are replaced by in-class graded activities that are submitted on 

eFundiTM; 



 

389 | C h a p t e r  8 :   A c t i o n  r e s e a r c h  c y c l e  4  
 

• student assistants will assist in class; and 

• lecturer engagement is enhanced since no formal teaching will take place in this 

session. 

Reflection/revision activities that follow and build on the contact session are discussed in 

the next section. 

8.3.15.3 Reflection/revision after contact session 

After the contact sessions, in-class activities are graded and solutions are provided. An 

explicit reflection activity is given after each activity. No homework is given, only 

preparation before each study unit is required. SI sessions are added to enhance 

information processing, scaffolding and social interaction. The interventions planned are 

as follows: 

• Grade the in-class activity and upload suggested solution for the in-class activities on 

eFundiTM;  

• Feedback to students from assistants on in-class activity on eFundiTM; 

• Feedback to the lecturer from assistants on in-class activity using Google Forms; 

• Explicit reflection by the student about current mental constructions using the Tests 

and Quizzes tool on eFundiTM; and 

• SI sessions. 

The formative and summative assessments are discussed next. 

8.3.15.4 Formative assessment 

Formative assessments are planned with the aim to inform students of their current 

understanding and possible misconceptions. Incentives and additional assessment 
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opportunities are provided considering the external factors that causes pressure on 

students. The formative assessments are: 

• Chapter summaries can count as an additional handwritten class test. Without a 

notebook, two out of three handwritten class tests will count towards their PM. If a 

student chooses to complete chapter summaries, three out of four class tests will 

count, of which one represents the mark received for the notebook. Handwritten class 

tests contribute 30% towards a student’s PM; 

• The best 80% of the practical in-class activities contribute 80% towards the 25% for 

practical- and reflective activities. The best 50% of reflection activities contribute the 

remaining 20% towards the 25% for practical- and reflective activities; 

• The web project contributes 25% towards a student’s PM; and 

• The semester test contributes 20% towards the PM. 

Summative assessment will be discussed next. 

8.3.15.5 Summative assessment 

The examination remains the same as in cycle 2, without a cheat sheet. 

8.3.15.6 Summary of the proposed instructional approach 

The intervention planned for this cycle is shown in Table 8.11 based on planned class 

activities promoting active learning. Each PSLE aspect is mapped to each action planned, 

which, in turn, maps to the guidelines; this initial mapping occurs in Table 8.9 and Table 

8.10. In addition, computational thinking skills, which are addressed, are listed for each 

action planned.
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Table 8.11: Intervention plan for AR cycle 4 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Student preparation before contact session 

AI19: Chapter summaries in notebook PSLE2: Information processing Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during one 1.15-hour theory session 

AI18: Theory session 

All 
Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI21: Peer/individual worksheets 

AI22: Quiz game in class (Kahoot!) 

Participation during one 3-hour practical session 

AI23: Student-led practical sessions All 
Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI24: Graded in-class activities All 

AI5: Class assistants assist within the practical 
class to correct non-viable mental models 

PSLE2: Information processing 
PSLE3: Scaffolding 

Reflection/revision after contact session 

AI11: SI PSLE2: Information processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI25: Feedback to students about misconceptions 
(AI24) PSLE4: Reflection 

AI26: Feedback to lecturer about misconceptions 
(AI24) PSLE4: Reflection 
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Table 8.11: Intervention plan for AR cycle 4 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Reflection/revision after contact session 

AI30: Homework moves to in-class activities PSLE2: Information processing Decomposition, abstraction, algorithms, 
debugging, iteration AI33: Explicit reflection after each activity PSLE4: Reflection 

Formative assessment 

AI13: More assessment opportunities: 
AI24: Graded in-class activities – best 80% 
contribute 80% towards the 25% for practical- and 
reflective activities  
AI33: Explicit reflection after each activity: The best 
50% of reflection activities contribute 20% towards 
the 25% for practical- and reflective activities 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

AI13: More assessment opportunities: 
AI28: Handwritten class tests: Best two out of three 
or with notebook, best three out of four contribute 
30% towards a student’s PM 
AI19: Chapter summaries in notebook can count as 
additional test 

One semester test contributes 20% towards the PM 

AI35: Group project (two members) contributes 
25% 
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Table 8.11: Intervention plan for AR cycle 4 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Summative assessment 

Three-hour practical examination (contributes 50% 
towards course mark) 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

 

The planned instructional approach (Table 8.11) is executed in the next section. 
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8.4 Action taking 

The planned interventions are carried out as set out in the previous section. The 

intervention initiates with a request for a theory session in order to align with the other 

campus and to have sufficient contact time (C1GL5). The theory session is allocated and 

forms part of the schedule from the start of the semester and is therefore compulsory for 

all students. Before the theory class, students have the option of summarising the study 

unit in a notebook, which has the incentive of counting as an additional handwritten class 

test. Within the theory class, lecturer presentations are given with interactive exercises, 

worksheets and quizzes. Practical sessions are student led and homework is replaced by 

in-class activities so that students can complete activities when student assistants and the 

lecturer are available to assist, thus improving lecturer engagement (C2GL9). In-class 

activities are submitted, graded and feedback is provided by assistants when necessary. 

Feedback is also provided to the lecturer, who then addresses misconceptions in the 

following contact session. Students complete an explicit reflection activity after each in-

class activity. Because of a low participation rate for the first few reflection activities, and 

students mentioning that they forget to submit the separate reflection activity, the 

submissions for the in-class activity and reflection were combined into one submission in 

the form of Tests and Quizzes on eFundiTM, where a student needs to answer the reflection 

questions first and submit the activity as part of the last question. The first questions force 

the student to complete the reflection questions before submission of the in-class activity 

is allowed. The participation rate then increased to 100% of students who submitted in-

class activities. 

SI sessions are conducted covering topics listed in the feedback to the lecturer by 

assistants. 

Handwritten class tests are written, and if students completed the optional notebook, it will 

count as an additional handwritten test. The semester test is written and an examination 

is completed. The evaluation takes place in the next section regarding the intervention 

plan. 
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8.5 Evaluation 

During the evaluation phase, interviews are conducted in order to strive towards the totality 

of conditions, as explained by Kant, with the aim to understand (§ 3.2.5.1). The totality of 

conditioned realities is an ideal, but understanding more conditioned views enhances the 

understanding about the problematical situation (Ulrich, 1983:225). The empirical report 

will be discussed according to participants (§ 8.5.1), data collection (§ 8.5.2), data 

representation, analysis and findings for interviews in terms of the experiences of the 

students (§ 8.5.3), and the lecturer’s rational perspectives are presented, analysed and 

findings are listed (§ 8.5.4). 

8.5.1 Participants 

The participants who form part of the evaluation include students who completed the UIP 

2 course. There were no office visits during this cycle and the lecturer was not aware of 

any complaints or concerns. All students in UIP 2 were asked to voluntarily participate in 

the research interviews. A page with a discussion of the purpose of the interpretive 

questionnaire, the process of the interview and assurance of anonymity is circulated along 

with an empty list where students could write their contact details down. This list is used 

to contact participants for interviews. There were 24 volunteers who provided their details 

on the list. Purposeful participant selection was used similar to the previous cycle, 

considering participants’ final course grade to invite them for interviews; for example, 

inviting students who achieved distinctions, performed average (50 to 74%) and failed the 

course. The following students were available for interviews in the provided time slots: 

three students (P2, P3, P5) who achieved distinctions, three students (P1, P4 and P6) 

who achieved an average grade (50 to 74%), and there were no volunteers on the list who 

failed the course. It was a trend in previous cycles that students who were more positive 

volunteered for the interviews, which can possibly influence the interviews to portray more 

positive views. Special care was taken to repeatedly invite students who failed the course 

– no one participated. It is important to take the pass rate into consideration as there were 

very few students who did not pass the course. Participant 4 failed UIP 2, cycle 1 and 

cycle 2, and therefore, P4 can provide insight into both instructional designs followed for 
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UIP 2 (cycle 1, cycle 2 and cycle 4). Because P4 failed UIP 2 (cycle 1 and cycle 2), P4 did 

not complete UIP 1 (cycle 3) with the current lecturer. Participants were interviewed and 

it was used for transcription and analysis. 

8.5.2 Data collection: Towards the totality of conditioned realities 

The data collection process was followed as explained in the previous chapter (§ 6.5). 

Firstly, the polemical views of the affected students in the form of formal interviews (§ 

8.5.3) are presented, analysed and findings are given. The questions are presented in 

Table 8.12 and were developed firstly to understand, and secondly to validate the 

instructional approach and interventions used. The questions are either linked to the actual 

interventions used (Table 8.8) and/or the PSLE aspect addressed (Table 8.9). The letter 

for consent is included in Annexure A. A separate file contains the interview transcripts. 

Table 8.12: Interview questions for AR cycle 4 

Nr. Question Actual intervention 
(Table 8.8) 

Instructional 
approach in terms of 

PSLE (Table 8.9) 

1 Would you say that the content of UIP 2 
helped you to complete other courses? 

AI29: Prescribe new 
textbook 
AI34: Develop study 
material 

All 

2 Did the theory class help you to form an 
understanding of the concepts in UIP 2? AI18: Theory session 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE3: Scaffolding 

3 Did UIP 1 prepare you for UIP 2? All used in cycle 3 All 

4 
Were the activities such as worksheets 
(peer/individual) and Kahoot! games in the 
theory class sensible to you?  

AI21: Peer/individual 
worksheets  
AI22: Quiz game in 
class (Kahoot!) 

All 
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Table 8.12: Interview questions for AR cycle 4 (continued) 

Nr. Question Actual intervention 
(Table 8.8) 

Instructional 
approach in terms of 

PSLE (Table 8.9) 

5 Did you enjoy doing peer worksheets? AI21: Peer/individual 
worksheets  All 

6 Do you feel that the lecturer engaged with 
the students? 

AI23: Student-led 
practical sessions 

Information processing 
PSLE3: Scaffolding 

7 

Did you choose to do the optional chapter 
summaries in your notebook? Did it help 
you to form an understanding of the 
programming concepts? 

AI19: Chapter 
summaries in 
notebook 

PSLE2: Information 
processing 

8 

Did the incentives motivate you to do 
certain things; for example, choosing to do 
the notebook because it can count as an 
additional class test or completing practical 
class work because it counts towards your 
participation? 

AI31: Incentives N/A 

9 Was the textbook relevant?  

AI29: Prescribe new 
textbook 
AI34: Develop study 
material 

All 

10 
Were the marks and feedback provided on 
class activities by student assistants 
helpful? 

AI24: Graded in-
class activities 
AI25: Feedback to 
students about 
misconceptions 
(AI24) 

All 

11 
Did the reflection questions after each 
activity help you to realise which concepts 
you might not understand? 

AI33: Explicit 
reflection after each 
activity 

PSLE2: Information 
processing 
PSLE3: Reflection 

12 
Did you enjoy the structure of the practical 
class, following a lesson on your own that 
is set up before-hand? 

AI23: Student-led 
practical sessions All 

13 
Were the assistants in the practical class 
helpful to you when you did not 
understand? 

AI5: Class assistants 
assist within the 
practical class to 
correct non-viable 
mental models 

PSLE2: Information 
processing 

14 Did you attend SI? If yes, was it helpful in 
improving your understanding of concepts? AI11:SI PSLE2: Information 

processing 
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Table 8.12: Interview questions for AR cycle 4 (continued) 

Nr. Question Actual intervention 
(Table 8.8) 

Instructional 
approach in terms of 

PSLE (Table 8.9) 

15 Did you find the additional study material 
relevant and useful? 

AI29: Prescribe new 
textbook 
AI34: Develop study 
material 

All 

16 Did handwritten class tests help you to 
grasp concepts better?  

AI28: Handwritten 
class tests 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE4: Reflection 

17 Could you cope with the workload in this 
course All used in cycle 4 All 

18 Did you enjoy completing the project in a 
group of two? 

AI35: Group project 
(two members) 

PSLE2: Information 
processing 

19 What did you enjoy about the lecturing 
style? All used in cycle 4 All 

20 What did you not enjoy about the lecturing 
style? All used in cycle 4 All 

21 What can I do differently in UIP 1 or UIP 2? All used in cycle 4 All 
 

Secondly, the rational argumentation of the lecturer (§ 8.5.5) is presented, analysed and 

findings are declared. The collected data is analysed in the sections that follow. 

8.5.3 Representation and analysis: Polemical views of the affected students 

during formal interviews 

In this section, the polemical views of students are presented using content analysis done 

similar to Chapter 6 (§ 6.5). The strategy followed for coding is similar to Chapter 6 (§ 6.5) 

and is outlined in the next section (§ 8.5.3.1). 
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8.5.3.1 Coding strategy 

The coding strategy is executed using Zhang and Wildemuth's (2009:3) guidelines, and a 

similar execution as in Chapter 6 (§ 6.5) is followed, and identical steps will not be 

discussed again. The next section commences with step 5, coding all the text (§ 8.5.3.2), 

followed by step 7, the conclusions (§ 8.5.3.3). 

8.5.3.2 Step 5: Code all text 

All text is now coded following this process and the final numbered and alphabetical list of 

codes for all the participants is provided in Table 8.13. 

