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ABSTRACT 

 

 

The Industrial Revolution triggered the need for performance measurement and 

improvement initiatives and since then efforts to measure performance and improve 

manufacturing operations has gained considerable attention. The current globalised 

marketplace has placed increasing pressure on businesses to improve performance 

to gain a competitive advantage. The advances in information technology has now 

made the collection and transformation of raw data into usable information a simple 

automated process, which can be done in time with the manufacturing process, i.e. 

in real-time. The focus of this study is to evaluate the effectiveness of an 

implemented real-time performance measurement system in enabling operations 

improvement within a business unit of a South African petrochemical company.  

 

A comprehensive literature study was conducted where the topics of performance 

measurement, real-time performance measurement and operational improvement 

were discussed in detail. The broad nature of operations improvement was narrowed 

to meet the specific key operational focus areas of the business unit under 

investigation. The majority of the literature review was focused on unearthing key 

factors that contribute to the success of traditional and real-time performance 

measurement systems.  

 

An empirical study was conducted using a newly designed questionnaire that was 

based on the success factors identified in the literature review. The target population 

was the production, technical and operations management personnel of the various 

production plants within the business unit. The questionnaire tested the extent to 

which these employees perceive the success factors to be present in the real-time 

system and contribute towards operations improvement. The analysis of the 

collected data included descriptive statistics, to determine extent to which each of 

the factors where prevalent; analysis of variance models, to determine if the 

difference in perceptions of selected demographic groups regarding the success 
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factors were statistically and practically significant; and correlation calculations, to 

determine the significance and strength of the relationship between selected success 

factors. 

 

Analysis of the collected data showed that the questionnaire was reliable and valid. 

Overall, it was concluded that respondents indicated there is good agreement that all 

success factors are present and hence that the real-time system is an effective tool 

in enabling operations improvement. The analysis showed that the highest ranked 

success factors were Awareness, Effectiveness of System in Improving Operations, 

Alignment with Strategy and Clear Visibility of Performance Metrics. The lowest 

ranked factors were Right Performance Metrics are being Measured, Review of 

Performance Measurement System and lastly Limited Number of Critical 

Performance Metrics. Furthermore, the analysis showed that, although employees 

perceive the real-time system to enable improvement in all operational focus areas, 

they perceive it to better enable improvement in operational efficiency, followed by 

improvement in full order on time and lastly improvement in variable cost.  

 

No notable statistically and practically significant differences in perceptions were 

found to exist among the selected demographic variables. The results of the 

correlation analysis showed the all factors except Limited Number of Critical 

Performance Metrics have a significant relationship with the effectiveness and use of 

the real-time system. It was concluded that the factors Effectiveness of System in 

Improving Operations and Use of System are strongly correlated with each other as 

well as with the factors Focus on Improvement, Facilitates Decision-Making, 

Stimulate Action and Clearly Defined Performance Metrics and Targets.  

 

Recommendations that were derived from the conclusions were presented, which 

suggests practical ways to improve the real-time system. The research study was 

evaluated against the primary and secondary objectives with the conclusion that both 

were achieved. Finally, suggestions for further research on this topic were proposed. 
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CHAPTER 1  

NATURE AND SCOPE OF THE STUDY  

 
 

1.1. INTRODUCTION 

 

The business environment and marketplace has, with the advances in information 

technology, improvements in transport systems and reduction in trade barriers, 

evolved into a globalised arena in which companies worldwide must compete against 

each other to be successful. Globalisation of the business environment means that 

customers and consumers have an increased number of available alternatives. 

Garrison, Noreen and Brewer (2008:2) highlight that a globalised marketplace 

increases international competition and promises the consumer greater variety of 

high quality goods and services at a lower price. 

 

For manufacturing companies to be competitive in this globalised environment, it is 

imperative that continuous improvement in operational performance is required. 

According to Zhang and Forbes (2000:1829), the increasing global competition 

means that manufacturing organisations face intense pressure to improve 

operational performance. Naveh and Erez (2004:1576) echo similar thoughts, stating 

that the current marketplace is fiercely competitive; therefore companies must focus 

on improvement initiatives that increase the quality of their product or service 

offerings.  

 

There are various models, tools and techniques available that companies can adopt 

to enable improvement. Many of these techniques focus on quality improvement. Six 

Sigma is one such methodology aimed at efficiency improvement and waste 

reduction (Jacobs, Chase & Aquilano, 2009:315). Lean manufacturing is another 

method used for operations and process improvement which focuses on waste 

elimination and holding minimal inventory thereby lowering production costs (Jacobs 

et al., 2009:404).  
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The Panorama Consulting Group (2007:1) states that companies need to be keenly 

aware of their competitive position relative to industry performance and therefore 

need to measure organisational performance at both corporate and operational level. 

According to Grunberg (2007:4), the need for performance measurement has existed 

from the time of the Industrial Revolution and since then has gained considerable 

attention. 

 

Martin (2009:2) states that traditional performance measurement systems use data 

that is collected on a daily basis or longer, and in the case of financial data, once per 

month. Buckbee (2007:54) also highlights that manufacturing plants generally track 

and respond only to long term average data which inhibits process performance, 

quality and reliability. The Aberdeen Group (2006:6) conducted a survey which 

shows that many companies still manually collect performance data. 

 

Martin (2009:1) argues that the manufacturing business has seen a shift over the 

past decade which is driving the need for production and manufacturing 

organisations to measure their performance in real-time. The author further suggests 

that industrial businesses must operate in real-time to be effective and efficient and 

companies that do not move to real-time business operations will be severely 

affected in the marketplace. 

 

The term “real-time” refers to the frequency or timeframe of measurement. Barr 

(2008:64) describes real-time performance measurement as measuring performance 

in the same timeframe as the manufacturing process. Thus real-time measurement 

can range from per second measurement to per hour measurement. 

 

Kang, Jung, Cho and Kang (2011:653) state that real-time measurement provides 

real-time access to critical performance indicators of the process and enables 

effective decision-making. According to Martin (2009:3) a real-time performance 

measurement system places key performance variables under direct control of the 

operations team which allows them to optimize and positively impact the 

performance of the operating unit in time with the process. Buckbee (2007:54) states 

that by measuring and responding in real-time, operations personnel can quickly 
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recover from process upsets, enable faster change over to other products and allow 

for shorter batch-cycle times. 

 

 

1.2. BACKGROUND TO THE STUDY 

 

This research study is concerned specifically with a South African petrochemical 

company. Various programmes have been initiated within the company to maximise 

productivity of employees, business processes and assets. As part of the 

maximisation of asset performance, an Operations Excellence programme was 

initiated to standardise and optimise operations management across the 

organisation. One specific element of this programme relates to improvement in 

operations. 

 

One of the business units that are a subsidiary of this South African petrochemical 

company has, over past 4 years, implemented real-time performance measurement 

systems at its various operating plants. This was done with the intention of achieving 

improvement in operation. The rationale for investing capital in implementing a real-

time system was to empower employees at all levels to be able to contribute to 

operational improvement by enabling them to see the impact that their actions and 

decisions have on the production process. 

 

 

1.3. PROBLEM STATEMENT 

 

After a number of years of having a real-time performance measurement system 

installed and the business unit going through many changes which include multiple 

changes in senior leadership and changes in strategic focus and growth objectives; 

the question being asked is: “Is the real-time performance measurement system an 

effective tool for enabling improvement in operations?” 

 

There are two possible methods for determining the effectiveness of the real-time 

system in improving operations; the first method is quite simple in that it requires an 
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analysis of operational data to determine if there has been a positive (or negative) 

change in certain key variables after the implementation of the real-time system. This 

method however provides only directionality; in that it shows the whether certain key 

drivers or variables have improved or not and the extent thereof. This method does 

not give insight into causal effects, i.e. what factors contribute to the success or 

failure of the real-time system to enable operations improvement. 

 

The second method for determining the effectiveness of the real-time system is to 

test the perceptions of users of the system. In doing so key factors that contribute to 

sustainably making a real-time performance measurement system an effective 

system need to be unearthed and the perceptions thereof tested. This will result in 

identifying areas of concern and/or strengths of the system. As such it will provide 

insight as to how the real-time system itself can be improved. 

 

This study is focused on determining the effectiveness of a real-time performance 

measurement system in improving operations by identifying key factors that make 

such a system a success and testing applicable employees’ perceptions of these 

factors with respect to their impact on operations improvement. 

 

 

1.4. RESEARCH OBJECTIVES 

 

The objectives of this research study are divided into primary and secondary 

objectives. The details of these objectives are discussed in the sections below. 

 

1.4.1. Primary Objectives 

 

The primary objective of this research study is to evaluate the effectiveness of a real-

time performance measurement system in enabling operations improvement within a 

business unit of a South African petrochemical company.  
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1.4.2. Secondary Objectives 

 

The following secondary objectives are in support of achieving the primary objective: 

 

 Conduct a detailed literature review to gain insight into traditional 

performance measurement systems; real-time performance measurement 

systems; operational improvement areas; and key factors that make 

traditional and real-time performance measurement systems a success. 

 Develop and administer a questionnaire that measures the effectiveness 

of a real-time performance measurement system. 

 Statistically evaluate the reliability and validity of the questionnaire data. 

 Statistically evaluate the effectiveness of the real-time performance 

measurement system in enabling operations improvement. 

 Statistically evaluate the effectiveness of the real-time performance 

measurement system in enabling improvement within the business unit’s 

key operational focus areas. 

 Statistically examine and compare the relationship between selected 

demographic variables and the identified success factors. 

 Statistically evaluate the impact that each success factor has on the 

effectiveness of the real-time performance measurement system to enable 

improvement in operations. 

 

 

1.5. SCOPE OF THE STUDY 

 

1.5.1. Field of Study 

 

This research study falls within the field of operations management, specifically 

related to the manufacturing environment. Furthermore, the topic covered by this 

study relates to operations improvement via the use of real-time performance 

measurement systems. 
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1.5.2. Organisation Under Investigation 

 

This research study was conducted in a business unit of a South African 

petrochemical company. The business unit is located in both the upstream and final 

products area of the chemicals production sector of the industry. This business unit 

is a key and often sole provider of raw material and utilities for downstream business 

units and therefore forms a critical part of the overall chemicals value chain. Also 

being part of the final products sector means that production must meet varying 

market demands all while maintaining profitability.  

 

From an upstream perspective, the business unit is responsible for production and 

distribution of utilities and synthesis gas to downstream final products business units 

(which form part of the same parent company). The core upstream production areas 

are broken down as follows: 

 

 Raw water treatment and supply.  

 Final water effluent treatment.  

 Production and distribution of steam.  

 Production and distribution of electricity from steam. 

 Conversion of natural gas to synthesis gas.  

 Production of air utilities. 

  

From a final products perspective, the production areas are broken down as follows: 

 Production of ammonia final product. 

 Production of speciality gasses. 

 Production of ammonia based explosives. 

 

The various production plants have, over the past 4 years implemented a real-time 

performance measurement system. However, not all production plants have the real-

time system implemented. 
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1.6. RESEARCH METHOD 

 

The research method used for this study consists of two phases, a literature review 

and an empirical study. A detailed description of these two phases is presented 

below. 

 

1.6.1. Literature Review 

 

This phase will consist of a comprehensive review of literature that is focused on the 

topics of performance measurement, real-time performance measurement and 

operations improvement. Specifically, the literature review is aimed at accomplishing 

the following: 

 

 Defining the relevant concepts relating to performance measurement 

systems and operations improvement. 

 Providing a history of the evolving nature of performance measurement 

and its impact on operations improvement. 

 Establishing the key operational focus areas for the business unit under 

investigation. 

 Determining the key success factors that contribute to a successful real-

time performance measurement system. 

 

The literature review will be conducted by researching and consulting various 

information sources which include: 

 

 Books published by subject matter experts.  

 Dissertations and theses on the subject matter. 

 Published journal articles.  

 Credible internet sources. 

 Conference papers. 

 Personally conducted interviews with the business unit’s senior 

management.   
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1.6.2. Empirical Study 

 

Empirical research can be defined as research based on observed and measured 

phenomena and as such can be either qualitative or quantitative in nature (NSU, 

2010:1). According to Welman, Kruger and Mitchell (2005:10) qualitative research 

uses flexible methods to investigate subjective data whereas quantitative research 

uses structured methods to evaluate objective data. To meet the stated objectives of 

this study, a quantitative research method is chosen. 

 

The empirical study will be conducted as follows: 

 A questionnaire will be developed based on the findings of the literature 

review. 

 Data will be gathered, via the questionnaire, from applicable employee 

groups within the business unit that make up the target population. 

 The gathered data will be statistically analysed and interpreted in order to 

meet the objectives of the study. 

 

 

1.7. LIMITATIONS OF THE STUDY 

 

This study is confined to evaluating the effectiveness of a real-time performance 

measurement system in a single business unit within a petrochemical organisation. 

The sample can therefore neither be considered representative of the parent 

company nor the South African petrochemical industry.  

 

 

1.8. LAYOUT OF THE STUDY 

 

This research study consists of four chapters. Chapter 1 is the introductory chapter 

which deals with the nature and scope of the research study. Chapter 2 is the 

literature review. Chapter 3 contains the empirical study and Chapter 4 the 

conclusions and recommendations. The detailed focus areas of each of the chapters 

are discussed below. 
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Chapter 1: Nature and Scope of Study 

This chapter provides a background and motivation for the chosen topic. It provides 

insight into the research problem and clarifies the objectives of the study. 

Furthermore, this chapter discusses the research method to be employed in 

achieving the stated objectives. Limitations of the study are also highlighted. 

 

Chapter 2: Literature Review 

This chapter discusses in detail the topics of performance measurement and 

operational improvement with specific emphasis on measuring performance in real-

time. The majority of the chapter focuses on a detailed analysis and discussion of 

various authors’ views on key factors that contribute to the success of traditional and 

real-time performance measurement systems. These factors form the basis of the 

developed questionnaire to be used in the empirical study. 

 

Chapter 3: Empirical Study 

This chapter details the empirical research conducted with aim of meeting the 

objectives of this study. A discussion of the scope of the quantitative research is 

presented which includes the research design, sampling and data collection 

methods. Thereafter the reliability and validity of the questionnaire data is presented. 

This is followed by the statistical analysis of the collected data which include 

descriptive statistics, analysis of variance models and correlation calculations. 

 

Chapter 4: Conclusions and Recommendations 

The final chapter highlights conclusions reached from the empirical study. 

Furthermore recommendations are presented for the purpose of enabling the 

business unit to gain maximum benefit from their real-time performance 

measurement system. The study is concluded by evaluating the achievement of the 

stated objectives and providing suggestions for further research in this field. 
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CHAPTER 2  

LITERATURE REVIEW  

 
 

2.1. INTRODUCTION 

 

Lord Kelvin once said (cited by Liebowitz & Suen, 2000:54):  

“When you can measure what you are speaking about, and express it in 

numbers, you know something about it; but when you cannot measure, 

when you cannot express it in numbers, your knowledge is of a meagre 

and unsatisfactory kind. It may be the beginnings of knowledge, but you 

have scarcely, in your thoughts, advanced to the stage of a science”. 

 

Performance measurement has garnered significant interest from organisations and 

academics across the world as the companies compete globally to increase market 

share. This is especially prevalent in manufacturing organisations where there is a 

growing focus that continuous improvement in operations can lead to a competitive 

advantage (Jacobs et al., 2009:18). Upton (1996:1) states that successful 

organisations have learned how to sustainably improve their operations faster than 

the competition.  

 

This rest chapter is an exposition of a literature review that was conducted on 

performance measurement in general, real-time performance measurement and 

operations improvement, with the intention of gaining insight into the success factors 

that allow for such a system to positively influence operations improvement. The 

sources of information include journal articles, books, theses and dissertations, 

internet sources and personally conducted interviews. 

 

In particular the chapter focuses on the following:  

 

 Defining the relevant concepts of performance measurement, real-time 

performance measurement, performance metrics, and operations 

improvement.  
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 An evolution of performance measurement. Here the history of 

performance measurement and its changing nature is discussed. A 

discussion on performance measurement and real-time performance 

measurement frameworks is presented.  

 The concept of operational improvement focus areas for the business unit 

in question is presented. 

 Much of the chapter is focused on an in-depth discussion on key success 

factors for performance measurement and real-time performance 

measurement systems that enable operations improvement.  Key success 

factors for performance measurement systems in general are then applied 

to a real-time performance measurement system.  

 The end result is a model that forms the basis for testing the effectiveness 

of such a real-time system in enabling operations improvement. 

 

 

2.2. DEFINITION OF CONCEPTS 

 

The field of performance measurement is vast with various academics and 

companies using them for a multitude of applications. The discussion presented 

below is a definition of the main concepts upon which this study is based. Definitions 

are presented for the concepts of performance measurement, real-time performance 

measurement, performance metrics and operational improvement. 

 

2.2.1. Performance Measurement 

 

Neely, Gregory and Platts (2005:1228) state the topic of performance measurement 

is very often the subject of many discussions and articles but rarely is there a clear 

definition proposed for it. This section discusses the definition of performance 

measurement as sourced from literature. 

 

The online Oxford Dictionary (2012) defines performance as “the action or process of 

performing a task or function”.  Measurement is defined as “the action of measuring 

something” (Oxford Dictionary, 2012). Based on the above, performance 
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measurement can be described as the process of measuring how a task or function 

is being performed. Though this definition is broad and can be applied to many fields 

of study, it is used as a basis to define performance measurement for an 

organisation. 

 

The United States Government Accountability Office (2011:2) states that 

performance measurement is the monitoring and reporting of accomplishments 

towards predetermined objectives. This definition implies that the use of performance 

measurement is confined to monitoring and reporting on progress and discounts its 

use on improvement. 

 

Ittner, Larcker and Randall (2003:715) describe performance measurement as a 

strategic system that: 

 

 Provides information allowing an organisation to identify strategies that 

offer the highest potential for achieving the organisations’ goals. 

 Aligns management processes with the achievement of strategic goals. 

 

This definition of performance measurement is very much strategic in nature and 

implies that the use of financial and as well non-financial information is required. This 

definition also implies that performance measurement can be used for monitoring 

progress as well as improvement in certain areas, depending on what the strategic 

intent of the particular organisation is. It is also seen as enabling alignment of key 

business and management processes such as goal setting and decision-making 

(Ittner et al., 2003:715). 

 

Gates (2001:4) proposes a definition of performance measurement as a system that 

enables an organisation to translate strategies into deliverable results. He further 

states there must be a combination of financial, strategic and operational measures 

that allows management to determine the extent to which the company meets its 

targets. This definition of performance measurement highlights five key aspects:  
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 Performance measurement is based on a company’s strategic intent.  

 Performance measurement requires measuring predetermined key 

variables or performance metrics.  

 Performance metrics are not solely based on financial information, rather a 

combination of financial and non-financial data, and as such is multi-

dimensional. 

 Performance measurement is a tool for monitoring the delivery of targets. 

 Though not explicitly stated, performance measurement can be used for 

improvement of an organisation depending on the organisation’s strategic 

agenda. 

 

The literature review shows that the most widely quoted definition of performance 

measurement is that of Neely et al. (2005:1229) where performance measurement is 

defined as “the process of quantifying the efficiency and effectiveness of action”. The 

authors further elaborate that performance measures or metrics are used for 

quantifying the efficiency and effectiveness of action. They therefore assert that a 

performance measurement system can be described as the set of performance 

metrics used to quantify both the efficiency and effectiveness of actions and consists 

of three inter-related elements: 

 

 Individual performance metrics 

 The performance measurement system.  

 The relationship between the performance measurement system and the 

environment within which it operates. 

 

The definition presented above highlights several important aspects:  

 

 Performance measurement is focused on action.  

 Performance measurement requires measuring predetermined key 

variables or performance metrics. 

 Performance measurement is aimed at improvement and not only 

reporting and monitoring. 
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 Performance measurement is multi-dimensional based on a combination 

of performance metrics that constitute both financial and non-financial 

data. 