Table 8.13: List of codes for all participants (AR cycle 4) 

Code 
nr. Codes P1 P2 P3 P4 P5 P6 Totals 

1 Assistants: Change code without 
explanations 1 0 0 1 0 0 2 

2 Assistants: Sometimes helpful 1 0 0 0 0 1 2 

3 Assistants: Were very helpful and explained 
misconceptions 0 1 1 0 2 1 5 

4 Changes from UIP 2 cycle 1 and 2 to UIP 2 
cycle 4 made a positive difference 0 0 0 1 0 0 1 

5 Course and workload: I enjoyed this course 
more than UIP 1 1 0 0 0 0 0 1 

6 Course: Is relevant, using it in other 
courses 1 1 1 1 1 1 6 

7 Course: The specific database engine is not 
useful 0 0 0 0 1 0 1 

8 Feedback: Was helpful for activities 1 0 1 0 1 0 3 

9 Feedback: Not helpful 0 0 0 1 0 0 1 

10 Feedback: Was limited for activities 0 1 1 0 0 0 2 

11 Graded activities: Were helpful 1 1 1 0 1 0 4 

12 Graded activities: Not helpful 0 0 0 1 0 0 1 

13 Group project: I enjoyed completing it with 
another member 1 1 2 1 1 1 7 
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Table 8.13: List of codes for all participants (AR cycle 4) (continued) 

Code 
nr. Codes P1 P2 P3 P4 P5 P6 Totals 

14 Group project: We could help one another 0 0 1 1 1 1 4 

15 
Group work: Should encourage 
engagement between students when 
completing class activities in practicals 

1 0 0 0 0 0 1 

16 Handwritten class tests: Difficult 0 0 0 1 0 0 1 

17 Handwritten class tests: It improved my 
understanding 0 1 1 1 0 0 3 

18 I am shy to ask questions when I do not 
understand 1 0 0 0 0 0 1 

19 I failed UIP 2 cycle 1 because I did not 
attend classes regularly 0 0 0 1 0 0 1 

20 I failed UIP 2 cycle 1 because I had other 
external responsibilities 0 0 0 1 0 0 1 

21 Incentive: Attached to notebook motivated 
me 1 1 0 1 1 1 5 

22 Incentive: For notebook is easy marks 0 1 0 1 1 0 3 

23 Incentives: Motivate me 1 1 1 1 1 1 6 

24 Kahoot!: Enjoyable 0 1 1 1 0 1 4 

25 Kahoot!: Helpful 0 1 1 1 1 1 5 

26 Kahoot: Improves concentration and 
engagement 0 0 0 1 0 0 1 

27 Kahoot: Improves understanding 0 0 0 1 0 1 2 

28 Lecturer engagement: Engaged with 
students 1 1 1 1 1 1 6 

29 Lecturing style: Enjoyed practical 1 1 0 1 1 1 5 

30 Lecturing style: Enjoyed that the lecturer 
engaging with us 1 0 1 2 0 1 5 

31 Lecturing style: Enjoyed the project 0 1 0 0 0 0 1 

32 Lecturing style: Enjoyed theory 0 0 0 1 0 0 1 

33 Lecturing style: I enjoyed that you assisted 
us personally 1 0 0 1 0 0 2 

34 Lecturing style: I enjoyed that you 
challenged us 0 0 0 2 1 0 3 
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Table 8.13: List of codes for all participants (AR cycle 4) (continued) 

Code 
nr. Codes P1 P2 P3 P4 P5 P6 Totals 

35 Lecturing style: I enjoyed working on my 
own with help nearby 0 0 1 1 0 0 2 

36 Lecturing style: Internalise content 0 0 0 1 1 0 2 

37 Lecturing style: No changes suggested 0 1 0 1 1 1 4 

38 Lecturing style: Successful, I use concepts 
learned often 1 0 1 0 0 1 3 

39 Lecturing style: Theory class, did not 
always understand content 1 0 0 0 0 0 1 

40 Lessons page: Content was relevant 1 0 1 1 1 1 5 

41 Lessons page: Layout was logical 1 1 1 1 1 1 6 

42 More group work: Want more group work 0 0 0 1 0 0 1 

43 More group work: Not if the group is larger 
than two 1 1 0 0 1 0 3 

44 Optional notebook: Helped me to 
understand the content 1 1 2 1 1 1 7 

45 Optional notebook: Yes 1 1 1 1 1 1 6 

46 Practical class: Encouraged problem-
solving 0 1 0 3 0 1 5 

47 Practical class: Prefer to work on my own 0 1 1 2 1 1 6 

48 
Practical class: You taught us skills to 
acquire knowledge that is applicable to 
other courses 

0 0 0 1 0 1 2 

49 
Reflection activity: Completed, but was not 
as relevant for me because I feel that I did 
not struggle with the content 

0 0 0 0 0 1 1 

50 Reflection activity: Helped me to realise 
gaps in my understanding 1 1 1 1 1 0 5 

51 Repeated UIP 2 0 0 0 1 0 0 1 

52 SI: I attended 1 1 0 1 0 0 3 

53 SI: I did not need to attend because I 
understood 0 0 1 0 1 1 3 

54 SI: It was the best experience 1 1 0 1 0 0 3 
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Table 8.13: List of codes for all participants (AR cycle 4) (continued) 

Code 
nr. Codes P1 P2 P3 P4 P5 P6 Totals 

55 Study guides: Did not enjoy small font 1 0 0 0 0 0 1 

56 Study guides: Were relevant and helpful 2 1 1 1 1 1 7 

57 Textbook: Not relevant because additional 
resources were readily available 0 0 0 1 0 0 1 

58 Textbook: Was relevant for the study unit 
we did in the textbook 1 1 1 0 1 1 5 

59 Theory session: Was helpful 1 1 1 1 1 1 6 

60 Theory session: Was necessary in order to 
understand 0 2 1 1 0 0 4 

61 Theory sessions: Helped me to remember 
thee content 0 1 1 1 0 1 4 

62 Theory sessions: Need to listen, and I do 
not listen/concentrate 0 0 0 0 1 0 1 

63 UIP 1 prior to cycle 1 did not prepare me for 
UIP 2 (cycle 1 & 2) 0 0 0 1 0 0 1 

64 
UIP 2 cycle 1 and 2 did not have a theory 
class, just crammed code without 
understanding 

0 0 0 1 0 0 1 

65 UIP1 prior to cycle 1 did not help me to 
understand 0 0 0 1 0 0 1 

66 UIP1 to UIP2: Adaption was easy 1 0 2 0 1 1 5 

67 UIP1: Helped me understand programming 1 1 1 0 0 0 3 

68 UIP1: Prepared me for UIP2 1 1 1 0 2 1 6 

69 UIP1: Was more difficult than UIP2 1 0 0 0 1 0 2 

70 Workload: I coped well with the workload 1 1 1 1 1 1 6 

71 Worksheets peer/individual: Enjoyable 1 2 1 1 0 1 6 

72 Worksheets peer/individual: Were helpful 1 2 1 1 2 1 8 

73 Worksheets peer: Enjoyed talking to my 
friend 0 1 0 0 0 0 1 

74 Worksheets peer: I did not know anyone 
since I am repeating 0 0 0 1 0 0 1 

75 Worksheets peer: We filled the gaps of 
understanding between us 0 0 1 0 1 1 3 

 



 

403 | C h a p t e r  8 :   A c t i o n  r e s e a r c h  c y c l e  4  
 

Table 8.13: List of codes for all participants (AR cycle 4) (continued) 

Code 
nr. Codes P1 P2 P3 P4 P5 P6 Totals 

76 Worksheets: Should continue, be kept as 
part of instructional approach 1 0 0 0 0 0 1 

Totals 38 38 37 56 37 34 240 
 

Consistency in the coding process is ensured through re-evaluation of previous interviews 

with the new codes of each new coded response. 

8.5.3.3 Step 7: Findings 

In the previous section, interviews were coded and presented in Table 8.13. Conclusions 

reached through the analysis of codes based on the actual interventions and the success 

thereof are presented in Table 8.14. The codes are linked to each actual intervention in 

terms of positive feedback in favour of the intervention or negative feedback not in favour 

of the intervention. 

Table 8.14: Students perceptions on success of actual interventions used for 

AR cycle 4 

Actual interventions Codes + Codes - Success 

AI5: Class assistants assist within the practical 
class to correct non-viable mental models 2, 3 1 Yes 

AI11: SI 52, 53, 54  Yes 

AI13: More assessment opportunities 
29, 31, 34, 35, 36, 
37, 38, 70, 63, 64, 
65, 66, 67, 68, 69 

 Yes 

AI18: Theory session 32, 59, 60, 61 39, 62 Yes 

AI19: Chapter summaries in notebook 44, 45  Yes 

AI21: Peer/individual worksheets 71, 72, 73, 75, 76 74 Yes 

AI22: Quiz game in class (Kahoot!) 24, 25, 26, 27  Yes 

AI23: Student-led practical sessions 46, 47, 48  Yes 

AI24: Graded in-class activities 11 12 Yes 



 

404 | C h a p t e r  8 :   A c t i o n  r e s e a r c h  c y c l e  4  
 

Table 8.14: Students perceptions on success of actual interventions used for 

AR cycle 4 (continued) 

Actual interventions Codes + Codes - Success 

AI25: Feedback to students about 
misconceptions (AI24) 8 9, 10 Unsure 

AI26: Feedback to lecturer about 
misconceptions (AI24) N/A N/A Yes 

AI28: Handwritten class tests 16, 17  Yes 

AI29: Prescribe new textbook 56, 58 55 Yes 

AI30: Homework moves to in-class activities 
29, 31, 34, 35, 36, 
37, 38, 70, 63, 64, 
65, 66, 67, 68, 69 

 Yes 

AI31: Incentives  21, 22, 23  Yes 

AI33: Explicit reflection after each activity 50 49 Yes 

AI34: Develop study material 56, 58 55 Yes 

AI35: Group project (two members) 13, 14  Yes 
 

The success of the interventions used for cycle 4 according to the polemical views of 

students is discussed and can be summarised as: 

• Class assistants (AI5) are seen as very helpful and explained difficult content to most 

participants (code 3). Two participants mentioned that assistants changed code 

without explaining (code 2, code 3). This intervention was successful; 

• Three participants attended SI (AI11) and all three felt that it was a very good 

experience (code 52), helping them to understand the content better (code 54). Other 

students who did not attend SI performed well enough not to have the need to attend 

SI (code 53). This intervention was successful; 

• No specific questions were asked about the number of assessment opportunities 

(AI13); however, positive feedback was received about the instructional design (codes 

29, 31, 34, 35, 36, 37, 38, 70, 63, 64, 65, 66, 67, 68, 69) and students mentioned that 
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they could cope with the workload (code 70). This intervention is considered 

successful; 

• Theory sessions (AI18) are seen as helpful by all participants (code 59) and were 

successful; 

• All participants completed the optional chapter summaries made before each study 

unit in student notebooks (AI19) (code 45) and everyone indicated that it helped them 

to internalise the content (code 44). It was successful; 

• Peer/individual worksheets (AI21) were seen as enjoyable (code 71) and helpful (code 

72) by all participants. Peers worked together and often filled the gaps in each other’s 

understanding (code 75). This intervention was successful. 

• Most participants found Kahoot! games (AI22) in class enjoyable (code 24) and helpful 

(code 25). This intervention was successful; 

• The structure of the practical session (AI23) promoted problem-solving (code 46) and 

students enjoyed working on their own to solve problems (code 47). This intervention 

was successful; 

• Graded activities (AI24) were seen as helpful (code 11) by all but one participant (code 

12). This intervention was successful; 

• Three participants said that the feedback on in-class activities (AI25) was helpful (code 

8). One participant said that the feedback was not helpful (code 9). Some felt that 

feedback was limited (code 9). The success of this intervention is uncertain; 

• Handwritten class tests (AI28) improved many participants’ understanding (code 17). 

This intervention was successful; 

• The textbook (AI29) was relevant (code 58) for all but one participant (P4), who feels 

that the textbook was not needed with enough resources available (code 57), which 

still implies that the learning material was relevant. This intervention was successful; 
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• No homework was given (AI30), and no specific interview question relates to this 

aspect directly, however, students enjoyed the structure of the practical session (code 

47). This was a successful intervention; 

• Incentives (AI31) motivated participants to complete activities within the course, with 

the agreement of all participants (code 23). Participants view incentives as an easy 

way to get marks (code 22). This was a successful intervention; 

• The explicit reflection activities (AI33) after each in-class activity were completed by 

all participants except one (P6), and helped participants to reflect about current 

misconceptions or lack of knowledge about concepts (code 50). P6 feels that he/she 

did not need to complete the reflection because he/she understood the content well 

(code 49). This was a successful intervention; 

• The additional developed study guides (AI34) are seen as relevant by all participants 

(code 56). One participant felt that the font was too small (code 55), which does not 

influence the relevance of this material. This was a successful intervention; 

• The group project (AI35) with two members was enjoyable (code 13) and group 

members helped each other in terms of understanding of concepts (code 14). This 

also indicates readiness for peer programming (PI6), which will be pursued in future 

studies. This was a successful intervention. 