 Performance measurement systems require supporting infrastructure that 

enables data to be acquired, collated, analysed and interpreted for 

decision-making. 

 Though not explicitly stated in the definition, performance measurement is 

very much strategic in nature as the interaction with the operating 

environment is very much about reinforcing strategy (Neely et al., 

2005:1230) 

 

The definition presented by Neely et al. (2005:1229) best describes performance 

measurement. 

 

2.2.2. Real-Time Performance Measurement 

 

As with the definition of performance measurement, real-time performance 

measurement does not have a specific agreed upon definition. The discussion that 

follows is a presentation of the definitions of real-time performance measurement as 

sourced from a literature review. 

 

Many authors (Aberdeen Group, 2006:7; Azvine, Cui, Majeed & Spott, 2007:154; 

Chan, 2007:79; Kang, Kim & Kang, 2012:4) discuss the concept of real-time 

performance measurement without presenting a clear definition and refer to it simply 

as performance metrics that are measured in a zero-latency or instantaneous 

timeframe. 

 

The term “real-time” refers to frequency of measurement. In the context of 

manufacturing organisations, the timeframe of the transformation processes can 

range from seconds to minutes or even to hours. Therefore real-time performance 

measurement is based on measuring performance in the same timeframe as the 

manufacturing process (Barr, 2008:64).  
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Barr and Cook (2009:18) state that a proper real-time performance measurement 

system combines elements of finance, strategy and operations to provide in-time 

feedback to the right people to enable improvement. 

 

Gartner (2002:2) presents a definition of a real-time enterprise as one “that 

competes by using up-to-date information to progressively remove delays to the 

management and execution of its critical business processes”. Implicit in this 

definition, is that concept of using real-time metrics to improve the business. Gartner 

(2002:3) further describe the term “real-time” as using up-to-date information, as 

opposed to instantaneous or zero latency, meaning that the capture and 

transformation of data into useable information must be in as quick a time as 

required by the business to make a decision. 

 

Based on the definitions presented, real-time performance measurement, for the 

purpose of this research study, can be described as a system that consists of 

individual performance metrics that is measured in time with the manufacturing 

process. 

 

2.2.3. Performance Metrics 

 

The definitions of performance measurement presented in the preceding sections 

highlighted that performance is measured by metrics which collectively make up a 

performance measurement system. The following discussion is aimed at clearly 

defining performance metrics. 

 

As discussed above, Neely et al (2005:1229) define a performance metric as the 

variable used to quantify the efficiency and effectiveness of action. Though this 

definition of performance metrics links well to their proposed definition of 

performance measurement, other authors have also published their views on 

performance metrics 
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Lebas (1995:27) defines a performance metric as the measure that describes the 

performance of a unit or facility. This simplistic definition essentially means that a 

performance metric is the measured variable that describes performance. 

 

Grunberg (2004:56) states that a performance metric is gathered information about 

objects in need of improvement. The author further states (2004:66) that 

performance metrics are used in the analysis and diagnostic process to identify 

areas where improvement work can be conducted. This definition of a performance 

metric is very much based on improvement. 

 

Melnyk, Stewart and Swink (2004:211) state that “a metric is a verifiable measure, 

stated in either quantitative or qualitative terms and defined with respect to a 

reference point”. The authors further highlight several key elements of their 

definition: 

 

 A performance metric must be verifiable meaning the process used for 

converting raw data into a metric must be well documented, well 

understood and agreed upon by relevant parties. 

 Performance metrics must be in a numerical or nominal form. 

 For a performance metric to have any meaning, it must be compared to a 

reference point. 

 

2.2.4. Operational Improvement 

 

Feng, Terziovski and Samson (2007:26) define operations performance as the 

performance related to an organisation’s internal operational activities and includes 

aspects such quality and productivity. The online Oxford Dictionary (2012) defines 

improvement as the effort or action that makes something better than it currently is. 

Combining the definitions of operations performance and improvement above, one 

can describe operations improvement as the effort or action that makes an 

organisation’s internal operations better than it currently is. 
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Grunberg (2007:11) states that at an operational level, improvement is about 

identifying value streams and reducing waste and losses. 

 

Jorgensen, Laugen and Boer (2007:364) describe improvement as being a 

continuous activity and state that improvement refers to an initiative that consists of 

planned incremental changes that can be applied to an organisation or business unit. 

From an operational perspective, this definition can easily be applied to a 

manufacturing plant. 

 

 

2.3. THE EVOLUTION OF PEFORMANCE MEASUREMENT AND 

OPERATIONAL IMPROVEMENT 

 

2.3.1. The Birth of Performance Measurement and Operational Improvement 

 

The Industrial Revolution triggered the need for performance measurement and 

improvement initiatives and since then efforts to measure performance and improve 

manufacturing operations has garnered considerable attention (Grunberg, 2007:4).  

 

Before the Industrial Revolution companies dedicated their effort more towards the 

quality of products rather than the quantity. The work was very much labour intensive 

and workers had to go through very long and steep learning curves to reach the 

required skill levels. As such they were very hard to replace (Grunberg, 2004:52). 

The early 1900’s saw Henry Ford develop the mass production system which 

manifested as the assembly line concept. This in turn negated the problems of 

labour intensive production (Womack, Jones & Roos, 1990:24). The problem 

experienced with mass production was managing product differentiation and 

customisation efficiently and cost effectively (Womack et al., 1990:35). Analysis of 

the assembly line process, over time, led to improvement in mass production 

manufacturing (Grunberg, 2007:4), though it was not formally called performance 

measurement or operational improvement.  
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2.3.2. The Rise of the Japanese Philosophies 

 

The 1940’s and 1950’s saw intense competition between companies at a global level 

(Grunberg 2004:53). During this time a number of companies, especially the 

Japanese, were faced with a number of operational problems such as material 

waste, product defects, product quality and inventory holding which impacted 

competitiveness (Nudurupati, Bititci, Kumar & Chan, 2011:280). The need to be 

competitive resulted in the need to have more effective and efficient manufacturing 

operations, which in turn gave rise to performance measurement and improvement 

philosophies, techniques and tools (Upton, 1996:2). Many of the improvement 

techniques we know today were born from the Japanese need to improve 

operations, viz. total quality management, kaizen and just-in-time, which later 

evolved into lean manufacturing (Jacobs et al., 2009:404). These techniques and 

tools are based on measuring performance of certain key areas and analysing these 

performance metrics to find methods of improving operations (Jacobs et al., 

2009:314). These techniques focused on measuring non-financial metrics to improve 

operational performance (Jacobs et al., 2009:408).  

 

During this period, companies in the United States and Europe put a lot of emphasis 

on measuring financial metrics as a means to improving operational performance. 

The accounting systems formed the basis of performance measurement systems. 

Companies in these areas also put major effort into competing with advances in 

computer technology. The cost accounting models were developed for mass 

production with little product customisation (Nudurupati et al., 2011:280). This was a 

uni-dimensional model of performance which focused solely of financial measures. 

Furthermore, the measurement of these financial metrics was a means of monitoring 

and maintaining organisational control (Amaratunga & Baldry, 2002:217). 

 

By the 1980’s the Unites States companies started to lose market share to Japanese 

competitors who were able to maintain high quality production. There was 

recognition by the “western” countries that the Japanese economic success with 

limited resources was due to operational efficiency and effectiveness gained 

predominantly through using the concepts of total quality management and lean 
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manufacturing (Ghalayani & Noble, 1996:63; Nudurupati et al., 2011:280). These two 

concepts are briefly discussed below: 

 

 The total quality management concept can be defined as “managing an 

entire organisation so that it excels on all dimensions of products and 

services that are important to the customer” (Jacobs et al., 2009:308). It is 

an improvement philosophy that aims at careful design of products or 

services and ensuring that systems are in place to consistently reproduce 

the design (Jacobs et al., 2009:308). Powell (1995:16) states that total 

quality management is an integrated management philosophy and set of 

practices that focuses on, among others, continuous improvement, 

meeting customer product specifications and reducing waste and rework. 

Total quality management has been credited for producing operational 

management innovations such as quality circles, Hoshin planning and 

cellular manufacturing (Powell, 1995:16). 

 

 Lean manufacturing has evolved from just-in-time production concepts 

pioneered in Japan at Toyota, using the Toyota Production System. Lean 

(and just-in-time) manufacturing is an integrated set of activities designed 

to achieve production by focusing on minimising inventories and reducing 

waste. The lean logic is based on required parts arriving “just-in-time” and 

that nothing will be produced until it is required (Jacob et al., 2009:404).  

 

The Japanese operations management philosophies brought to light that 

performance measurement and improvement is more than just financial metrics but 

rather includes aspects of quality, flexibility, time, efficiency together with cost 

(Nudurupati et al., 2011:280). 

 

2.3.3. Beyond Financial Measurement 

 

Towards the late 1980’s and early 1990’s there was a realisation by many managers 

and academics that traditional performance measurement systems based on 

financial metrics were not enough to measure performance and improve operations, 
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especially if they were to compete on a global level (Kennerley & Neely, 2003:214). 

The rationale for requiring performance measurement systems to be based on more 

than just financial metrics is: 

 

 Financial metrics are lagging and historical in nature and thus gives little 

indication of expected future performance (Kennerley & Neely, 2003:214; 

Ghalayani & Noble, 1996:63; Parker, 2000:63). 

 Financial metrics encouraged short-termism in that decisions would be 

taken that benefited the organisation in the short term and could have 

detrimental consequences in the long term (Kennerley & Neely, 2003:214; 

Tangen, 2004:727; O’Mara, Hyland & Chapman, 1998:178; Bourne, 

2005:101; Najmi, Rigas & Fan, 2005:109). 

 Financial metrics were internally focused and inward looking (Kennerley & 

Neely, 2003:214; Parker, 2000:63). 

 Financial metrics can lack focus on organisational strategy (Kennerley & 

Neely, 2003:214; Tangen, 2004:727; Bourne, 2005:101; Ghalayani & 

Noble, 1996:63; Najmi et al., 2005:109). 

 Financial metrics are not focused on continuous improvement (Bourne, 

2005:101; Ghalayani & Noble, 1996:63; Bititci, Carrie & McDevitt, 

1997:523). 