Table 8.15 shows conclusions that are reached through the analysis of codes based on 

the PSLE instructional approach followed. The codes are linked to each PSLE aspect in 

terms of positive feedback in favour of the aspect or negative feedback not in favour of 

the aspect. 
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Table 8.15: Mapping codes to PSLE aspects for AR cycle 4 

PSLE aspect Codes + Codes - 

Authentic problems 

Relevance of course 5, 6 7 

AI13: More assessment opportunities 
29, 31, 34, 35, 36, 37, 
38, 70, 63, 64, 65, 66, 
67, 68, 69 

 

Information processing 

AI5: Class assistants assist within the 
practical class to correct non-viable 
mental models 

2, 3 1 

AI11: SI 52, 53, 54  

AI13: More assessment opportunities 
29, 31, 34, 35, 36, 37, 
38, 70, 63, 64, 65, 66, 
67, 68, 69 

 

AI19: Chapter summaries in notebook 44, 45  

AI21: Peer/individual worksheets 71, 72, 73, 75, 76 74 

AI22: Quiz game in class (Kahoot!) 24, 25, 26, 27  

AI23: Student-led practical sessions 46, 47, 48  

AI24: Graded in-class activities 11 12 

AI28: Handwritten class tests 16, 17  

AI29: Prescribe new textbook 56, 58 55 

AI30: Homework moves to in-class 
activities 

29, 31, 34, 35, 36, 37, 
38, 70, 63, 64, 65, 66, 
67, 68, 69 

 

AI31: Incentives  21, 22, 23  

AI34: Develop study material 56, 58  

AI35: Group project (two members) 13, 14  

Scaffolding 

Instructional design 
29, 31, 34, 35, 36, 37, 
38, 70, 63, 64, 65, 66, 
67, 68, 69 

 

AI18: Theory session 32, 59, 60, 61 39, 62 
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Table 8.15: Mapping codes to PSLE aspects for AR cycle (continued) 

PSLE aspect Codes + Codes - 

Reflection 

AI25: Feedback to students about 
misconceptions (AI24) 8 9, 10 

AI26: Feedback to lecturer about 
misconceptions (AI24) N/A N/A 

AI33: Explicit reflection after each activity 50 49 
 

The course is relevant for all participants (code 5, code 6). One participant (P5) indicated 

he/she thinks that the specific database engine (SQL) is not relevant for him/her. 

The current instructional design is overall perceived as positive, enjoying to be challenged 

(code 34), with many participants suggesting no changes and being satisfied (code 37). 

Students feel that they coped well with the workload for UIP 2 (code 70). 

Not all codes form part of the instructional approach based on PSLE. Other codes that 

represent the conditioned views of participants, which are not part of Table 8.15, can be 

categorised as: 

• More group work is not desired in large groups with more than two members (code 

43);   

• Lecturer engagement was high according to all participants (code 28), and participants 

appreciate the high level of engagement (code 30 and code 33); 

• The layout (code 41) and content (code 40) of the course’s lessons page on eFundiTM 

are logical and very relevant; 
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• P4 failed UIP 2 (cycle 2) and repeated the course. A discussion about reasons why 

he/she failed the course followed the initial interview. Main reasons included not 

attending class regularly (code 19) and because of external factors (code 20). P4 also 

mentions that the instructional design changes from UIP 2 cycle 1 and cycle 2 to the 

current cycle made a positive difference (code 4); for example, the theory sessions 

helped with understanding of concepts (code excerpt 7) and that skills taught in the 

current cycle are used in other courses (code 48). 

Coding excerpt 7: Response to “Did the theory class help you to form an 
understanding of the concepts in UIP 2?” 

P4 
Codes: Theory session were helpful, theory session were necessary in order to 
understand. Theory sessions helped me to remember the content, UIP 2 cycle 1 did 
not have a theory class, just crammed code without understanding 
RESEARCHER: Did the theory class help you to form an understanding of the 
concepts in UIP 2? 
P4: Yes, it did a lot, because the first time when I, before, when I repeated it, I couldn’t 
understand, I was just cramming through.  I didn’t understand why are we doing this, it 
was just okay, this is how you are supposed to do it, just do.  So with the theory class, 
it helped to understand why do this or no, you actually have more options rather than 
using this and it made me understand C-Sharp more, better, actually better. 

 

This concludes the polemical views of the students. The lecturer’s rational perspective is 

presented in the next section. 

8.5.4 Representation, analysis and findings: Lecturer’s rational perspective 

The students’ performance and participation for cycle 4 are presented in this section in 

terms of formative assessment and reflection. Before each SU, the students had to 

complete notebooks (optional).  

The notebooks were optional and had to be completed before class. Optional notebooks 

were completed by 83% of students. An average grade of 50% was awarded for 

notebooks. Notebooks counted as an additional handwritten class test of which the best 

three out of four grades are used, and they contribute 30% towards the PM. 
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During theory class, worksheets and Kahoot! games were not graded, but were integrated 

interactive activities. In the practical sessions, practical programming activities were 

completed, graded and feedback was given when relevant. Table 8.16 shows the 

performance and participation for the practical class work activities that were graded.  

Table 8.16: Practical class work activities submitted (AR cycle 4) 

Study unit Class work Performance Participation 
rate 

SU 1: Advanced graphical user interfaces 
(multiple document interface, menus, child 
forms) 

SU 1: Activity 1 62% 78% 

SU 2: Databases (SQL classes; 
DataReader; DataSet; DataAdapter and 
TableAdapter classes; and manipulating 
SQL server databases) 

SU 2: Activity 1 63% 87% 

SU 2: Activity 2 51% 71% 

SU 2: Activity 3 53% 69% 

SU 2: Activity 4 57% 84% 

SU 2: Activity 5 54% 78% 

SU 2: Activity 6 67% 84% 

SU 2: Activity 7 75% 70% 

SU 2: Activity 8 78% 81% 

SU 3: Web applications (Use ASP.NET to 
create web applications; create and 
configure Web Forms applications; add 
HTML and Web Forms server controls; 
validation; cookies; and session variables) 

SU 3: Activity 1 68% 67% 

SU 3: Activity 2 79% 63% 

SU 3: Activity 3 75% 84% 

SU 3: Activity 4 64% 73% 

SU 3: Activity 5 39% 57% 

SU 3: Activity 6 57% 69% 
 

The average grades for the handwritten class tests are given in Table 8.17. The best two 

out of three contribute 30% towards the PM if no notebooks were completed, and the best 

three out of four if notebooks were completed.  
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Table 8.17: Class average for handwritten class tests (AR cycle 4) 

Unit of work Handwritten 
test 

Average 
score  

SU 1: Advanced graphical user interfaces (multiple document 
interface, menus, child forms) 
SU 2: Databases (SQL classes; DataReader; DataSet; 
DataAdapter and TableAdapter classes; and manipulating SQL 
server databases) 

1 74% 

SU 3: Web applications (Use ASP.NET to create web applications; 
create and configure Web Forms applications; add HTML and Web 
Forms server controls; validation; cookies; and session variables) 

2 56% 

SU 1, SU 2, SU 3  3 39% 
 

The performance and participation rates for reflection activities for SU 2 are given in Table 

8.18. 

Table 8.18: Reflection activity performance and participation for SU 2 (AR 

cycle 4) 

Study unit Reflection 
activity Performance Participation 

rate 

SU 2: Databases (SQL classes; 
DataReader; DataSet; DataAdapter and 
TableAdapter classes; and manipulating 
SQL server databases) 

SU 2: Activity 1 100% 37% 

SU 2: Activity 2 100% 49% 

SU 2: Activity 3 100% 20% 

 

Because of a low participation rate for reflection activities, the submissions for the in-class 

activity and reflection were combined into one submission in the form of tests and quizzes 

where the first questions force the student to complete the reflection questions before 

submission of the in-class activity is allowed. The participation rate then increased to 

100% of students who submitted in-class activities. 
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The best 80% of the practical activities counted 80% towards the 25% for practical- and 

reflective activities. The best 50% of reflection activities counted towards the remaining 

20% for practical- and reflective activities.  

One semester test was written and contributes 30% towards the PM. The average scores 

for the semester test are given in Table 8.19. 

Table 8.19: Class average for semester test (AR cycle 4) 

Unit of work Average 
score 

SU 1: Advanced graphical user interfaces (multiple document interface, menus, 
child forms) 
SU 2: Databases (SQL classes; DataReader; DataSet; DataAdapter and 
TableAdapter classes; and manipulating SQL server databases) SU 3: Processing 
data (Reading input with textbox controls; understand variables; perform 
calculations; format numeric output; exception handling; named constants; 
declaring fields; Math class; fine-tuning the GUI; and using the debugger). 
SU 3: Web applications (Use ASP.NET to create web applications; create and 
configure Web Forms applications; add HTML and Web Forms server controls; 
validation; cookies; and session variables) 

64% 

 

The students completed a project in groups of two based on web applications, which 

contributes 25% to the PM. The average grade for the project is given in Table 8.20. 

Table 8.20: Average grade for project (AR cycle 4) 

Unit of work Average 
score 

SU 2: Databases (SQL classes; DataReader; DataSet; DataAdapter and 
TableAdapter classes; and manipulating SQL server databases) SU 3: Processing 
data (Reading input with textbox controls; understand variables; perform calculations; 
format numeric output; exception handling; named constants;  declaring fields; Math 
class; fine-tuning the GUI; and using the debugger). 
SU 3: Web applications (Use ASP.NET to create web applications; create and 
configure Web Forms applications; incorporate database handling; add HTML and 
Web Forms server controls; validation; cookies; and session variables) 

90% 
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In terms of SI, 11 sessions were planned and held. Of the 86 students, 30 students 

attended SI on different occasions and 18 students attended SI more than once. 

The final course grades are given in Table 8.21, including the average grades for the PM, 

examination 1 and 2, and the final course grade. The percentage of students who passed 

is also indicated. 

Table 8.21: UIP 2 course results (AR cycle 4) 

Grade Average grade Students passed 

PM 66% 100% 

Examination 1 77% 100% 

Examination 2 49% 50% 

Final course grade 76% 98% 
 

Success is measured by satisfaction, engagement and performance. The current 

lecturer’s perception within UIP 2 is listed in terms of the following items: 

• The class assistants (AI5) as an intervention were successful from the lecturer’s 

perspective. The assistance within each practical were efficient, having enough 

assistants to assist a querying student within minutes. The assistants also helped with 

grading and feedback, which would have increased the workload tremendously if the 

lecturer had to complete it; 

• SI sessions (AI11) were successful as an intervention from the lecturer’s perspective. 

As discussed above, 19 students attended SI more than once; 

• The number of assessment opportunities (AI13) as an intervention is successful 

because it alleviates pressure. Students have the opportunity to not complete the last 

in-class activities or class tests if they feel that their marks are high enough. They can 

then spend time on other courses if necessary. Students also have an opportunity to 

miss a class; for example, due to illness, without having a great effect on their grades; 
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• Theory sessions (AI18) were interactive and helped students to form mental models. 

From a lecturer’s perspective, it was successful; 

• The optional chapter summaries made before each study unit in student notebooks 

(AI19) helped students to remember and internalise concepts and students were often 

seen with notebooks during the practical class with 83% of students completing the 

optional notebook; 

• The peer/individual worksheets (AI21) improved social interaction in class and 

students were more engaged in discussions about the content with one another as 

well as with the lecturer. It also helped to scaffold concepts and is therefore seen as 

successful according to the lecturer; 

• Kahoot! games (AI22) played in class improved engagement in class. Students were 

very excited to play the quiz at the end of a theory session. Reflection was also 

possible during Kahoot! games to address any misconceptions after each question. 

This intervention was successful; 

• The structure of the practical session (AI23) worked well. The lecturer had more time 

to engage individually with students, correcting non-viable mental models. The 

students were self-directed and worked actively throughout the session. This 

intervention was successful; 

• Graded activities (AI23) seemed to have had a positive effect on participation rates, 

with most participation rates being high. Feedback provided (AI24) was often queried 

when students did not agree or understand, which triggered further explanations of 

concepts where needed. Both the feedback and the graded activities were successful 

interventions; 
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• The feedback (AI28) received from the class assistants on Google Forms about each 

in-class activity was very helpful, directing the SI sessions as well as additional 

explanations in the following contact sessions. This was a successful intervention; 

• Handwritten class tests (AI29) were perceived as a successful intervention because 

students had to study harder because they could not rely on the compiler to point out 

errors. Handwritten tests are considered a successful intervention; 

• No homework was given (AI30), rather in-class activities. From the lecturer’s 

perspective, this improved lecturer engagement since practical sessions were purely 

working sessions. Participation rates for activities were satisfactory. Therefore, this 

was a successful intervention; 

• Incentives (AI31) motivated participants to complete activities within the course. 

Participation for notebooks was 78% and participation for in-class activities and 

quizzes was also high. This was a successful intervention; 

• The explicit reflection activities (AI33) after each in-class activity were completed by 

most participants after the change in submission process. Students did not enjoy 

completing this activity probably because they had to think deep to reflect; 

nevertheless, the lecturer feels that this was a successful intervention; 

• The additional developed study guides (AI34) were used well without any issues in 

class. This was a successful intervention; 

• The group project (AI35) with two members was perceived as successful. Students 

interacted well during class time scheduled to work on the project. This was a 

successful intervention. 

The success of interventions from the lecturer’s perspective is given in Table 8.21.  
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Table 8.22: Students’ perceptions of the success of actual interventions used 

for AR cycle 4 

 

Table 8.23 shows conclusions that are reached by analysis of the lecturer’s perspective 

based on the PSLE instructional approach followed.  

  

Actual interventions Success 

AI5: Class assistants assist within the practical class to correct non-viable 
mental models Yes 

AI11: SI Yes 

AI13: More assessment opportunities Yes 

AI18: Theory session Yes 

AI19: Chapter summaries in notebook Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI24: Graded in-class activities Yes 

AI25: Feedback to students about misconceptions (AI24) Yes 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

AI28: Handwritten class tests Yes 

AI29: Prescribe new textbook Yes 

AI30: Homework moves to in-class activities Yes 

AI31: Incentives  Yes 

AI33: Explicit reflection after each activity Yes 

AI34: Develop study material Yes 

AI35: Group project (two members) Yes 
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Table 8.23: Students’ perceptions of the success of actual interventions used 

for AR cycle 4 

PSLE aspect Success 

Authentic problems 

Relevance of course Yes 

AI13: More assessment opportunities Yes 

Information processing 

AI5: Class assistants assists within the practical class to 
correct non-viable mental models Yes 

AI11: SI Yes 

AI13: More assessment opportunities Yes 

AI19: Chapter summaries in notebook Yes 

AI21: Peer/individual worksheets Yes 

AI22: Quiz game in class (Kahoot!) Yes 

AI23: Student-led practical sessions Yes 

AI24: Graded in-class activities Yes 

AI28: Handwritten class tests Yes 

AI29: Prescribe new textbook Yes 

AI30: Homework moves to in-class activities Yes 

AI31: Incentives  Yes 

AI34: Develop study material Yes 

AI35: Group project (two members) Yes 

Scaffolding 

Instructional design Yes 

AI18: Theory session Yes 

Reflection 

AI25: Feedback to students about misconceptions (AI24) Yes 

AI26: Feedback to lecturer about misconceptions (AI24) Yes 

AI33: Explicit reflection after each activity Yes 
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The analysis and findings presented here for the lecturer’s perspective are used in the 

next section in combination with the findings for the students’ perspectives to conclude the 

findings for AR cycle 4.  

All learning is specified next in terms of the evaluation done. 

8.6 Specify learning 

From a critical systems perspective, sweeping in (Ulrich) any relevant information about 

the problematical situation of learning to program in order to understand as many 

conditioned views as possible is used to specify learning in this section. In order to move 

closer towards the totality of conditions, the polemical views of the students are presented 

in the analysis of formal interviews (§ 8.5.3), and the lecturer’s perspective (§ 8.5.4) with 

consideration of student performance and participation is represented. This section 

concludes with guidelines to improve the programming skills of students using a critical 

systems approach. 

Success is measured by satisfaction, engagement and performance. The overall success 

of actual interventions used for this study during cycle 4 is presented in Table 8.24, which 

consolidates the students’ perspectives (Table 8.14) and the lecturer’s perspective (Table 

8.23) on the success of actual interventions. An intervention’s overall success is 

determined as follows: 

• Yes and Yes = Yes; 

• Yes and No = Unsure; 

• No and No = No; 

• Unsure and No = No; 

• Unsure and Yes = Unsure. 
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Table 8.24: Actual interventions for AR cycle 4 from action planning 

 

The complete intervention table for all cycles is provided in Table 8.25. 

Actual interventions 
Student  

on 
success 

Lecturer 
on 

success 

Overall 
success 

Introduced 
in cycle? 

AI5: Class assistants assist within the 
practical class to correct non-viable 
mental models 

Yes Yes Yes C1 

AI11: SI Yes Yes Yes C1 

AI13: More assessment opportunities Yes Yes Yes C2 

AI18: Theory session Yes Yes Yes C3 

AI19: Chapter summaries in notebook Yes Yes Yes C3 

AI21: Peer/individual worksheets Yes Yes Yes C3 

AI22: Quiz game in class (Kahoot!) Yes Yes Yes C3 

AI23: Student-led practical sessions Yes Yes Yes C3 

AI24: Graded in-class activities Yes Yes Yes C3 

AI25: Feedback to students about 
misconceptions (AI24) Unsure Yes Unsure C3 

AI26: Feedback to lecturer about 
misconceptions (AI24) N/A Yes Yes C3 

AI28: Handwritten class tests Yes Yes Yes C3 

AI29: Prescribe new textbook Yes Yes Yes C3 

AI30: Homework moves to in-class 
activities Yes Yes Yes C3 

AI31: Incentives  Yes Yes Yes C3 

AI33: Explicit reflection after each 
activity Yes Yes Yes C4 

AI34: Develop study material Yes Yes Yes C4 

AI35: Group project (two members) Yes Yes Yes C4 
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Table 8.25: Actual interventions for all cycles 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI1: Read a chapter before each 
study unit PI3: Prepare before class No C1 

AI2: Watch tutorial videos PI2: Tutorial videos No C1 

AI3: Concept quiz before study unit 
PI1: Formative 
assessments  
PI3: Prepare before class 

Yes C1 

AI4: Lecturer completes an example 
with class N/A Unsure C1 

AI5: Class assistants assists within 
the practical class to correct non-
viable mental models 

PI5: Peer-assisted 
learning  
PI6: Pair programming 

Yes C1 

AI6: Provide suggested solution to 
example (AI4) 

PI1: Formative 
assessments Unsure C1 

AI7: Provide ungraded suggested 
solution for in-class activity 

PI1: Formative 
assessments Unsure C1 

AI8: Provide ungraded suggested 
solution for homework activity 

PI1: Formative 
assessments Unsure C1 

AI9: Provide graded suggested 
solutions and feedback for 
assignments 

PI1: Formative 
assessments Unsure C1 

AI10: Additional contact session N/A Unsure C2 

AI11: SI PI5: Peer-assisted 
learning Yes C2 

AI12: Lecturer “how-to” notes Inspired by PI4: Cheat 
sheets Yes C2 

AI13: More assessment opportunities PI1: Formative 
assessments Yes C2 

AI14: Cheat sheets PI4: Cheat sheets No C2 

AI15: Request to lecture UIP 1 N/A Yes C2 

AI16: Intervention talk N/A Yes C2 

AI17: Count textbooks N/A Yes C2 

AI18: Theory session N/A Yes C3 
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Table 8.25: Actual interventions for all cycles (continued) 

Actual intervention Link to PI (§ 4.4.3.3) Success Introduced 
in cycle? 

AI19: Chapter summaries in 
notebook 

PI3: Prepare before class 
PI4: Cheat sheets 

Yes C3 

AI20: Create tutorial videos PI2: Tutorial videos Yes C3 

AI21: Peer/individual worksheets 

PI5: Peer-assisted 
learning  
Inspired by PI6: Pair 
programming 

Yes C3 

AI22: Quiz game in class (Kahoot!) PI1: Formative 
assessments Yes C3 

AI23: Student-led practical sessions N/A Yes C3 

AI24: Graded in-class activities PI1: Formative 
assessments Yes C3 

AI25: Feedback to students about 
misconceptions (AI24) 

PI1: Formative 
assessments Unsure C3 

AI26: Feedback to lecturer about 
misconceptions (AI24) 

PI1: Formative 
assessments Yes C3 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) 

PI1: Formative 
assessments Unsure C3 

AI28: Handwritten class tests PI1: Formative 
assessments Yes C3 

AI29: Prescribe new textbook N/A Yes C3 

AI30: Homework moves to in-class 
activities 

PI1: Formative 
assessments Yes C3 

AI31: Incentives  N/A Yes C3 

AI32: Feedback within group for 
video 

PI1: Formative 
assessments  
PI2: Tutorial videos 

No C3 

AI33: Explicit reflection after each 
activity 

PI1: Formative 
assessments Yes C4 

AI34: Develop study material N/A Yes C4 

AI35: Group project (two members) 
PI5: Peer-assisted 
learning  
PI6: Pair programming 

Yes C4 
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Overall, the PSLE-based instructional design is seen as a success, with most interventions 

confirmed as successful in Table 8.25 from the students’ polemical- and the lecturer’s 

rational perspectives. The pass rate between cycle 2 and cycle 4 increased from 86% 

(Table 6.22, § 6.5.4) to 98% (Table 8.21) for UIP 2 in cycle 4. The instructional design was 

perceived as positive by the students (codes 29, 31, 34, 35, 36, 37, 38, 70, 63, 64, 65, 66, 

67, 68, 69) and by the lecturer (§ 8.5.4).  

Learning from the current cycle is specified in terms of guidelines to improve the 

programming skills of students using a critical systems approach. From a critical systems 

perspective, reflecting on the success of interventions, only one intervention was uncertain 

for cycle 4, AI25: Feedback to students about misconceptions (AI24), which was 

successful in cycle 3 (Table 7.24, § 7.6). Because of the success of the interventions in 

cycle 4, no adaptions or additions will be made to the current guidelines. The suggested 

interventions for UIP 2 are therefore provided in Table 8.26. 

Table 8.26: Suggested interventions for UIP 2 course 

  

Actual interventions Overall 
success 

Introduced 
in cycle? 

AI5: Class assistants assist within the practical class to correct 
non-viable mental models Yes C1 

AI11: SI Yes C1 

AI13: More assessment opportunities Yes C2 

AI18: Theory session Yes C3 

AI19: Chapter summaries in notebook Yes C3 

AI21: Peer/individual worksheets Yes C3 

AI22: Quiz game in class (Kahoot!) Yes C3 

AI23: Student-led practical sessions Yes C3 

AI24: Graded in-class activities Yes C3 

AI25: Feedback to students about misconceptions (AI24) Unsure C3 

AI26: Feedback to lecturer about misconceptions (AI24) Yes C3 

AI28: Handwritten class tests Yes C3 
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Table 8.26: Suggested interventions for UIP 2 course (continued) 

 

The suggested instructional design is provided in Table 8.27.

Actual interventions Overall 
success 

Introduced 
in cycle? 

AI29: Prescribe new textbook Yes C3 

AI30: Homework moves to in-class activities Yes C3 

AI31: Incentives  Yes C3 

AI33: Explicit reflection after each activity Yes C4 

AI34: Develop study material Yes C4 

AI35: Group project (two members) Yes C4 
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Table 8.27: Suggested instructional design for UIP 2 course 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Student preparation before contact session 

AI19: Chapter summaries in notebook PSLE2: Information processing Decomposition, abstraction, 
algorithms, debugging, iteration 

Participation during one 1.15-hour theory session 
AI18: Theory session 

All 
Decomposition, abstraction, 
algorithms, debugging, iteration 
 

AI21: Peer/individual worksheets 

AI22: Quiz game in class (Kahoot!) 

Participation during one 3-hour practical session 
AI23: Student-led practical sessions All 

Decomposition, abstraction, 
algorithms, debugging, iteration 
 

AI24: Graded in-class activities All 

AI5: Class assistants assist within the practical class to 
correct non-viable mental models 

PSLE2: Information processing 
PSLE3: Scaffolding 

Reflection/revision after contact session 
AI11: SI PSLE2: Information processing Decomposition, abstraction, 

algorithms, debugging, iteration 
 

AI25: Feedback to students about misconceptions (AI24) PSLE4: Reflection 

AI26: Feedback to lecturer about misconceptions (AI24) PSLE4: Reflection 
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Table 8.27: Suggested instructional design for UIP 2 course (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Reflection/revision after contact session 
AI30: Homework moves to in-class activities PSLE2: Information processing Decomposition, abstraction, 

algorithms, debugging, iteration AI33: Explicit reflection after each activity PSLE4: Reflection 

Formative assessment 
AI13: More assessment opportunities 
AI24: Graded in-class activities; best 80% contribute 80% 
towards the 25% for practical- and reflective activities 
AI33: Explicit reflection after each activity. The best 50% of 
reflection activities contribute 20% towards the 25% for 
practical- and reflective activities 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, 
algorithms, debugging, iteration, 
generalisation 

AI13: More assessment opportunities 
AI28: Handwritten class tests. Best two out of three or, with 
notebook, best three out of four contribute 30% towards a 
student’s PM 
AI19: Chapter summaries in notebook can count as 
additional test 

One semester test contributes 20% towards the PM 

AI35: Group project (two members) contributes 25% 
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Table 8.27: Suggested instructional design for UIP 2 course (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Summative assessment 

Three-hour practical examination (contributes 50% towards 
course mark). 
 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, 
algorithms, debugging, iteration, 
generalisation 

 

The final guidelines to improve the programming skills of students using a critical systems approach are given in Table 8.28. 
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Table 8.28: Guidelines to improve the programming skills of students using a 
critical systems approach 

 

The purpose of this cycle was to close the gap between the instructional approach as well 

as knowledge between UIP 1 and UIP 2 (Table 6.26). The lecturer presented the UIP 1 

course as part of the intervention for cycle 2, and will now present UIP 2 again to test the 

Guideline 
reference Guideline 

C1GL1: Prior 
learning 

Prior learning must be in place, more specifically, existing viable mental 
models that can influence a student’s lack of engagement and seemingly 
lack of responsibility. 

C1GL2: Information 
processing 

Sufficient information processing activities should be included to 
promote problem-solving, viable mental model construction and 
abstraction. 

C1GL3: Scaffolding Attention should be given to scaffold the concepts presented to promote 
problem-solving, viable mental model construction and abstraction. 

C1GL4: Relevant 
study material 

Students must have the relevant study material in order to promote 
engagement, preparation and viable mental models and reduce the 
influence of natural language on misconceptions. 

C1GL5: Sufficient 
contact time 

Sufficient contact time is necessary to explain, scaffold and practise 
concepts. 

C1GL6: Social 
interaction Activities promoting social interaction have to be incorporated. 

C1GL7: External 
pressure 

Activities should be planned carefully, since external pressure has a 
negative effect on students’ time management. 

C1GL8: Self-critical 
reflection 

Self-critical reflection by the lecturer on knowledge and instruction in 
order to improve instructional design. 

C2GL9: Lecturer 
engagement The lecturer should engage with students. 

C2GL10: Incentives Attach incentives such as marks or feedback to activities to encourage 
participation. 