 

The limitations of traditional performance measurement systems have seen 

companies overhaul their existing systems and implement ones that are based on 

their competitive circumstances (Kennerley & Neely, 2003:215). As such 

performance measurement evolved to serving a purpose for more than just 

monitoring financial metrics and financial performance. Based on the definition 

presented in section 2.2, performance measurement is required for monitoring in all 

areas of an organisation’s value chain, identifying success areas and bottlenecks 

and more importantly continuously improving the various areas of the business 

(Parker, 2000:63). 
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2.3.4. Performance Measurement Frameworks 

 

Many performance measurement frameworks have been developed that cater for 

both financial and non-financial information. The Balanced Scorecard is one such 

approach, developed by Kaplan and Norton in 1992 (Ahmed 2002:425). The 

balanced scorecard consists of an integrated set of financial and non-financial 

performance metrics that are derived from and support the organisation’s strategy 

(Garrison et al., 2008:438). Otley (1999:374) states that the balanced scorecard is a 

multi-dimensional approach to performance measurement and is linked with the 

organisational strategy. It is a system that generally categorises performance metrics 

into one of four areas; financial, customer, internal business process and learning 

and growth (Lipe & Salterio, 2000:284). The figure below shows the four areas of 

performance: 

 

Figure 2.1: Balanced Scorecard Framework 

 

Source: Otley (1999:374) 

 

The balanced scorecard has been used extensively since its inception and is the 

most popular and well known framework (Tangen, 2004:730; Tsang, Jardine & 

Kolodny, 1999:691). Ghalayani and Noble (1996:77) argue that the main weakness 

of this system is that it is designed to provide managers with an overall view of 

performance and therefore not applicable to factory operations level.  
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Another popular framework for performance measurement is the strategic 

measurement analysis and reporting technique (SMART) also known as the 

performance pyramid. This system was designed to ensure there is a clear link 

between performance metrics at different hierarchical levels in a company, so that all 

departments strive towards the same goal (Tangen, 2004:731). It links organisational 

strategy with operations via a top-down approach and measures from the bottom up 

(Laitinen, 2002:72).  

 

Figure 2.2: The Performance Pyramid 

 

Source: Tangen (2004:733) 

 

This system consists of a four tiered pyramid of objectives that address the 

organisation’s external effectiveness and internal efficiency. The system starts with 

strategy at the top which is translated into business unit objectives and measures at 

the next level. The lower level objectives and measures are determined from the 

objectives set by the tier above it. Measurement of performance is done from the 

day-to-day operations level and translated upwards back to the strategy (Laitinen, 

2002:73).   
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The performance pyramid is well suited to a manufacturing organisation, as the 

foundation of performance measurement is operational measures. This system also 

attempts to link organisational strategy with operational performance metrics. It is 

also clear that this performance measurement system uses a combination of 

financial and non-financial metrics. However, according to Ghalayani and Noble 

(1996:75) a shortfall of this system is that it does not explicitly integrate the concept 

of continuous improvement. 

 

The two frameworks described here are the more popular frameworks. There are 

however many other performance frameworks that exist.  Companies also tend to 

adopt certain operations management philosophies, such as Total Quality 

Management, described in section 2.3.2 above. Another such philosophy is 

Operations Excellence which is based on deriving operating elements that are based 

on optimising and improving operations by reducing costs, increasing availability, 

reduce losses and maintaining quality by operating to world class manufacturing 

practices (ABB, 2010:1). 

 

2.3.5. Real-Time Performance Measurement 

 

Martin (2010:2) states that the business environment is changing from transactional 

to real-time, in that many variables that were once static are experiencing much 

variability; and that operations need to now be agile to cope with changing demands 

of global markets. It is these driving forces that are shifting companies to start 

measuring performance in real-time. 

 

The improvement in information technology is seen as a key driver for operational 

improvement and performance measurement in real-time. The power of information 

technology can now make the collection and transformation of raw data into useable 

information a simple automated process (Chan, 2007:79; Fraser, 2010:7; Smith & 

Goddard, 2002:250).  

 

However, a benchmarking study conducted by the Aberdeen Group (2006:6) shows 

that a vast number of companies continue to perform data collection manually. They 
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further state that key performance metrics should be measured in real-time and that 

there is a correlation between measurement frequency and company performance, 

i.e. the more frequent the performance measurement, the better the company 

performance. The study further showed that Chevron Texaco’s El Segundo refinery 

had dramatically improved their bottom line results by implementing a real-time 

operations intelligence solution.  

 

Invensys (2011:2) show one such real-time methodology, which the company has 

patented as Dynamic Performance Measurement (DPM).  

 

Figure 2.3: DPM as a Real-Time Performance Measurement Tool 

 

Source: Barr (2008:70) 

 

This system combines real-time measurements at various plant levels and 

aggregates them up to the organisational level using business intelligence 

information technology systems. 

 

Authors such as Barr (2008:64), Subramanya (2011:72) and Buckbee (2007:54) 

state that operational metrics that were previously measured monthly, or daily can, 

by the use of information technology, be measured in real-time within the current 

performance measurement framework. 
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2.4. OPERATIONAL IMPROVEMENT FOCUS AREAS  

 

This section deals with discussing and assessing operational improvement focus 

areas for the business unit in question. As was previously discussed, improvement 

can be made at any level of the organisation. For the purposes of this study, 

improvement is focused on the operations of manufacturing plants in a business unit.  

 

Many authors have varying opinions in terms of the focus areas for improvement and 

performance measurement. Many of them agree that focus areas should be both 

financial and non financial, as discussed in section 2.3.3 above. The discussion 

presented below is based on focus areas that support operations performance 

measurement and improvement. 

 

The Aberdeen Group (2006:2) shows, from the results of a survey conducted among 

manufacturing companies that the following factors are putting increasing pressure 

on companies to perform better. All factors excluding market demand can be 

improved by improving company operations.  

 

Figure 2.4: Factors Relating to Organisation Competitiveness 

 

 

Source: Aberdeen Group (2006:2) 
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Grunberg (2007:5) states that, for a manufacturing plant, customer value is created 

at the operational level and it is here that improvement initiatives must be focused.   

 

Upton (1996:8) states that the precise nature of operations improvement is not 

always clear due to the wide variety of operations and the areas in which 

improvements can be made. There are nevertheless general or typical focus areas 

for operations improvement.  

 

Neely et al. (2005:1231) state that a problem with performance measurement is that 

focus areas are diverse. However operational focus areas can generally be broken 

down into one of quality, cost, flexibility and time. The authors further state that 

within these four areas there are different interpretations of what these generic terms 

mean. The figure below, sourced from Neely et al. (2005:1231) shows the various 

interpretations of the quality, cost, flexibility and time: 

  

Figure 2.5: Dimensions of Quality, Cost, Flexibility and Time 

 

 

 

 

 

 

 

 

Source: Neely et al. (2005:1231) 

 

Grunberg (2004:58) describes five generic dimensions operational performance, viz. 

speed, cost, quality, flexibility and dependability. Speed is described as delivery time 

and production throughput; quality is described as meeting customer specifications 

with minimal defects; cost is viewed as both internal production cost as well final 

selling price; flexibility is viewed as the ability of the operations team to react to 
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changes in demand or products ; and dependability is described as being reliable 

producer. The figure below summarises this. 

 

Figure 2.6: Dimensions of Operational Performance 

 

 

Source: Slack et al. (1998) cited by Grunberg (2007:58) 

 

The Aberdeen Group (2006:4) state that manufacturing operations can be divided 

into three generic areas of performance, viz. quality, delivery and price. The Group 

further state the price is viewed as manufacturing related costs; delivery is related to 

factors such as lead times, inventory, throughput and cycle times; and quality is seen 

as meeting product specification and compliance.  

 

Tangen (2004:729) and Grunberg (2007:47) describe another aspect of operations 

performance: efficiency. The authors describe efficiency as how well resources are 

used to deliver output. Koli and Rawat (2011:105) describe efficiency as enhancing 

the value of a business operation by having the right combination of people, 

processes and technologies. Based on the presented definitions, an increase in 

efficiency will result in driving down operations cost to the desired level.   

 

The manufacturing organisation on which the research is based is a continuous 

production facility supplying raw materials and utilities required for chemicals 
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production, as detailed in Chapter 1, section 1.5.2. The key operational focus areas 

are based on the generic dimensions described above but is, however, defined 

specifically for the strategic intent of the business. 

 

A discussion with business unit Managing Director (Fourie, 2012) and Operations 

General Manager (Hanekom, 2012) revealed insights regarding the key operational 

focus areas for the business unit under investigation. 

 

Cost competitiveness is a key strategic driver for the organisation as a whole. From 

an operational perspective, it is the reduction of both fixed and variable costs. From 

an operational performance perspective, variable cost of operations can be 

influenced and improved upon on a continuous basis. Because this company is 

placed in the upstream sector of the chemicals industry, production at lowest 

possible cost is vital. Hence variable cost is a key operational focus area and has 

metrics that form part of the real-time performance measurement system for the 

various operating plants. 

 

Operational efficiency is another key focus area. Here efficiency is seen as the 

ratio of inputs used in the production process to useable outputs obtained from the 

process. The driver is to improve the efficiency of operations, i.e. produce more 

products for the same amount of raw material. This is a key focus area and has 

metrics that form part of the real-time performance measurement system for the 

various operating plants.  

 

The last key operational focus area is a concept described as full order on time. 

This means that a specific operating plant must deliver to their customers the pre-

agreed volumes of product at the pre-agreed quality specification and at a pre-

agreed availability. Lower volumes result in downstream plants producing less final 

product. Poor quality affects downstream plants ability to produce their required 

product volumes and increases their waste. In the event that quality goes out of 

specification, customers may not take the product resulting in losses for the 

producing plant. Infringing on pre-agreed availability rates has a ripple effect down 

the value chain in terms of market supply. Hence this dimension of operations is a 
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critical operations and business driver. This focus area has key metrics that form part 

of the real-time performance measurement system for the various operating plants. 