C2GL11: 
Opportunity to 
discover content 

Create opportunities for students to explore the content of the course. 

C3GL12: Explicit 
reflection 

Include activities promoting explicit reflection on current mental 
constructions. 
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guidelines developed. Cycle 4 initiates with the guidelines developed here to improve the 

programming skills of students using a critical systems approach. 

8.7 Summary 

This chapter introduced the fourth AR cycle and its link to the Kantian concept of reason. 

The diagnosis phase initiated with the guidelines from cycle 3 and suggested intervention 

requirements that are used to plan the intervention. The intervention is planned according 

to each guideline and intervention requirement considering possible interventions 

identified in Chapter 4. The action plan is further specified in terms of the preparation 

before, participation during and reflection after contact sessions, including formative and 

summative assessments. 

The action plan is executed and the evaluation takes place in terms of striving towards the 

totality of conditioned realities through the representation of conditioned realities of the 

involved and affected students. Students’ performance and participation are provided, and 

finally, the lecturer’s perspective is presented. 

This chapter concludes with specifying learning in terms of successful interventions and 

guidelines to be followed in order to improve the programming skills of students using a 

critical systems approach. 

.
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CHAPTER 9: CONCLUSION AND EVALUATION 

9.1 Introduction 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, is used to 

develop the potential of the students and to develop an instructional design for user 

interface programming. This chapter discusses the contributions made by each chapter 

towards the objectives of this study (§ 9.2). The final contribution made in terms of an 

instructional design and guidelines is also given (§ 9.3). This is followed by reflection given 

by the researcher on contributions and learning that took place based on the FMA model 

for this study (§ 9.4). An evaluation of the adherence to principles and criteria for critical -

, interpretive -, and action research is given along with the limitations of the study (§ 9.5). 

The opportunities for future research are discussed (§ 9.6) and finally, this thesis is 

concluded (§ 9.7). 

9.2 Summary of contributions made by each chapter towards the objectives of 

this study 

This section summarises each chapter’s contributions made towards the objectives of this 

study. 

9.2.1 Chapter 1: Introduction to this study 

In Chapter 1, the study was introduced, providing key concepts of the study. The following 

objectives have been formulated for the study: 
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9.2.1.1 Primary objective 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective, is used to develop the potential of the students and to develop 

an instructional design for user interface programming. 

9.2.1.2 Theoretical objectives 

In order to achieve the primary objective, literature reviews are completed in order to gain 

better insight into the following: 

• Critical systems methodologies; 

• Computational thinking and programming concepts; and 

• Barriers that students encounter while learning to program. 

The theoretical objectives translate into chapters, which are discussed later. 

9.2.1.3 Empirical objectives 

In order to achieve the primary objective, empirical data was collected in each of the action 

research phases in a cyclical process, as follows: 

1. Problem exploration and diagnosis 

(a) Identifying oppressing structures within a programming course in terms of the 

learning environment via interviews inspired by critical systems (Ulrich). 

(b) Measuring students’ understanding of programming concepts learned through 

the completion of concept tests. 

2. Planning intervention 

(a) Designing intervention strategies informed by literature. 
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3. Action taking 

(a) Implementing an intervention plan. 

4. Evaluation 

(a) Measuring students’ understanding of programming concepts learned through 

concept tests and supplemented by interviews. 

5. Specify learning 

(a) Reflecting on students’ programming skills performance and experience, 

through recording guidelines on how to improve students’ programming skills 

using computational thinking skills following a critical systems approach, 

translates into chapters that are discussed later. 

9.2.2 Chapter 2: Research methodology and plan 

In this chapter, the research paradigm was selected because this study aims to learn 

through instructional design changes, and fits directly into the epistemological assumption 

of critical social theory research. The ontological assumption for this study was provided: 

That every student comes to the programming classroom with his/her own perspective as 

well as oppression. For the researcher (and lecturer), as an agent of change, the individual 

emancipation or improvement in programming skills of students is the end goal. 

The action research cycle for this study was given and discussed (Figure 9.1), which 

becomes chapters later in the study. 
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Figure 9.1: The AR cycle for this study based on Susman and Evered 

(1978:588) 

The research plan (Figure 9.2) was developed in order to address every objective as listed 

in the previous section. The research plan was executed. Critical systems methodologies 

are discussed next. 
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9.2.3 Chapter 3: Critical systems thinking methodologies 

The primary objective for this study is to improve the programming skills of students using 

critical systems thinking. This chapter performs a literature review on critical systems 

thinking methodologies, which contributes directly to the primary objective as well as the 

theoretical objective, of gaining insight into the critical systems methodologies of this 

study. This chapter’s contribution includes the historical development of critical systems 

methodologies explaining Ulrich’s systems ideas, based on the Kantian view of knowledge 

and reason. This implies that the ontological assumption was made that each student 

brings his/her own frame of reference or conditioned reality to the classroom. Each student 

also experiences phenomena differently according to his/her conditioned view. Within this 

study, the more conditioned views are understood, the clearer the phenomenon (learning 

to program) will become.  

A broader understanding enables the lecturer to provide a more accommodative learning 

environment, which directly impacts the main objective of this study, which is to improve 

the programming skills of students using critical systems thinking. In order to achieve this, 

computational thinking, from a constructionist perspective is to develop the potential of the 

students and to develop an instructional design for user interface.  

Kant’s three questions as motivation in the quest to search for knowledge (What do I 

know? What ought I to do? What may I hope?) were used as part of each AR cycle. The 

question, “What do I know?” translates to the diagnosis phase of AR; “What can I do?” 

forms part of (action) planning the intervention, and “If I do what I ought to do, what may I 

then hope?” forms part of the evaluation phase of AR. 

As a methodology, the underlying assumption of individual emancipation of critical 

systems thinking was more important in this study than other methodologies (TSI, LSI, 

CSP and CSH). Individual emancipation is the main objective of this study as the title 

suggests: “Improving the programming skills of students: A critical systems approach”. 

Emancipation is viewed in terms of the development of the full potential of each individual 

student.  
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In this study, a critical systems approach was followed with the aim of individual 

emancipation within a programming course and to improve the instructional design.  

As an area of application, CSH-inspired aspects were most helpful in this study when 

applied to improving programming skills, in particular, focusing on the work of Ulrich 

interpreting Kant’s ideas, as listed below:  

(a) Sweeping in about the problematical situation of learning to program in order to 

understand as many conditioned views as possible striving towards the totality of 

conditioned realities; 

(b) Being a witness for the affected, providing the affected with a voice; in this case, the 

lecturer represented the affected students and acted as witness on their behalf 

(Figure 9.2). 

 

Figure 9.2: Bearing witness for the affected 

Critical systems thinking provided the framework of ideas that allowed the researcher as 

lecturer to develop the programming skills of the students in order to enable them to reach 

their full potential. 

A literature study followed based on the cognitivist perspectives when learning to program 

and is discussed next. 
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9.2.4 Chapter 4: Cognitivist perspectives in learning to program 

The main objective of this study is to improve the programming skills of students using 

critical systems thinking. In order to achieve this, computational thinking, from a 

constructionist perspective is used to develop the potential of the students and to develop 

an instructional design for user interface programming. This chapter contributed directly 

towards the main objective since this chapter identified a theoretical framework and 

methodology in order to learn how to program as well as difficulties faced when learning 

to program. This chapter also contributed towards the theoretical objectives: 

computational thinking and programming concepts; and barriers that students encounter 

while learning to program. 

A constructionist instructional approach, which involves a problem-solving learning 

environment (PSLE) deeply rooted within constructivism, was used in order to foster 

computational thinking skills within the programming classroom, as suggested by Lye and 

Koh (2014:59). The components of the PSLE include authentic problems, information 

processing activities, scaffolding and reflection (Table 9.1). 

Table 9.1: PSLE components for instructional design, summarised from Lye 

and Koh (2014:59) 

PSLE component  Description 

PSLE1: Authentic 
problems 

Problems should be set within context with regard to the students. 
Students tend to be more engaged on an intellectual level in the learning 
process when the problem is relevant to them. 

PSLE2: Information 
processing 

Computational concepts are acquired through information processing 
techniques that focus on mental model constructions; therefore, 
constructivism (see section 4.5). Certain strategies can aid the students 
in processing information, for example linking to prior learning through 
the use of metaphors; cognitive conflict strategies; and reducing 
cognitive load by providing partly completed programs. 

PSLE3: Scaffolding 

Scaffolding the program construction into smaller more manageable 
tasks. This step can potentially develop and foster all three dimensions 
of computational thinking (concepts, practices and perspectives). This 
step is based on the constructionism process where meaningful 
products are built for themselves or others as an end result of 
continuous knowledge construction.   
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Table 9.1: PSLE components for instructional design, summarised from Lye 

  and Koh (2014:59) (continued) 

PSLE component  Description 

PSLE4: Reflection 

Students reflect on computational processes and their programming 
process, either by self-reflection or peer-reflection. Reflection allows the 
student time to think about his/her own performance and potentially 
realising misconceptions and shortcomings. 

 

Constructionist guidelines as suggested by Ben-Ari (2001:68) were followed as part of 

information processing in computational thinking (Table 9.2). 

Table 9.2: Constructivist guidelines to improve information processing of 

students, summarised from Ben-Ari (2001:68) 

Guidelines 

Consider the desired cognitive change for students, plan accordingly (mere knowledge transfer is not 
sufficient). 

Determine prior knowledge needed and address shortcomings. 

Present viable mental models at a suitable level to ensure abstraction. 

Facilitate the process of modifying non-viable mental models. 

Ensure individual reflection & social interaction. 

 

From a literature review, the researcher identified challenges that students face when 

learning to program as: 

• Poor problem-solving skills; 

• Task complexity and cognitive load; 

• Natural language; 

• Poor abstraction ability (math ability, inadequate strategies and patterns); 

• Poorly constructed mental models; 
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• Environmental factors; and 

• Lecturers’ instruction and knowledge. 

The challenges faced by students when learning to program were addressed using the 

PSLE as shown in Table 9.3. 

Table 9.3: Addressing learning to program challenges within computational 

thinking (PSLE) 

PSLE guideline Problems to be addressed as in literature 

PSLE1: Authentic 
problems 

Problem-solving, task complexity and cognitive load 

PSLE2: Information 
processing 

Problem-solving, task complexity and cognitive load, natural language, 
mental models, abstraction, cognitive levels of understanding 

PSLE3: Scaffolding Abstraction, problem-solving, task complexity and cognitive load, mental 
models 

PSLE4: Reflection Cognitive levels of understanding, mental models, abstraction 

 

Possible interventions (Table 9.4), which were developed from literature by the researcher 

in preparation for the empirical portion of the study (AR cycles), were identified that could 

possibly address difficulties as identified in literature. 

Table 9.4: Possible interventions for challenges faced by students when 

learning to program (abbreviated from Table 4.12 (§ 4.4.3.3)) 

Reference Possible intervention 
Addresses the following 
challenge(s) (Chapter 4) 

Promotes the 
following 

computational 
thinking skills  

PI1: 
Formative 
assessments 

Formative assessment 
as reflection/ feedback 
(quizzes, assignments, 
semester test, other 
reflection activities) 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load and 
natural language 

Decomposition, 
abstraction, algorithms, 
debugging and iteration 
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Table 9.4: Possible interventions for challenges faced by students when 

learning to program (abbreviated from Table 4.12 (§ 4.4.3.3)) 

(continued) 

Reference Possible intervention 
Addresses the following 
challenge(s) (Chapter 4) 

Promotes the 
following 

computational 
thinking skills  

PI2: Tutorial 
videos 

Tutorial videos 
(discover content for 
themselves, active 
learning) 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load 

Abstraction 

PI3: Prepare 
before class 

Prepare unit of work 
before-hand (discover 
for themselves, active 
learning) 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load 

Decomposition, 
abstraction, algorithms, 
debugging and iteration 

PI4: Cheat 
sheets 

Cheat sheets (active 
learning) 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load 

Decomposition, 
abstraction, algorithms, 
debugging and iteration 

PI5: Peer-
assisted 
learning 

Peer-assisted learning, 
e.g. supplemental 
instruction and 
assistants 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load, 
environmental factors and 
natural language 

Decomposition, 
abstraction, algorithms, 
debugging, iteration and 
generalisation 

PI6: Pair 
programming Pair programming 

Non-viable mental 
models, poor abstraction 
ability, task complexity 
and cognitive load, 
environmental factors and 
natural language 

Decomposition, 
abstraction, algorithms, 
debugging, iteration and 
generalisation 

 

Computational thinking and possible interventions were used within the AR cycles to 

address the difficulties faced when learning to program. In Chapter 5, the first AR cycle 

took place and is discussed next. 
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9.2.5 Chapter 5: Action research cycle 1 – The revolt 

This chapter and the cycles that follow (Chapter 6, Chapter 7 and Chapter 8) embodied 

the empirical objectives in the form of AR cycles in order to achieve the primary objective. 

This chapter represented the first AR cycle, which attempted to improve the programming 

skills of UIP 2 students using a constructionist perspective (PSLE). The diagnosis was 

based on the previous chapter, which identified difficulties from literature. The actual 

interventions were planned within the PSLE in order to address difficulties identified in 

Chapter 4. The proposed instructional design for cycle 1 to improve the programming skills 

of UIP 2 students is presented in Table 9.5.
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Table 9.5: Instructional design for AR cycle 1 

Instructional Approach PSLE guidelines (§ 4.3.4) 
Promoting the following computational 

thinking skills 

Student preparation before contact session 

AI1: Read a chapter before each study unit. 

PSLE2: Information processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI2: Watch tutorial videos. Abstraction 

AI3: Concept quiz before study unit. Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during contact session (3 x 1.15 hour sessions)  

Two 1.15-hour contact sessions. All 

Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI4: Lecturer completes an example with class. 
AI6: Provide suggested solution to example (C1AI4). 
Give in-class activity, one problem per practical (2 
times a week). 

All 

AI5: Class assistants assists within the practical class 
to correct non-viable mental models. PSLE2: Information processing 
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Table 9.5: Instructional design for AR cycle 1 (continued) 

Instructional Approach PSLE guidelines (§ 4.3.4) 
Promoting the following computational 

thinking skills 

Reflection/revision after contact session 

AI7: Provide ungraded suggested solution for in-class 
activity on eFundiTM. PSLE4: Reflection Abstraction 

Students receive one homework activity per study 
unit.  
AI8: Provide ungraded suggested solution for 
homework activity on eFundiTM. 

PSLE4: Reflection Decomposition, abstraction, algorithms, 
debugging, iteration 

Formative Assessment 

Six quizzes (All contributes 10% towards PM). PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization Five assignments (All contribute 30% towards PM). 

Two semester tests (All contribute 60% towards PM). 

Summative Assessment 

3-hour practical examination (Contributes 50% 
towards course mark). 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization 
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This cycle ended unexpectedly, highlighting difficulties experienced by UIP 2 students. 

This cycle is referred to as the revolt, when students voiced their concerns and could not 

cope with the current instructional design. As a result, a new, longer list of difficulties 

(Table 9.6) was formulated, consolidating the polemical views of the students and the 

rational perspective of the lecturer (Table 9.6, cycle 1 actual difficulties) as well as the 

difficulties identified in literature.  

Table 9.6: Categorising actual difficulties in cycle 1 and difficulties in 

literature 

Cycle 1 actual difficulties 
(Table 5.17)  

Difficulties identified in 
literature (Chapter 4) Difficulties taken further 

Inadequate problem-solving 
skills 

Poor problem-solving skills 
Inadequate problem-
solving skills 

Non-viable mental models 
Poorly constructed mental 
models 

Non-viable mental models 

External factors 

Poor time management skills 
Environmental factors External factors 

Poor prior knowledge N/A Poor prior knowledge 

Limited textbook use N/A Limited textbook use 

Lack of responsibility for 
learning 

N/A 
Lack of responsibility for 
learning 

Lack of student engagement N/A 
Lack of student 
engagement 

Insufficient contact time N/A Insufficient contact time 

Lack of social interaction in 
class 

N/A 
Lack of social interaction in 
class 

N/A 
Task complexity and 
cognitive load 

Task complexity and 
cognitive load 

N/A Natural language Natural language 

N/A Poor abstraction ability Poor abstraction ability 

N/A 
Lecturer’s instruction and 
knowledge 

Lecturer’s instruction and 
knowledge 
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This cycle ended with more difficulties to address and it was translated into the first set of 

guidelines to improve the programming skills of students as given in Table 9.7. 

Table 9.7: Guidelines to improve programming skills of students using a 

critical systems approach (cycle 1) 

Guideline 
reference 

Guideline Linked to difficulties 
(Table 9.6) 

C1GL1: 
Prior 
learning 

Prior learning must be in place, more specifically, 
existing viable mental models that can influence a 
student’s lack of engagement and seeming lack 
of responsibility. 

Poor prior knowledge 

Non-viable mental models 

Lack of student engagement 

Lack of responsibility for 
learning 

C1GL2: 
Information 
processing 

Sufficient information processing activities should 
be included to promote problem-solving, viable 
mental model construction and abstraction. 

Inadequate problem-solving 
skills 

Non-viable mental models 

Poor abstraction ability 

C1GL3: 
Scaffolding 

Attention should be given to scaffold the concepts 
presented to promote problem-solving, viable 
mental model construction and abstraction. 

Non-viable mental models 

Task complexity and 
cognitive load 

Poor abstraction ability 

C1GL4: 
Relevant 
study 
material 

Students must have the relevant study material in 
order to promote engagement, preparation and 
viable mental models and reduce the influence of 
natural language on misconceptions. 

Limited textbook use 

Non-viable mental models 

Natural language 

C1GL5: 
Sufficient 
contact 
time 

Sufficient contact time is necessary to explain, 
scaffold and practise concepts. 

Insufficient contact time 

Non-viable mental models 

Task complexity and 
cognitive load 

C1GL6: 
Social 
interaction 

Activities promoting social interaction have to be 
incorporated. 

Lack of social interaction in 
class 

C1GL7: 
External 
pressure 

Activities should be planned carefully since 
external pressure has a negative effect on 
students’ time management. 

External factors 

C1GL8: 
Self-critical 
reflection 

Self-critical reflection by the lecturer on 
knowledge and instruction in order to improve 
instructional design. 

Lecturer’s instruction and 
knowledge 
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These guidelines are in-line with the main objective of this study, which is to improve the 

programming skills of students using a critical systems approach. The next cycle initiated 

with these guidelines and is discussed next. 

9.2.6 Chapter 6: Action research cycle 2 – Back to reality 

This chapter represented the second AR cycle, which attempted to improve the 

programming skills of UIP 2 students using a constructionist perspective (PSLE). The 

diagnosis was based on cycle 1, which ended unexpectedly. The affected students’ 

polemical views about the instructional design were not satisfactory as it was. The 

guidelines that were developed in cycle 1 were used to develop intervention requirements 

during the diagnosis. Planning action, involved planning actual interventions based on the 

intervention requirements, while considering the possible interventions (Table 9.4) and the 

PSLE. The planning of interventions and instructional approach was done carefully, 

keeping interventions that might not have been successful in order to avoid further 

disruption since students had adaption difficulties between the previous course and UIP 

2. The interventions are shown in the instructional design (Table 9.8). Taking action for 

this cycle initiated with an intervention talk, and then the rest of the instructional design 

was executed. The actual interventions’ success was determined through a critical 

systems approach for the analysis and consideration for the polemical views of the 

students and the rational perspective of the lecturer. The suggested instructional approach 

is given in Table 9.8, showing differences between cycle 1 and cycle 2.
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Table 9.8: Instructional design for AR cycle 2  

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 

Student preparation before contact session 

AI1: Read a chapter before each study unit 

PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI2: Watch tutorial videos Abstraction 

AI3: Concept quiz before study unit Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during contact session (3 x 1.15 hour sessions)  

Two 1.15-hour contact 
sessions 

AI10: Additional contact session: 
Three 1.15-hour contact sessions 

All 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI4: Lecturer completes an example with class 
AI6: Provide suggested solution to example (C1AI4) 
Give in-class activity, one problem per practical (2 times a 
week) 

All 

AI5: Class assistants assist within the practical class to correct 
non-viable mental models 

PSLE2: Information 
processing 
PSLE3: Scaffolding 

Reflection/revision after contact session 

AI7: Provide ungraded suggested solution for in-class activity 
on eFundiTM PSLE4: Reflection Abstraction 
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Table 9.8: Instructional design for AR cycle 2 (continued) 

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 

Reflection/revision after contact session 

Students receive one homework activity per study unit 
AI8: Provide ungraded suggested solution for homework 
activity on eFundiTM 

PSLE4: Reflection Decomposition, abstraction, algorithms, 
debugging, iteration 

No SI sessions AI11: SI PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

No “how-to” guides AI12: Lecturer “how-to” notes PSLE2: Information 
processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

Formative assessment 

Six quizzes (each 
contributes 10% 
towards PM) 

AI13: More assessment 
opportunities: 
Five out of six quizzes contributes 
10% towards PM. 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

Five assignments (All 
contribute 30% towards 
PM) 

AI13: More assessment 
opportunities: 
Four out of five assignments 
contribute 30% towards PM. 

Two semester tests (All 
contribute 60% towards 
PM) 

AI13: More assessment 
opportunities: 
Two out of three semester tests 
contribute 60% towards PM. 
* AI14: Cheat sheets were allowed 
in one semester test 
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Table 9.8: Instructional design for AR cycle 2 (continued) 

Instructional approach PSLE guidelines (§ 
4.3.4) 

Promoting the following computational 
thinking skills 

Cycle 1 Cycle 2 

Summative assessment 

3-hour practical 
examination 
(Contributes 50% 
towards course mark) 

Three-hour practical examination 
(contributes 50% towards course 
mark). 
* AI14: Cheat sheets 

PSLE1: Authentic 
problems 
PSLE2: Information 
processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

New guidelines were then added (Table 9.9) considering the polemical views of the affected students as well as the rational view 

of the lecturer. 

Table 9.9: Guidelines to improve programming skills of students using a critical systems approach (cycle 2) 

Guideline 
Reference 

Guideline 

C1GL1-C1GL8 Refer to Table 9.7. 

C2GL9: Lecturer engagement The lecturer should engage with students. 

C2GL10: Incentives Attach incentives such as marks or feedback to activities to encourage participation. 

C2GL11: Opportunity to discover content Create opportunities for students to explore the content of the course. 

These guidelines are in-line with the main objective of this study, which is to improve the programming skills of students using a 

critical systems approach. As part of the intervention for cycle 1 and cycle 2, the UIP 1 course was presented by the lecturer in 

order to address prior learning gaps that were identified within this cycle. The next cycle involving UIP 1 is discussed next. 
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9.2.7 Chapter 7: Action research cycle 3 – Focus on first years 

This chapter represented the third AR cycle, involving UIP 1 (preceding course to UIP 2), 

as part of the intervention to improve the programming skills of UIP 2 students using a 

constructionist perspective (PSLE). The diagnosis was based on the guidelines developed 

in cycle 2 and was used to develop intervention requirements during the diagnosis. 

Planning action, involved planning actual interventions based on the intervention 

requirements, while considering the possible interventions and the PSLE in order to 

improve the prior knowledge of UIP 2 students. The actual interventions’ success was 

determined in a similar process to that of cycle 2. The suggested instructional approach 

for cycle 3 is given in Table 9.10.
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Table 9.10: Instructional design for AR cycle 3 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Student preparation before contact session 

AI3: Concept quiz before study unit 
PSLE2: Information processing 
PSLE3: Scaffolding 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI19: Chapter summaries in notebook PSLE2: Information processing Decomposition, abstraction, debugging, iteration 

AI20: Create tutorial videos PSLE2: Information processing Decomposition, abstraction, algorithms, 
debugging, iteration 

Participation during one 1.15-hour theory session 

AI18: Theory session 
All 
 

Decomposition, abstraction, algorithms, 
debugging, iteration 
 

AI21: Peer/individual worksheets 

AI22: Quiz game in class (Kahoot!) 

Participation during one 3-hour practical session 

AI5: Class assistants assist within the practical 
class to correct non-viable mental models 

PSLE2: Information processing 
PSLE3: Scaffolding Decomposition, abstraction, algorithms, 

debugging, iteration AI23: Student-led practical sessions All 

AI24: Graded in-class activities All 
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Table 9.10: Instructional design for AR cycle 3 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Participation during one 3-hour practical session 

AI30: Homework moves to in-class 
activities PSLE2: Information processing Decomposition, abstraction, algorithms, 

debugging, iteration 

Reflection/revision after contact session 

AI11: SI PSLE2: Information processing 

Decomposition, abstraction, algorithms, 
debugging, iteration 

AI25: Feedback to students about 
misconceptions (AI24) PSLE4: Reflection 

AI26: Feedback to lecturer about 
misconceptions (AI24) PSLE4: Reflection 

AI27: Student reflection on outcomes 
(Checklist tool in eFundiTM) PSLE4: Reflection 

AI32: Feedback within group for video PSLE4: Reflection 

Formative assessment 

AI13: More assessment opportunities 
AI3: Concept quiz before study unit – 6 out 
of 7 quizzes contribute 5% towards the PM PSLE1: Authentic problems 

PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation AI19: Chapter summaries in notebook 

contribute 5% towards the PM 

AI20: Created tutorial videos contribute 5% 
towards the PM 
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Table 9.10: Instructional design for AR cycle 3 (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following computational 
thinking skills 

Formative assessment 

AI13: More assessment opportunities 
AI24: Graded in-class activities – the best 
80% of in-class activities contribute 5% 
towards the PM 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalisation 

AI13: More assessment opportunities 
AI28: Handwritten class tests – the best 3 out 
of 4 contribute 50% towards the PM 
* 1st test with AI29: Prescribe new textbook 
* Another test with AI19: Chapter summaries 
in notebook 

One semester test contribute 30% towards 
the PM 

Summative assessment 

Three-hour practical examination (contributes 
50% towards course mark) 

PSLE1: Authentic problems 
PSLE2: Information processing 
PSLE4: Reflection 

Decomposition, abstraction, algorithms, 
debugging, iteration, generalization 

 

The guidelines were then adapted considering the polemical views of the affected students as well as the rational view of the 

lecturer (Table 9.11). 
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Table 9.11: Guidelines to improve programming skills of students using a 

critical systems approach (cycle 3) 

Guideline 
Reference 

Guideline 

C1GL1-C2GL11 Refer to Table 9.9 

C3GL12: Explicit reflection Include activities promoting explicit reflection 
on current mental constructions. 

 

These guidelines are in-line with the main objective of this study, which is to improve the 

programming skills of students using a critical systems approach. The final cycle is 

presented next based on the UIP 2 course to determine the success of the interventions, 

the instructional approach followed and the guidelines. The next cycle, based on UIP 2, is 

discussed next. 