 

 

2.5. SUCCESS FACTORS FOR PERFORMANCE MEASURMENT SYSTEMS 

 

The main focus of this section is to identify factors that contribute to the success of a 

performance measurement system in enabling operations improvement. The 

success factors being discussed in this study are: 

 

 Those that can be generally applied to any type of performance 

measurement system. These general success factors will then be applied 

to a real-time performance measurement system. 

 Those that are specific to real-time performance measurement systems 

 

The combined result will be a set of success factors that will be applied to test the 

effectiveness of a real-time performance measurement system in enabling 

operations improvement. 

 

2.5.1. Focus on Improvement 

 

As discussed in section 2.3.3, performance measurement systems provide various 

functions for an organisation, one of them being improvement, which is the focus of 

this research study.  

 

Kennerley and Neely (2003:219) state that performance measurement systems must 

focus on the improvement aspect of a business. Ghalayani & Noble (1996:71) state 

that the performance measurement system must be designed such that it enables 

the company to achieve continuous improvement in its operations which is required 

to build and sustain a competitive advantage and increase market share. Grunberg 

(2004:70) discusses that organisations have to seek to continuously improve 

operational performance if they are to remain competitive and therefore need to have 

a performance measurement system that encourages focus on improvement, rather 
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than just monitoring and reporting. Johnston, Brignall and Fitzgerald (2002:261) 

concluded, from their study on performance measurement effectiveness, that 

companies must use performance measurement as a facilitator for improvement and 

not just for the sake of monitoring and reporting. 

 

Parker (2000:63) states that not only must performance measurement allow the 

organisation to monitor and analyse their performance, it must be a driver for 

improvement. Neely et al. (2005:1245) state that a performance measurement 

system must be designed to stimulate continuous improvement rather than just 

monitor. Parker (2000:63) and Neely et al. (2005:1245) argue that having a 

performance measurement system that contains metrics geared toward 

improvement is good but it must also stimulate the behaviour of employees towards 

improvement. Nudurupati et al. (2011:282) and Braz, Scavarda and Martins 

(2011:752) also argue that a performance measurement system needs to encourage 

behaviour of employees towards improvement. 

 

It can be concluded that, from a literature perspective, a performance measurement 

system must be focused on improvement and drive behaviour towards improvement. 

Applying this to the real-time domain; the following items will be tested for this 

success factor: 

 

 The real-time performance measurement system is designed to be focused 

on operational improvement. 

 The real-time performance measurement drives behaviour towards 

operational improvement. 

 

2.5.2. Alignment with Strategy 

 

The definition of performance measurement presented by Gates (2001:4) and Ittner 

et al. (2003:715), discussed in section 2.2.1, is based on its alignment with strategy, 

i.e. there must be a direct link between a performance measurement system and 

strategy, be it for the organisation as a whole or for different business units. 
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Neely et al. (2005:1241) state that a performance measurement system must be 

positioned in a strategic context as they must influence what employees do. Hence 

the individual metrics making up the performance measurement system must be 

derived from the organisation’s strategy and must be used to reinforce the 

importance of certain strategic objectives. The article presented by the authors show 

instances of various companies’ success in aligning their performance measurement 

systems with organisation strategy.  

 

Tangen (2004:727) argues that a performance measurement system must support 

and be aligned with the company’s strategic objectives. If there is no alignment, the 

performance measurement system may support counter-productive decision-making, 

having the opposite effect of that intended by the strategy. 

  

Allio (2006:259) states that successful organisations develop their performance 

measurement system based on metrics that align with their strategic objectives. 

Each performance metric must have a direct link to the organisation’s strategy. Najmi 

et al. (2005:109) state proper alignment between strategy and a performance 

measurement system can facilitate proper communication of the strategy to all levels 

of the organisation.   

 

Martin (2008:9) states that performance metrics should be based on the Vollman 

triangle in which each performance metrics is directly linked with strategy and 

actions that enable that strategy. 

 

Various other authors (Johnston et al., 2002:256; Bourne, Kennerley & Franco-

Santos, 2005:377; Elg, 2007:218; Parker, 2000:65) concur with the arguments 

presented above: that a performance measurement must be aligned with strategy. 

 

It can therefore be concluded that, from a literature perspective, a performance 

measurement system must be aligned with strategy. Applying this to the real-time 

domain; the following item will be tested for this success factor: 

 

 The real-time performance measurement system is aligned with the 

operations and overall business unit strategy. 
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2.5.3. Balanced Performance Measurement System 

 

Section 2.3.3 discussed the limitations of having a performance measurement 

system that is based solely on financial metrics. Therefore, many authors and 

academics suggest that a performance measurement system should have a 

balanced approach in terms of the metrics used.  

 

Gunasekaran, Patel and Tirtiroglu (2001:72) state that it is important to have metrics 

based on financial and non-financial data to have a balanced understanding of an 

organisation’s performance. An unbalanced approach will present a skewed picture 

of the performance of the organisation leading to poor decision-making. 

 

Tangen (2004:728) suggests that a performance measurement system should 

contain a balanced set of metrics which is focused on financial and non-financial 

data and also on short and long term objectives. 

 

Najmi et al. (2005:109) state it is important that a performance measurement system 

be multi-dimensional and balanced if it is to be used as a tool to drive an 

organisation forward. Furthermore, the authors state that the system must cover 

financial and non-financial data and have metrics focused on short term and long 

term results. 

 

Kald and Nilsson (2000:114) and Bourne (2005:102) also state that performance 

measurement systems must be based on both financial and non-financial data and 

be based on metrics that focus on short and long term objectives. 

 

From a real-time performance measurement perspective, Barr (2008:64) states that 

the available IT infrastructure can support measuring both financial and non-financial 

metrics in time with the manufacturing process.  

 

It can therefore be concluded that, from a literature perspective, it is important to 

have a balance performance measurement system that contains both financial and 

non-financial data as well as metrics focused on short and long term objectives. 
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Applying this to the real-time domain; the following items will be tested for this 

success factor: 

 

 The real-time performance measurement system contains a mix of both 

financial and non-financial metrics. 

 A real-time performance measurement contains metrics that are focused 

on both long and short term objectives. 

 

2.5.4. Limited Number of Critical Performance Metrics 

 

In section 2.2.1, it was highlighted that a performance measurement system is a 

collection of individual performance metrics. Therefore, a performance measurement 

system can contain any number of chosen metrics. This section discusses various 

authors’ views on the number of metrics used. 

 

Tangen (2004:728) states that to drive appropriate behaviour towards improvement, 

it is necessary to limit the number of performance metrics. Too many performance 

metrics can create information overload which can lead to users ignoring the system. 

Bendoly, Rosenzweig and Stratman (2007:258) state that the rationale behind 

having a limited number of metrics is to ensure focused decision-making. Too many 

metrics can lead to uncertainty, information overload and misaligned decisions. This 

ultimately affects the ability of the company to achieve their strategic objective. De 

Waal and Counet (2009:370) echo the above mentioned sentiments stating that too 

many performance metrics lead to information overload with too little time for focus 

on each indicator. 

 

Braz et al. (2011:752) state that if a performance measurement system contains too 

few or too many metrics, it increases the risk of reporting and feedback inaccuracy 

which could hamper effective decision-making. The number of metrics chosen 

should be based on the need for the most important information that is required for 

decision-making. 
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Others authors (Neely et al., 2005:1241; Allio, 2006:261) concur with the approach 

that a performance measurement system should contain a limited number of critical 

metrics. Johnston et al. (2002:257) states that organisations have a problem of 

measurement proliferation which impacts their ability to continuously improve and 

compete.  

 

Goomas, Smith and Ludwig (2011:207) state that one of the key factors for the 

success of a real-time performance measurement system is to limit the number of 

metrics to only those that are critical. The rationale for this is that it will improve the 

speed and effectiveness of business operations.  

 

It can therefore be concluded that, from a literature perspective, having a limited 

number of critical performance metric is essential to the success of a performance 

measurement system.  Applying this to the real-time domain; the following items will 

be tested for this success factor: 

 

 The real-time performance measurement system contains a limited 

number of metrics. 

 The real-time performance measurement contains only critical metrics. 

 

2.5.5. The Right Performance Metrics are being Measured 

 

De Waal and Counet (2009:370) state that if organisations don’t choose and 

measure the right metrics, they become irrelevant. As such they are not used by 

employees or used in the wrong manner, i.e. poor decision-making due to irrelevant 

information. 

 

Buckbee (2007:54) states that a real-time performance measurement system can 

only enable operational improvement if the right metrics are being measured. 

Incorrect metrics will result in poor decision-making. Goomas et al. (2011:207) 

discuss a similar concept, stating that a real-time system must deliver employees 

with the right information to enable operational improvement. 
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It can therefore be concluded that, from a literature perspective, it is important to 

have the right metrics being measured to ensure a successful performance 

measurement system. It is clear this factor pertains both to a general system as well 

as a real-time system. The following item will be tested for this success factor: 

 

 The right metrics are being measured as part of the real-time performance 

measurement system. 

 

2.5.6. Clear Visibility of Performance Metrics 

 

One of the key factors for the success of real-time performance measurement is 

having clear visibility of the performance metrics. Goomas et al. (2011:205) showed 

that higher performance rates were achieved by a work group that had clear visibility 

of their real-time metrics via overhead scoreboards. Fraser (2010:6) showed similar 

results: organisations that make their real-time metrics clearly visible to employees 

are more likely to gain operational improvement over organisations that do not.  

 

The concept of clear visibility of performance metrics, especially in the real-time 

domain, has been emphasised by Martin (2010:7). The author states that 

dashboards containing the real-time performance metrics must be developed for all 

operations personnel and can be differentiated for the various functional levels. This 

will ensure the maximum impact towards improvement for operations personnel as 

they can see the effect of their actions and make more informed decisions. 

 

Subramanya (2011:73) and Thorpe and Kerr (2011:53) state that visible dashboards 

containing the real-time performance metrics facilitates operations personnel to be 

proactive in operations improvement enabling action and decision-making. 

 

It can therefore be concluded that, from a literature perspective, clear visibility of 

performance metrics, especially in the real-time domain is a key success factor. 

Hence the following item will be tested for this success factor: 
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 The real-time performance measurement system has performance metrics 

displayed on clearly visible dashboards, scoreboards or overhead screens. 