9.2.8 Chapter 8: Cycle 4 – It works! 

This chapter represented the fourth and final AR cycle, involving UIP 2, as part of the 

intervention to improve the programming skills of UIP 2 students. The AR phases were 

completed similar to that of cycle 2 and cycle 3. The students’ programming skills improved 

and the instructional design was successful according to the critical systems analysis of 

the views of the students (polemical) and lecturer (rational). Overall, the PSLE-based 

instructional design, refined as in cycle 4, is seen as a success. The pass rate between 

cycle 2 and cycle 4 increased from 86% (Table 6.22, § 6.5.4) to 98% (Table 8.21) for UIP 

2 in cycle 4. The instructional design was perceived as positive by the students and by the 

lecturer (§ 8.5.4).  

From a critical systems perspective, reflecting on the success of interventions, only one 

intervention was uncertain for cycle 4, AI25: Feedback to students about misconceptions 

(AI24), which was successful in cycle 3 (Table 7.24, § 7.6). No changes were made to the 

guidelines. The instructional approach and the guidelines to improve the programming 

skills of students using a critical systems approach are therefore final for this study and 

are given in the next section. 
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9.3 Improving the programming skills of students: a critical systems approach  

The main contribution in terms of the primary objective of this thesis is provided in this 

section.  

 

 

 

 

 

The result of the objectives is given in the form of a final instructional design (Table 9.12) 

and a final set of guidelines (Table 9.13) to improve the programming skills of students. 

 

The main objective of this study is to: 

improve the programming skills of students using critical systems thinking.  

In order to achieve this, computational thinking, from a constructionist perspective is 

used to develop the potential of the students and to develop an instructional design for 

user interface programming. 
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Table 9.12: Final UIP 2 instructional design 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Student preparation before contact session 

AI19: Chapter summaries in notebook PSLE2: Information processing 
Decomposition, abstraction, 
algorithms, debugging, iteration 

Participation during one 1.15-hour theory session 

AI18: Theory session 

All 

Decomposition, abstraction, 
algorithms, debugging, iteration 

 
AI21: Peer/individual worksheets 

AI22: Quiz game in class (Kahoot!) 

Participation during one 3-hour practical session 

AI23: Student-led practical sessions All 
Decomposition, abstraction, 
algorithms, debugging, iteration 

 

AI24: Graded in-class activities All 

AI5: Class assistants assist within the practical class to 
correct non-viable mental models 

PSLE2: Information processing 

PSLE3: Scaffolding 

Reflection/revision after contact session 

AI11: SI PSLE2: Information processing 
Decomposition, abstraction, 
algorithms, debugging, iteration 

 

AI25: Feedback to students about misconceptions (AI24) PSLE4: Reflection 

AI26: Feedback to lecturer about misconceptions (AI24) PSLE4: Reflection 
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Table 9.12: Final UIP 2 instructional design (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Reflection/revision after contact session 

AI30: Homework moves to in-class activities PSLE2: Information processing Decomposition, abstraction, 
algorithms, debugging, iteration AI33: Explicit reflection after each activity PSLE4: Reflection 

Formative assessment 

AI13: More assessment opportunities 

AI24: Graded in-class activities; best 80% contribute 80% 
towards the 25% for practical- and reflective activities 

AI33: Explicit reflection after each activity. The best 50% of 
reflection activities contribute 20% towards the 25% for 
practical- and reflective activities 

PSLE1: Authentic problems 

PSLE2: Information processing 

PSLE4: Reflection 

Decomposition, abstraction, 
algorithms, debugging, iteration, 
generalisation 

AI13: More assessment opportunities 

AI28: Handwritten class tests. Best two out of three or, with 
notebook, best three out of four contribute 30% towards a 
student’s PM 

AI19: Chapter summaries in notebook can count as 
additional test 

One semester test contributes 20% towards the PM 

AI35: Group project (two members) contributes 25% 
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Table 9.12: Final UIP 2 instructional design (continued) 

Instructional approach PSLE guidelines (§ 4.3.4) Promoting the following 
computational thinking skills 

Summative assessment 

Three-hour practical examination (contributes 50% towards 
course mark). 

 

PSLE1: Authentic problems 

PSLE2: Information processing 

PSLE4: Reflection 

Decomposition, abstraction, 
algorithms, debugging, iteration, 
generalisation 

 

 



 

458 | C h a p t e r  9 :   C o n c l u s i o n  a n d  e v a l u a t i o n  
 

 

Table 9.13: Guidelines to improve programming skills of students using a 
critical systems approach 

Guideline 
reference Guideline 

C1GL1: Prior 
learning 

Prior learning must be in place, more specifically, existing viable mental 
models, which can influence a student’s lack of engagement and 
seeming lack of responsibility. 

C1GL2: Information 
processing 

Sufficient information processing activities should be included to 
promote problem-solving, viable mental model construction and 
abstraction. 

C1GL3: Scaffolding Attention should be given to scaffold the concepts presented to promote 
problem-solving, viable mental model construction and abstraction. 

C1GL4: Relevant 
study material 

Students must have the relevant study material in order to promote 
engagement, preparation and viable mental models and reduce the 
influence of natural language on misconceptions. 

C1GL5: Sufficient 
contact time 

Sufficient contact time is necessary to explain, scaffold and practise 
concepts. 

C1GL6: Social 
interaction Activities promoting social interaction have to be incorporated. 

C1GL7: External 
pressure 

Activities should be planned carefully since external pressure has a 
negative effect on students’ time management. 

C1GL8: Self-critical 
reflection 

Self-critical reflection by the lecturer on knowledge and instruction in 
order to improve instructional design. 

C2GL9: Lecturer 
engagement The lecturer should engage with students. 

C2GL10: Incentives Attach incentives such as marks or feedback to activities to encourage 
participation; 

C2GL11: 
Opportunity to 
discover content 

Create opportunities for students to explore the content of the course; 

C3GL12: Explicit 
reflection 

Include activities promoting explicit reflection on current mental 
constructions. 

 

These guidelines are in-line with the main objective of this study. Reflection about the FMA 

models used is discussed next.  
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9.4 Reflection on learning about the Frameworks used, methodologies applied 
and areas of concern 

In this section, reflection is done based on the FMA models used within this study, and 

learning about the FMAs is specified. The FMA for this study is given in Figure 9.3. 

 

Figure 9.3: This study’s FMA model based on Checkland and Holwell 
(1998:13) 

Reflecting on the journey of completing this research can be compared to a roller coaster 

ride with all sorts of emotions. One thing that no-one writes in research papers is that 

completing a critical social theory research project with critical systems thinking will 
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change your outlook on life, because you as researcher become very involved with 

participants within the study, and the researcher becomes vulnerable to critique when 

acting as the agent of change.  

During cycle 1, the researcher diagnosed, planned and executed what she thought was a 

good, grounded instructional design to improve the programming skills of students. Little 

did she know that the students were drowning within this instructional design because of 

various factors; for example, a clear lack of prior knowledge from the previous course 

presented by another lecturer and following an instructional design that was unknown to 

the students, clearly more challenging than the previous course. Six weeks into the 

course, when complaints surfaced, the lecturer went through a flood of emotions, one 

could say, a bit in disbelief. It was clearly a wake-up call for the lecturer to realise that the 

approach followed up until that point in cycle 1, was disconnected from students’ views. 

When the lecturer became overwhelmed with emotion and felt like being attacked served 

as a que to step back and act as a witness for the affected. 

Listening started from that point onwards (CSH inspired approach), which informed the 

evaluation for cycle 1, which was finalised with a new, longer list of problems to address. 

This was certainly a turning point in this study, which helped the lecturer/researcher to 

realise just how important the views of the affected students are. As researcher, it was 

challenging to distinguish between polemical and rational arguments, but there was no 

time to include a third party. The researcher had to determine when to act as witness and 

when to act as the expert. I decided to step back as lecturer, and assume the role of 

witness the moment when an emotional response was triggered by a problematical 

situation, even if the lecturer in me disagreed with the argument. I tried to reflect on my 

response as lecturer and presented it as the lecturer’s perspective. 

An important lesson (and guideline) that arose because of this, was the importance of 

lecturer engagement to the students, which was increased tremendously during the 

following cycles, and the researcher feels that this contributed towards the success of 

those cycles. In support of this, it was noticeable that the relationship between the students 
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and the lecturer improved because students approached student assistants during cycle 

1, but had the confidence during cycle 2 to contact the lecturer directly.  

Therefore, critical social theory research and CSH-inspired approach worked well, 

allowing the researcher to interpret and uniquely apply the Kantian systems idea. 

Furthermore, CSH allowed the researcher to be subjectively part of the social context, 

listening, stepping back as lecturer, acting as witness, reflecting critically about the 

instructional design of the UIP 2 course, admitting shortcomings and addressing the 

shortcomings through the principles of critical- and interpretive research within the AR 

cycles. The pluralistic nature of critical systems thinking created an awareness that there 

are multiple ways of achieving an end-goal. CSH and Kant provided the researcher with 

an explicit motivation and tools to listen to the affected students and during this process, 

individual emancipation was achieved. 

The application of CSH is more suitable when the expert, witness and owner are three 

different people. Within this study, this was not the case and therefore the boundary 

critique of CSH was not applied.  

The areas of concern/application are sometimes methodologies (AR, CSH-inspired 

approach) and other times areas of concern (learning to program). Critical systems 

heuristics (CSH) were initially planned as the application of critical systems thinking. CSH 

uses Ulrich’s 12 boundary questions to make the judgements, which are relied upon to 

understand situations explicitly known for those involved and those affected for the 

establishment of normative content. CSH and its 12 boundary questions were not ideally 

suited for this study aimed at developing students’ programming skills, since the 

methodologies for critical systems were mainly developed for organisational use.  

A CSH-inspired approach, focusing on developing programming students’ full potential, 

was critical for the data collection and analysis for this study. The way in which CSH 

aspects were used to uplift the voices of the affected students in order to emancipate 

them, is a unique application within this context that has not been done before in critical 

systems thinking research. The lecturer had to act as a witness for the affected students, 
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which was life-changing because the lecturer had to listen critically to understand and 

represent students’ polemical views. The lecturer could not simply base decisions on her 

own reasoning, but had to consider the students’ views. This unique application of CSH-

inspired ideas is a major contribution of this study. 

Another contribution of this study includes the unique link between Kant’s three questions 

as motivation in the quest to search for knowledge (What do I know? What ought I to do? 

What may I hope?) and the AR cycles as shown in Table 9.14. 

Table 9.14: Ulrich’s interpretation of Kant’s interest for reason 

Interest for reason 
(Kant, 1998:677) Interpretation by Ulrich (1983:260) Applied to AR 

phases 

What do I know? 
Used in an attempt to map social reality and 
comprehend the conditioned views acknowledging 
that comprehensiveness is an ideal. 

Diagnosis 

What ought I to do? 

Striving to design an improved social reality and 
comprehending imperfections in the design. 
Requires an agent to reflect on the group that is 
affected by his actions. 

Action planning  
Taking action 

If I do what I ought to 
do, what may I then 
hope? 

Improvement is not a certain result through 
planning; therefore, experts and witnesses must 
be included, building a mutual understanding 
between involved and affected. 

Evaluation 

 

The question “What do I know?” is linked to the diagnosis phase of AR, in order to 

determine what is known about the social reality. The question “What ought I to do?” is 

linked to the planning action and taking action phases. Action is planned in order to 

improve the social reality. The question “If I do what I ought to do, what may I then hope?” 

is linked to the evaluation phase where both the involved and affected are involved to 

determine the success of the intervention. 

The PSLE approach used in this study was enriched by the researcher (§ 4.4.2.6) with the 

suggestion of including practical constructivist guidelines for the computer science 

educator (Ben-Ari, 2001:68) as part of information processing activities. From the 

researcher’s perspective, this approach worked very well. However, during the first AR 
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cycle, students (UIP 2) did not adapt to the initial instructional approach well. The 

relationship between the lecturer and students had to be restored as part of the AR 

process. The research done in this study was definitely not a science experiment. The 

relationship between students and lecturer was one of the key factors to success and 

success was measured in terms of satisfaction, engagement and performance.  

During cycle 1, it was concluded that students need a certain level of readiness for an 

instructional design to be implemented. The students followed a different instructional 

approach in the previous UIP 1 course presented by another lecturer, which did not 

address prior learning sufficiently. It is suggested that this design is already implemented 

at first-year level in order to prepare students for their second year where no adaption 

issues were recorded. An important intervention was the implementation of the theoretical 

sessions and notebooks, which were generally very well received by students and 

addressed concepts in detail and therefore built up students’ prior knowledge required by 

UIP 2. The researcher also realised the importance of reflective practice for both the 

lecturer and student, which allows one to grasp the current understanding of students 

during the semester, not only after semester tests and examinations.  

The validity of the instructional design based on the PSLE of Lye and Koh (2014:59) was 

established when the programming performance of UIP 2 students improved and 

participants indicated their satisfaction with the PSLE-based instructional design followed. 

It is suggested that Ben-Ari's (2001:68) constructivist guidelines be used to address 

information processing activities within the PSLE. 

In terms of data collection, purposeful sampling was used. When a problematical situation 

occurred, the unsatisfied students had to be attended to first. It was important for the 

lecturer to have a successful class, and when students were not satisfied, the situation 

needed attention. The satisfaction and experience of students were more important than 

performance and the researcher did not want to let the students feel like research subjects. 