 

2.5.7. Stimulate Action 

 

Johnston et al. (2002:259) show in their research that a key factor in ensuring that 

performance measurement systems are successful is that they must be focused on 

taking action, specifically towards the improvement goals. The performance metrics 

used must be able to stimulate employees to act on it and see the impact of their 

actions. 

 

Kennerley and Neely (2003:220) state that one of the key questions that must be 

asked during the design phase of a performance measurement system is “can, and 

will, the data be acted upon?” Should the system fail to stimulate action, 

performance metrics must be modified or overhauled to ensure that proper metrics 

are in place that serves to stimulate action. 

 

Barr and Cook (2009:19) state that real-time performance metrics must be 

actionable, especially at the operator level as this will drive proactive behaviour 

towards improvement as these employees can immediately see the benefits of their 

actions. Buckbee (2007:54) highlights that an actionable performance metric helps 

lead the employee to take corrective action to a problem. 

 

It can therefore be concluded that, from a literature perspective, having performance 

metrics that stimulate action is essential to the success of a performance 

measurement system. It is clear this factor pertains both to a general system as well 

as a real-time system. Hence the following item will be tested for this success factor: 

 

 The real-time performance measurement system stimulates and drives 

action towards improvement in each of the key operational focus areas. 
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2.5.8. Clearly Defined Performance Metrics and Targets 

 

Bourne et al. (2005:375) state that the specific definition of the performance metric is 

important to all users of the performance measurement system, as properly defined 

metrics, that are aligned with strategy, facilitates better understanding and 

communication of the strategy. Furthermore it also stimulates the desired behaviour 

in employees. 

 

De Waal and Counet (2009:370) state if an organisation does not clearly define the 

relevant performance metrics to users of the performance measurement system, it 

will create a lack of understanding of the intent of the system and will result in doubt 

and distrust of the metrics. Users may therefore simply give up in using the system 

altogether. 

 

Tangen (2004:728) argues that each performance metric must have a purpose and 

be defined in an unambiguous way to all users of the performance measurement 

system. Furthermore these metrics must have specific targets. Allio (2006:259) 

states that the key factor for a performance measurement system is that the metrics 

used must be clearly understood by all users. The rationale presented by the author 

is that the usefulness of the metrics hinges on its transparency.  

 

Ghalayani and Noble (1996:71) state that apart from clearly defining the metrics 

used for improvement, clear goals or targets need to be set for each metric. The 

goals must be carefully set so that users of the system are motivated to use it. 

Parker (2000:66) displays a similar view in that performance metrics and targets 

must be clearly defined. The targets chosen must realistic and achievable to 

motivate employees to reach them. 

 

Subramanya (2011:72) states that one of the steps in the design of a real-time 

performance measurement system must be to establish realistic targets for each 

performance metric. Barr and Cook (2009:21) state that employees who know and 

understand the definition of each performance metrics will be more able to drive 

operational improvement towards the specified target. 
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It can therefore be concluded that, from a literature perspective, it is important to 

have clearly defined performance metrics and corresponding targets to ensure a 

successful performance measurement system. It is clear this factor pertains both to a 

general system as well as a real-time system. Hence the following items will be 

tested for this success factor: 

 

 The real-time performance measurement system has clearly defined 

performance metrics to enable improvement in each of the key operational 

focus areas. 

 The real-time performance measurement system has clearly defined 

targets for each performance metric to enable improvement in each of the 

key operational focus areas. 

 

2.5.9. Review of Performance Measurement System 

 

Bourne et al. (2005:377) emphasise the need for continuous review of the 

performance measurement system and redesigning or refreshing the metrics and 

their targets when the need arises, such as a change in strategic focus. The authors 

further argue that should the system not be updated in line with changing 

organisational and environmental needs, the performance measurement system will 

lose its effectiveness over time. 

 

Bititci, Turner and Begemann (2000:696) state that a formal review system is 

required to update the performance measurement system (including metrics and 

targets) which is dictated by changes in the internal or external environment. 

 

Kennerley and Neely (2003:215) argue that a performance measurement system 

must reflect the strategic context and objectives of the organisation. They further 

state that at the time of design and implementation, the system fulfils its intent in 

terms of the metrics being measured. However, as the external and internal business 

environment changes so too must the performance measurement system change. 

Hence effective maintenance and review of the system is required. 
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Najmi et al. (2005:119) state that organisations use a performance measurement 

system as the basis for their operations improvement and as such need to ensure 

that it is constantly maintained by a systematic review process based on changes to 

the company’s or business unit’s strategic objectives. 

 

De Waal and Counet (2009:371) echo similar sentiments, stating that if the 

performance measurement system is not updated with changing business 

circumstances, it will loose its relevance and will result in employees completely 

abandoning the system. 

 

Goomas et al. (2011:207) make the argument that if real-time performance metrics 

and their corresponding targets are not periodically reviewed and updated, 

operational improvement will not be maintained and the benefits of having such a 

system will eventually be non-existent. 

 

It can therefore be concluded that, from a literature perspective, reviewing of a 

performance measurement system is essential to it being a success. It is clear this 

factor pertains both to a general system as well as a real-time system. Hence the 

following items will be tested for this success factor: 

 

 Each real-time performance metric, for each of the key operational focus 

areas, is reviewed as organisational or operational circumstances change. 

 Each real-time performance metric target, for each of the key operational 

focus areas, is reviewed as organisational or operational circumstances 

change. 

 

2.5.10. Facilitates Decision–Making  

 

Ukko, Tenhunen and Rantanen (2007:39) state that one of the main objectives of a 

performance measurement system is to deliver information that facilitates and 

supports good decision-making.  
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Chan and Qi (2003:210) state that a performance measurement system can be an 

indispensable tool that aids decision-making, provided that the performance metrics 

are designed in such a way.  

 

Parker (2000:65) suggests that a performance measurement system should make 

employees’ jobs easier by providing them with information that is truly helpful. In light 

of the drive towards continuous improvement, the information arising from the 

system must assist an organisation in effective decision-making. The research done 

by Johnston et al. (2002:260) shows organisations view the role of performance 

measurement as a key enable and facilitator of the decision-making process.  

 

Elg (2007:220) states that a performance measurement system must transform raw 

data into usable information with the purpose of enabling organisational decision-

making. Gunasekaran, Patel and McGaughey (2004:335) state that performance 

metrics must enable and facilitate decision-making at all levels in the organisations, 

from shopfloor operational level up to corporate strategic level. 

 

Thorpe and Kerr (2011:53) state that a real-time performance measurement system 

which provides real-time information gives personnel better insight into operations 

and creates a foundation for better decision-making. Barr (2008:63) echoes similar 

sentiments to that of Thorpe and Kerr, stating that real-time performance data 

enables business to make better, more-informed decisions. 

 

Chan (2007:81) states that a real-time system allows personnel to make prompt 

decisions during the production process due to the timeliness of performance data. 

Goomas et al. (2011:198) highlight that historically, the feedback loop from data 

collection to making a decision was long and time consuming. Real-time 

measurement enables employees and managers to make decisions almost 

immediately. 

 

Subramanya (2011:73) states that the real-time performance measurement enables 

faster decision-making which leads to optimisation of operations. The author further 

asserts that the real-time approach to performance measurement facilitates better 

and optimal decision-making. 
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It can therefore be concluded that, from a literature perspective, a performance 

measurement system must be a facilitator of decision-making. It must be noted that 

a performance measurement system should support decision-making and a real-time 

system should enable more-informed and faster decision making. Hence the 

following items will be tested for this success factor:  

 

 The real-time performance measurement system facilitates decision-

making in each of the key operational focus areas which enables 

operations improvement. 

 The real-time performance measurement system facilitates faster 

decision-making in each of the key operational focus areas which enables 

operations improvement. 

 The real-time performance measurement system facilitates more informed 

decision-making in each of the key operational focus areas which enables 

operations improvement. 

 

 

2.6. MODEL FOR DEVELOPING A REAL-TIME PEFORMANCE MEASURMENT 

QUESTIONNAIRE 

 

The key success factors described above have been summarised in Table 2.1 and 

Table 2.2 below. These factors form the basis of the questionnaire that will test the 

effectiveness of the implemented real-time performance measurement system in 

enabling operations improvement. 

 

Table 2.1 one contains success factors that apply generally to a real-time 

performance measure systems and operational improvement. Table 2.2 contains 

success factors that apply generally to a real-time performance measurement 

system and specifically to the three key operational focus areas of the business unit 

in question, viz. variable cost, operational efficiency and full order on time. 
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Table 2.1:  Key Success Factors for a Real-Time Performance Measurement System 

 

   Key Success Factor Cited Authors 
  

 

 
    

1 Focus on improvement Ghalayani & Noble (1996:71) 

  
Grunberg (2004:70) 

  
Johnston et al. (2002:261) 

  
Kennerley & Neely (2003:219) 

  
Neely et al. (2005:1245) 

  
Parker (2000:63) 

 
    

   
2 Drives behaviour towards improvement Braz et al. (2011:752) 

  
Neely et al. (2005:1245) 

  
Nudurupati et al. (2011:282) 

  
Parker (2000:63) 

 
    

   
3 Alignment with business unit strategy Allio (2006:259) 

  
Bourne et al. (2005:377) 

  
Elg (2007:218) 

  
Gates (2001:4) 

  
Ittner et al. (2003:715) 

  
Johnston et al. (2002:256) 

  
Martin (2008:9) 

  
Najmi et al. (2005:109) 

  
Neely et al. (2005:1241) 

  
Parker (2000:65) 

  
Tangen (2004:727) 

 
    

   
4 Balanced Performance Measurement System Barr (2008:64) 

 
(financial and non-financial data) Bourne (2005:102) 

 
(short and long term objectives) Gunasekaran et al. (2001:72) 

  
Kald & Nilsson (2000:114) 

  
Najmi et al. (2005:109) 

  
Tangen (2004:728) 

 
    

   
5 Limited number of critical performance metrics Allio (2006:261) 

  
Bendoly et al. (2007:258) 

  
Braz et al. (2011:752) 

  
De Waal & Counet (2009:370) 

  
Goomas et al. (2011:207) 

  
Johnston et al. (2002:257) 

  
Neely et al. (2005:1241) 

  
Tangen (2004:728) 
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  6 Right performance metrics are being measured Buckbee (2007:54) 

 
 

De Waal & Counet (2009:370) 

 
 

Goomas et al. (2011:207) 

 
    

 
  7 Clear visibility of performance metrics  Fraser (2010:6) 

  
Goomas et al. (2011:205) 

  
Martin (2010:7) 

  
Subramanya (2011:73) 

  
Thorpe & Kerr (2011:53) 

      

    

Table 2.2:  Key Success Factors for a Real-Time Performance Measurement System 
Specific to Key Operational Focus Areas 

   Key Success Factor Cited Authors 
    

   8 Stimulate action Barr & Cook (2009:19) 

  
Buckbee (2007:54) 

  
Johnston et al. (2002:259) 

  
Kennerley & Neely (2003:219) 

 
    

   
9 Clearly defined performance metrics Allio (2006:259) 

  
Barr & Cook (2009:21) 

  
Bourne et al. (2005:375) 

  
De Waal & Counet (2009:370) 

  
Ghalayani & Noble (1996:71) 

  
Parker (2000:66) 

  
Tangen (2004:728) 

 
    

   
10 Clearly defined targets for each performance metric Ghalayani & Noble (1996:71) 

  
Parker (2000:66) 

  
Subramanya (2011:72) 

  
Tangen (2004:728) 

 
    

   
11 Performance metrics are reviewed regularly Kennerley & Neely (2003:215) 

  
Bititci et al. (2000:696) 

  

Bourne et al. (2005:377) 

  

De Waal & Counet (2009:371) 

  

Goomas et al. (2011:207) 

  

Najmi et al. (2005:119) 
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   12 Targets are reviewed regularly Bititci et al. (2000:696) 

  
Bourne et al. (2005:377) 

  
De Waal & Counet (2009:371) 

  
Goomas et al. (2011:207) 

  
Kennerley & Neely (2003:215) 

  
Najmi et al. (2005:119) 

 
    

   
13 Facilitates decision-making Chan & Qi (2003:210) 

  
De Waal & Counet (2009:371) 

  
Elg (2007:220) 

  
Johnston et al. (2002:259) 

  
Parker (2000:65) 

  
Gunasekaran et al. (2004:335) 

  
Ukko et al. (2007:39) 

 
    

   
14 Facilitates faster decision-making Chan (2007:81) 

  
Goomas et al (2011:198) 

  
Subramanya (2011:71) 

 
    

   
15 Facilitates better decision-making Barr (2008:63) 

 
 

Subramanya (2011:71) 

 
 

Thorpe & Kerr (2011:53) 

      

    

 

The literature review conducted reveals that all sources consulted pertaining to the 

key factors for success discussed in section 2.5 contain two assumptions that are 

prerequisites for the success factors itself. The first is that the employees are aware 

of the existence of a real-time performance measurement system. The second is that 

employees do in fact use the real-time system for either monitoring or for 

improvement purposes. This research study will explicitly assess this as part of the 

developed questionnaire to determine if the results obtained are impacted by 

existence or lack of these two factors.  

 

The aim of this study is to determine the effectiveness of a real-time performance 

measurement system in improving operations. Table 2.1 and 2.2 contains factors 

that implicitly test this. For the purpose of this study, this will be explicitly tested as 

part of the developed questionnaire. Hence the following items will be included in the 

questionnaire:  
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 Employees are aware that a real-time performance measurement system 

exists for their respective plants. 

 The real-time performance measurement system is used for monitoring 

purposes. 

 The real-time performance measurement system is used for operational 

improvement purposes. 

 The real-time performance measurement system is an effective tool in 

improving operations. 

 

 

2.7. CHAPTER SUMMARY 

 

This chapter pertained to reviewing literature on the concepts of performance 

measurement, real-time performance measurement and operational improvement. 

Definitions of these key concepts were presented and discussed to set a foundation 

for understanding the context of the research study.  

 

An evolution of performance measurement and operational improvement was then 

presented, starting with organisational efforts post Industrial Revolution to the advent 

of the Japanese quality system, then to modern day performance measurement 

frameworks and finally to the use of information technology solutions to obtain a real-

time performance measurement system. This exposition was conducted with the 

intention of gaining and providing insight into the ongoing efforts to improve 

operations and various methods that have been used through time. 

 

Specific areas of operational improvement were discussed; illustrating that the 

manufacturing environment is vast with diverse areas of operations. Focus for 

improvement can generally be directed to one of four (or five) broad areas, viz. cost, 

quality, speed, flexibility (and/or dependability). For the purpose of this research 

study, specific key operational focus areas for the business unit in question was 

obtained via discussion with company senior management personnel. 
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Much emphasis was place on the latter part of the chapter where key success 

factors for performance measurement and real-time performance measurement 

systems were analysed and discussed. Factors generally applicable to a 

performance measurement system were applied to a real-time system to develop a 

model of a successful and effective real-time performance measurement system 

aimed at operational improvement. The factors presented as being key to the 

success of a performance measurement system and that will be tested via the 

questionnaire are: 

 

 Awareness 

 Use of System 

 Effectiveness of System in Improving Operations 

 Focus on improvement 

 Alignment with strategy 

 Balance performance measurement system 

 Limited number of critical performance metrics 

 Right performance metrics are being measured 

 Clear visibility of performance metrics 

 Stimulate action 

 Clearly defined performance metrics and targets 

 Review of performance measurement system 

 Facilitates decision-making.  

 

The above factors are further divided into two groups, one that applies generally to a 

real-time performance measurement system and operations improvement, and the 

other that applies generally to a real-time performance measurement system and 

specifically to each key operational focus area for the business unit in question. 

 

This literature review has set the scene for the empirical study that follows in Chapter 

3, where the results of the model that was tested is analysed, presented and 

discussed. 
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CHAPTER 3  

EMPIRICAL STUDY   

 
 

3.1. INTRODUCTION 

 

The primary objective of this research study is to evaluate the effectiveness of a real-

time performance measurement system in enabling operations improvement within a 

business unit of a South African petrochemical company. The literature review in 

Chapter 2 set the foundation for developing a questionnaire which was used to test 

the business unit employees’ perception of the real-time performance measurement 

system in enabling operations improvement. 

 

This chapter details the empirical research that was conducted with aim of meeting 

the objectives of this study. In particular, this chapter focuses on the following: 

 

 A discussion of the scope of the quantitative research method. 

 An insight into the demographic distribution of the respondents. 

 The reliability and validity of the questionnaire. 

 An assessment of the real-time performance measurement system in 

improving operations using descriptive statistics. 

 An assessment of the relationship between selected demographic 

variables and the identified success factors 

 The impact that each success factor has on the use of the real-time 

performance measurement system. 

 The impact that each success factor has on the effectiveness of the real-

time performance measurement system to enable improvement in 

operations. 
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3.2. SCOPE OF THE QUANTITATIVE RESEARCH 

 

This section addresses the scope of the quantitative research. It focuses on the 

design of the research study; the design of the questionnaire; the sampling and data 

collection method; and the statistical analysis of the collected data. 

 

3.2.1. Research Design 

 

According to Cummings and Worley (2009:197) the aim of research design is to 

establish how to design an assessment or evaluation to achieve valid results. 

Welman et al. (2005:52) state that research design is the plan according to which the 

researcher determines from whom or where data will be collected, how the data will 

be collected, the instrument to be used for data collection and how the data will be 

analysed. The research can be classified as either explorative or descriptive. Collis 

and Hussey (2009:5) describe explorative and descriptive research as follows: 

 

 Explorative research is conducted when the research problem is not well 

defined. The aim of this type of research is to determine patterns, ideas or 

hypothesis. The focus is very much on gaining insights and familiarity with 

the subject area so that more rigorous research can be conducted at a 

later stage. 

 Descriptive research is conducted to describe phenomena as they exist. 

This type of research is more rigorous than explorative research in that it is 

used to ascertain and describe the characteristics of the pertinent issues 

of a research problem. It deals with the “what, when, who, how and where” 

of a problem. 

 

From the discussion presented above, it can be concluded that descriptive research 

is applicable for this study based on the problem statement in section 1.3. 

Furthermore, this descriptive research can be classified as applied research. Collis 

and Hussey (2009:7) define applied research as a study that attempts to solve a 

specific, existing problem based on application of existing knowledge.  
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3.2.2. Questionnaire Design 

 

The measuring instrument that was used for data collection for this study is a 

questionnaire. According to Burgess (2001:1), a critical part of good research design 

is to ensure that the questionnaire design addresses the need of meeting the 

research objectives. The questionnaire used for this study is a self developed 

questionnaire based on a review of the relevant literature pertaining to the research 

problem and objectives. The reliability and validity of the questionnaire will be tested 

as part of the statistical analysis of the collected data. 

 

The questionnaire uses a five-point Likert scale and the respondents must indicate 

the extent to which they agree or disagree with a given statement. The following 

scale was adopted for the questionnaire: 1 = Strongly Disagree, 2 = Disagree, 3 = 

Neutral, 4 = Agree and 5 = Strongly Agree. 

 

The questionnaire contains two sections. Section A of the questionnaire contains the 

demographic information of the respondents which include years of experience, job 

role, gender, qualification and age group. Section B of the instrument, covers 

statements relating to the real-time performance measurement system. It covers the 

ten success factors discussed and reviewed in detail in the literature study (see 

section 2.6), as well as statements that are intended to ascertain the following: 

 

 Are employees aware of the implementation of a real-time performance 

measurement system? 

 Do employees use the real-time performance measurement system? 

 Do employees believe the real-time performance measurement system to 

be an effective tool in improving operations? 

 

The questionnaire contains statements linked to the success factors that apply 

generally to the real-time performance measurement system; coded as “G” and 

statements that apply specifically to the different key operational focus areas; coded 

as “E” for operational efficiency, “F” for full order on time and “C” for variable cost. 