Because of this, the researcher was vigilant when collecting data in the sense that every 

office visit and conversation was considered as data. There were many volunteers for 

interviews and most were homogeneous in terms of performance. The researcher 
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focussed more on heterogeneity and therefore not all participants were interviewed. The 

researcher made an effort to include participants that might not have been satisfied with 

the aim of improvement of the instructional design.    

In Chapter 4, PSLE and constructivist guidelines were identified to be used for the 

planning of interventions for this study. When comparing the guidelines from literature with 

final guidelines for this study (Table 9.13), certain guidelines stand out. For example, 

relevant study material, sufficient contact time, consideration for external pressure, 

lecturer engagement and providing incentives. These guidelines are unique and were not 

part of the theoretical guidelines. 

From the lecturer’s perspective, the intervention talk was very successful and should be 

incorporated not as an official address of the students, but rather as part of lecturer 

engagement, focusing on what it means to learn, why students are enrolled for the course 

and that the end-goal is to really learn how to program and not just to pass the course. 

This was automatically done in cycle 3 and cycle 4, giving students the opportunity to take 

responsibility for their learning when completing activities on their own, instead of being 

directed with every line of coding, and being able to reflect on their own understanding. 

This process also made the students critical thinkers discovering a multitude of possible 

solutions. 

This study is a reflection of a very personal journey for the researcher involving the 

lecturing of programming, which is a passion for the researcher. Critical social theory 

research provided a platform for the researcher/lecturer to reflect critically on her own 

lecturing style, learning to improve engagement with students and the importance thereof, 

developing critical listening skills and finally improving the programming skills of students 

through individual emancipation.  

9.5 Evaluation 

The research methodology for this study is situated within critical social theory research 

as discussed in the previous section. The principles for critical research and interpretive 

research were applied to this study. AR was also used to diagnose, plan, take action, 
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evaluate and specify learning about the instructional design of the user interface 

programming course.  

The principles for critical research applied to this study as given in Chapter 2 are provided 

in Table 9.15, and the evaluation of the adherence to these principles is provided. 

 

Table 9.15: Elements and principles for critical research applied to this study 
adapted from (Myers & Klein, 2011:25) 

Element 1: Insight 
It is suggested that the 
researcher should use 
interpretive actions to 
comprehend the situation 
(Alvesson & Deetz, 
2000:140; Myers & Klein, 
2011:24) 

Lecturer’s reflection and interviews were used. This study then 
used Klein and Myers' (1999) principles for interpretive studies 
as shown in Table 9.16. 

Element 2: Criticism 

The principle of using core 
concepts from critical social 
theorists 

The core concepts of Ulrich (1983) for critical systems (CSH 
inspired) were used to collect analyse data critically. They acted 
as witness in order to uplift the voice of the affected. The rational 
perspective of the lecturer was also used for data collection and 
analysis. 

The principle of taking a 
value position 

The researcher took the value position that computational 
thinking skills can explicitly improve the programming skills of 
students. This was achieved by creating a frame of reference for 
each student, since each student brings his/her own frame of 
reference into a learning situation and because of the historical 
background of the students in this study, they did not have the 
necessary frame of reference required to learn how program.  

The principle of revealing 
and challenging prevailing 
beliefs and practices 

The researcher investigated reasons why students find 
programming difficult in literature and found that various other 
issues exists (cycle 1). Students’ view of learning, existing 
teaching practices and suitability of learning material were 
revealed. 

Element 3: Transformative redefinition 
The principle of individual 
emancipation 

Individual improvement of each student was one of the main 
aims of this study and it was achieved in cycle 4.  
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Table 9.15: Elements and principles for critical research applied to this study 
adapted from (Myers & Klein, 2011:25) (continued) 

Element 3: Transformative redefinition (continued) 

The principle of 
improvements in society 

Better programmers in society who possess computational 
thinking skills and user interface programming skills will improve 
the quality of IT industry projects with problem-solvers who can 
adapt and program well. Not only does this contribute to the IT 
industry, but also to other disciplines and areas of life, thereby 
contributing critical thinkers to society. 

The principle of 
improvements in social 
theories 

This study made major contributions in terms of the unique 
application of critical systems thinking with CSH inspired ideas 
(Ulrich) for data collection and analysis during the AR phases. 
The Kantian questions in the search for knowledge were also 
linked to the AR phases, which was not done before. The PSLE 
was refined with the addition of constructivist guidelines for 
information processing activities, which was not done before. 

 

Since interpretive data collection methods were used, the principles for interpretive field 

research are used for evaluation (Klein & Myers, 1999:72) and are provided in Table 9.16. 

Table 9.16: Principles for interpretive field research applied to this study 
(Klein & Myers, 1999:72) 

 

Principles Description 

The fundamental principle 
of the hermeneutic circle 

During coding and analysis, a holistic view of each student was 
formed through the interview process, taking each response of a 
student in relation to the student’s perspective. Keeping in mind 
that the entire problematical situation and successes and failures 
on intervention strategies are only fully understood by 
understanding the perspective of each participant in relation to all 
participants’ responses, and interpreting all participants’ 
responses in terms of each participant’s view. Because the 
questions were open-ended and responses did not necessarily 
match the question’s intention, the complete response was 
compared to the interpretive questionnaire rather than comparing 
questions individually. 
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Table 9.16: Principles for interpretive field research applied to this study (Klein 
  & Meyers, 1999:72) (continued) 

 

Bradbury-Huang (2010:102) lists criteria for evaluating good action research (Table 9.17).  

Table 9.17: Criteria for the evaluation of action research applied to this study, 
adapted from Bradbury-Huang (2010:102) 

Criteria Description 

Articulation of 
objectives 

Each theoretical objective translated into a chapter of literature review 
about critical systems methodologies (Chapter 3), computational thinking 
and programming concepts and barriers that students encounter while 
learning to program (Chapter 4). These chapters informed the methods 
used in the AR cycles. 

Principles Description 

The principle of 
contextualisation 

The contexts of the UIP courses and students were provided in 
Chapter 5. The students’ culture and diversity of languages were also 
discussed. During the analysis of cycle 1, a deepened view of the 
context emerged as students followed a different instructional 
approach in the previous course and had a lack of prior knowledge 
as a consequence. Another consequence was that they could not 
adapt to the current instructional design. In the remaining cycles, 
purposeful participant selection was used in an effort to convey as 
many polemical views as possible to strive towards the totality of 
conditioned realities. The lecturer also reflected on current situations 
in order to provide context. 

The principle of 
abstraction and 
generalisation 

Undirected content analysis was used to interpret, abstract and 
generalise findings in the evaluation phases of AR. This was 
discussed within each cycle. 

The principle of 
dialogical reasoning 

The guidelines to improve the programming skills of students using 
computational thinking skills following the principles of a critical 
systems approach depend on the interplay between theory and 
findings. 

The principle of 
multiple interpretations 

Thorough undirected content analysis ensured that the findings are 
traceable to the data as was discussed in the AR cycles. 

The principle of 
suspicion 

It was assumed that very participant conveyed his/her story as 
he/she perceived the situation. Each student’s response was coded 
in such a way that it represented his/her views. Care was taken to 
identify deception; for example, in the case of a student who failed 
the course and blames it on the instructional design, but later admits 
that he/she did not put in all efforts as expected within the course. 
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Table 9.17: Criteria for the evaluation of action research applied to this study, 
adapted from Bradbury-Huang (2010:102) (continued) 

Criteria Description 

Partnership and 
participation 

This study is very personal to the researcher, and any concerns raised, or 
dissatisfaction by the students are taken personally by the researcher. The 
researcher made a great effort to increase the engagement between 
lecturer and student even more than usual. The researcher genuinely cares 
for the students and teaching programming is a passion of the researcher. 
Interaction and engagement are therefore valued and were pursued 
throughout this study. 

Contribution to 
action research 
theory/practice 

Contributions were discussed in (§ 9.4). 

Methods and 
processes The methods and processes were discussed in detail within each AR cycle. 

Actionability 

New guidelines and an instructional design were presented as the result of 
the AR cycles. It is evident that AR improved this research project when 
reading the reflection (§ 9.4) and considering the improvements and 
updated guidelines from cycle 1 to cycle 4. 

Reflexivity 

The lecturer, who is also the researcher, was an explicit agent of change as 
suggested by critical social theory research, diagnosing difficulties when 
learning to program, planning action to address the difficulties within the 
PSLE, taking the action needed to improve the programming skills of 
students, evaluating the success of the intervention plan by acting as 
witness for the affected students as well as presenting polemical views of 
students through interviews and providing the lecturer’s perspective using a 
critical systems perspective, and finally specifying learning through the 
development and adaption of the guidelines to improve the programming 
skills of students. 

Significance 

The significance of the results of this study reaches beyond the immediate 
context of improving the programming skills of students. The individual 
emancipation of students has an effect on each student, who can now 
flourish within programming education and continue his/her studies with an 
improved understanding of programming. Each student who flourishes with 
his/her studies will impact his/her community when he/she joins the 
workforce and is placed in a position to improve his/her financial well-being 
and therefore be able to move out of poverty stricken areas of living. This 
will also improve the economy with graduates entering the workforce. In 
addition, the significance of this study has been shown in Table 9.15, 
addressing the principles for critical research (Myers & Klein, 2011:25), 
showing the contributions of this study on multiple levels. 

 

The limitations of this study are given next. 
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9.5.1 Limitations of the study 

Critical research implies that the researcher be ‘self-reflective’ (Ulrich, 1983:20). 

Therefore, limitations of this study are discussed here. Self-critical reflection about the 

lecturer’s own knowledge was not done in-depth. It is difficult to truly reflect on whether 

oneself understands and transfers the content knowledge correctly to students. The 

lecturer has her own perspective, which is just another view point. The researcher cannot 

be objective (Ulrich, 1983:20). The lecturer did reflect as far as possible and adapt the 

instructional design successfully. 

The participants for this study were supposed to take part voluntarily, but it was also 

important to try and present the polemical views of a variety of students in terms of 

performance and views about the instructional design. Although purposeful participant 

selection was used to select students according to their performance from the volunteer 

list, in cycle 3, no students who failed the UIP 1 course volunteered for the interviews. 

Special care was then taken to invite students who failed repeatedly and one student took 

part. In cycle 4, the same happened and no student who failed the course wanted to 

participate, but one needs to consider that 98% of the students passed the course. A 

repeating student (UIP 2 cycle 1,2 and 4) did participate voluntarily without the researcher 

approaching the student. 

A lack of independent analysis for the coding of the interviews forms part of the limitations 

of this study. 

Future work regarding this research is discussed next. 

9.6 Future work 

Pair programming as intervention strategy inspired some interventions, but was never fully 

implemented. Pair programming was successful in programming education in schools 

(Liebenberg et al., 2012:232) as well as tertiary institutions (Smith et al., 2017:193; Porter 

et al., 2013:34). Pair programming also enhances social interaction and the correction of 

non-viable mental models (Liebenberg et al., 2012:232). Future research could include 
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another cycle involving UIP 2 students including pair programming, and report on whether 

the guidelines should be adapted or not. Students indicated a readiness for pair 

programming in cycle 4, enjoying the group work of no more than two members.   

Other future research should also investigate the readiness required for a computational 

thinking-based instructional design to be implemented, which includes some self-directed 

skills.  

9.7 Summary 

The aim of this study was to improve the programming skills of students using critical 

systems thinking. In order to achieve this, computational thinking, from a constructionist 

perspective was used to develop the potential of the students and to develop an 

instructional design for user interface programming. This was completed by reviewing 

existing literature to identify a framework of ideas, methodology and area of application 

for the overall research methodology (Chapter 2), systems thinking (Chapter 3) and 

cognitive perspectives when learning to program (Chapter 4).  

The first AR cycle was completed involving the UIP 2 course, diagnosing difficulties found 

in literature (Chapter 4), planning intervention based on the PSLE and constructivist 

guidelines (Chapter 4) fostering computational thinking skills, taking action, evaluating 

using critical systems thinking concepts of Kant as interpreted by Ulrich (Chapter 3) and 

specifying learning in terms of an updated instructional design, individual emancipation 

(which was not the case for cycle 1) and guidelines to improve the programming skills of 

students. Cycle 2 initiated the diagnosis with newly identified problems with regard to the 

instructional design in cycle 1 and the same process was repeated. As part of the findings 

for cycle 1 and cycle 2, prior learning was not up to standard, and therefore cycle 3 

involved the UIP 1 course. After a successful completion of cycle 3, the final cycle, cycle 

4 (UIP 2), was completed and an updated and final instructional design were suggested, 

individual emancipation was reached and final guidelines to improve the programming 

skills of students were presented.  
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The researcher successfully completed this study, and therefore the final outcome of this 

study is an instructional design based on the PSLE and constructivist guidelines, which 

promote the fostering of computational thinking skills, and a final set of guidelines to 

improve the programming skills of students and to emancipate students. 
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ANNEXURE A: CONSENT FORM 

This consent form was set-up by the researcher, to be signed by participants.  
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This list was circulated to the UIP class. Student participated voluntarily. 
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ANNEXURE B: RESEARCHER’S TRREE CERTIFICATES FOR 
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ANNEXURE C: ETHICS APPROVAL 



 

497 | A n n e x u r e  D :   L a n g u a g e  e d i t i n g  
 

ANNEXURE D: LANGUAGE EDITING 
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ANNEXURE E: TECHNICAL EDITING 
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