The questionnaire breakdown is as follows: 
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Table 3.1: Questionnaire Breakdown 

Factor Number of 
Questions 

Question Code 

Awareness 1 G1 

Use of System 2 G2, G3 

Effectiveness of System in Improving Operations 1 G4 

Focus on Improvement 2 G5, G6 

Alignment with Strategy 1 G7 

Balanced Performance Measurement System 2 G8, G9 

Limited Number of Critical Performance Metrics 2 G10, G11 

Right Performance Metrics are being Measured 1 G12 

Clear Visibility of Performance Metrics 1 G13 

Stimulate Action 3 
 

 
Operational Efficiency 1 E1 

 
Full Order on Time 1 F1 

 
Variable Cost 1 C1 

Clearly Defined Performance Metrics and Targets 6 
 

 
Operational Efficiency 2 E2, E3 

 
Full Order on Time 2 F2, F3 

 
Variable Cost 2 C2, C3 

Review of Performance Measurement System 6 
 

 
Operational Efficiency 2 E4, E5 

 
Full Order on Time 2 F4, F5 

 
Variable Cost 2 C4, C5 

Facilitates Decision-Making 9 
 

 
Operational Efficiency 3 E6, E7, E8 

 
Full Order on Time 3 F6, F7, F8 

 
Variable Cost 3 C6, C7, C8 

 

The questionnaire used in this study is attached in Appendix A. 

 

3.2.3. Sampling and Data Collection 

 

Cummings and Worley (2009:129) state that it is important to ensure that the sample 

of people, behaviours or records adequately represents the characteristics of the 

total population. This research study deals with testing the effectiveness of a real-

time performance measurement system for manufacturing process plants at which 

this system has been implemented within the business unit in question. This system 

is intended to be geared towards improving the production process. The table below 

lists all relevant disciplines associated with plant operations and highlight the 

applicable disciplines which use the real-time system on a frequent basis: 
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Table 3.2: Applicable Study Population Group 

Operations Discipline Use of Real-Time 
System 

Production Yes 

Instrumentation Maintenance  No 

Mechanical Maintenance  No 

Electrical Maintenance  No 

Operations Management Yes 

Technical or Engineering Yes 

 

The rationale for the above table was based on discussions with the various plants’ 

operations and discipline managers. The target population is therefore based on the 

number of employees within business unit in question that works in the relevant 

discipline as specified in Table 3.2 above. The table below defines the target 

population for this study: 

 

Table 3.3: Number of Applicable Employees 

Operations Discipline Number of 
Employees 

Production 79 

Technical  19 

Operations Management 10 

Total 108 

 

The applicable target population in Table 3.3 was obtained by physically counting the 

number of employees as per the official organogram for each of the plants within the 

business unit that has implemented a real-time performance measurement system. 

The target population for the study is therefore 108 employees. 

 

Sampling methods can be classified as either probability or non-probability methods. 

Levine, Stephan, Krehbiel and Berenson (2008:253) describe these two samples as 

follows: 

 

 Probability samples are based on selecting items with known probabilities. 

In practice though, it is often difficult to obtain a probability sample. Types 

of probability samples include random sampling, systematic sampling, 

stratified sampling and cluster sampling. 
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 Non-probability samples are based on selecting items without knowing 

their probability of selection. Types on non-probability samples include 

convenience sampling, purposive sampling, judgement sampling and 

quota sampling. 

 

According to Welman et al. (2005:69), purposive sampling is deliberately obtaining a 

sample from a population that is relevant to the research. Hence, the sampling 

method used for this research study is a non-probability, purposive sampling 

method.  

 

Permission was obtained from the Managing Director, Mr. Louis Fourie, to conduct 

the research within his business unit. Before proceeding with data collection, 

meetings were set up with the operations manager of each plant in the business unit 

to discuss the intention of the research and to get agreement as to when data 

collection can be done. Data was gathered by distributing hard copy questionnaires 

to the relevant employees. During distribution of the questionnaire, the intent and key 

objectives were discussed with the assurance that confidentiality of each participant 

would remain intact. Participants were asked to return completed questionnaires into 

a “drop-box” that was left at each plant. The data collection was done over a three 

week period. The table below shows the result of the data collection effort: 

 

Table 3.4: Questionnaire Response Rate 

Operations Discipline Questionnaires 
Received 

Response 
Rate 

Production 61 77.22% 

Technical  19 100.00% 

Operations Management 8 80.00% 

Total 88 81.48% 

 

A total of 88 questionnaires were obtained at the end of the three weeks resulting in 

an overall response rate of 81.48%. All questionnaires returned were completed as 

required and hence none were rejected due to incorrect information. The figure 

below graphically represents the data collection effort. 
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Figure 3.1: Questionnaire Response Rate 

 

3.2.4. Statistical Analysis 

 

The statistical analysis of the collected data was performed by the Statistical 

Consultation Services group of the North West University, Potchefstroom Campus. 

The data was analysed using specialised statistical software, viz. SPSS. The 

analysis includes descriptive and inferential statistics, and reliability and validity 

checks on the collected data. 

 

 

3.3. DEMOGRAPHIC DISTRIBUTION OF RESPONDENTS  

 

Section A of the questionnaire captured the demographic information relevant to this 

study. As such respondents were required to disclose their age group, years of 

experience, gender, highest academic qualification and job role. The distribution of 

the demographic information is discussed in the sections that follow. 
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3.3.1. Age Distribution  

 

The age distribution of the respondents is presented in the table below. 

 

Table 3.5: Age Distribution of Respondents 

Age Group Number Percentage 

20 - 30  33 37.50% 

31 - 40 18 20.45% 

41 - 50 18 20.45% 

51 - 60 19 21.59% 

61 + 0 0.00% 

Total 88 100.00% 

 

The age distribution presented above shows 37.50% of all respondents fall within the 

20-30 years age group. The distribution of the respondents above 30 years of age is 

almost equally spread with the 31-40 and 41-50 year age group making up the same 

percentage (20.45%) of the sample with the 51-60 year age group making 21.59%. 

None of the respondents were older than 60 years. 

 

3.3.2. Years of Work Experience Distribution  

 

The table below illustrates the distribution of respondents’ years of work experience. 

 

Table 3.6: Years of Work Experience of Respondents 

Years of Experience Number Percentage 

0-10 35 39.77% 

11-20 17 19.32% 

21-30 23 26.14% 

31+ 13 14.77% 

Total 88 100.00% 

 

The distribution of the data shows that the 39.77% of the sample have 10 years or 

less work experience with only 14.77% of the sample having work experience of 

more than 30 years. The group of 11-20 years and 21-30 years experience make up 

19.32% and 26.14% of the sample respectively.  
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3.3.3. Gender Distribution 

 

The distribution of respondents’ gender is displayed in the table below. 

 

Table 3.7: Gender Distribution of Respondents 

Gender Number Percentage 

Male 84 95.45% 

Female 4 4.55% 

Total 88 100.00% 

 

It is clear from Table 3.7 that an overwhelming majority of the respondents are male 

at 95.45%. This is due to the majority of production shift employees in the sample 

which are all male. Three of the four female respondents are from the technical or 

engineering job role with the other one being an operations manager. 

 

3.3.4. Highest Academic Qualification Distribution 

 

The table below depicts the distribution of respondents in terms of their highest 

academic qualification. 

 

Table 3.8: Academic Qualification of Respondents 

Qualification Number Percentage 

Grade 12 56 63.64% 

Diploma 13 14.77% 

Degree 15 17.05% 

Post Graduate Degree 4 4.55% 

Total 88 100.00% 

 

Table 3.8 shows that 63.64% of respondents have a grade 12 completion as their 

highest academic qualification. Respondents with a diploma make up only 14.77% of 

the sample. Respondents with a degree or higher qualification make up 21.60% of 

the sample.  
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3.3.5. Job Profile Distribution 

 

The distribution of job roles of the respondents is shown in the table below. 

 

Table 3.9: Job Profile Distribution of Respondents 

Job Profile Number Percentage 

Production (Shift) 61 69.32% 

Technical / Engineering 19 21.59% 

Operations Management 8 9.09% 

Total 88 100.00% 

 

The majority of the sample falls within the production job profile at 69.32%. The 

technical or engineering job profile accounts for 21.59% of the sample with the 

remaining 9.09% being in an operations management position.  

 

 

3.4. RELIABILITY AND VALIDITY OF THE QUESTIONNAIRE 

 

According to Field (2009:11) it is important to determine properties of a measuring 

instrument that gives the researcher the confidence that the instrument is doing its 

job properly. Reliability and validity are two such properties. Therefore, the reliability 

and validity of the data set obtained from the questionnaire was determined before 

proceeding with any further statistical analysis.  

 

Tavakol and Dennick (2011:53) describe reliability as the ability of an instrument to 

measure consistently; and validity as the ability of an instrument to measure what it 

is intended to measure. The authors further make note that an instrument cannot be 

valid unless it is reliable, but its reliability is not dependent on its validity.   

 

Reliability and validity analysis can only be done on constructs or factors that are 

made up of 2 or items. The table below shows the applicability of reliability and 

validity analysis to the specific questionnaire factors. 
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Table 3.10: Reliability and Validity Analysis of Questionnaire 

Factor 
Number of 
Questions 

Question 
Code 

Reliability 
Analysis 

Validity / 
Factor 

Analysis 

Awareness 1 G1 No No 

Use of system 2 G2,G3 Yes Yes 

Effectiveness of System in 
Improving Operations 

1 G4 No No 

Focus on Improvement 2 G5,G6 Yes Yes 

Alignment with Strategy 1 G7 No No 

Balanced Performance 
Measurement System 

2 G8,G9 Yes Yes 

Limited Number of Critical 
Performance Metrics 

2 G10,G11 Yes Yes 

Right Performance Metrics are 
being Measured 

1 G12 No No 

Clear Visibility of Performance 
Metrics 

1 G13 No No 

Stimulate Action 3 E1,F1,C1 Yes Yes 

Clearly Defined Performance 
Metrics and Targets 

6 
E2,F2,C2,E3,F

3,C3 
Yes Yes 

Review of Performance 
Measurement System 

6 
E4,F4,C4,E5,F

5,C5 
Yes Yes 

Facilitates Decision-Making 9 
E6,F6,C6,E7,F
7,C7,E8,F8,C8 

Yes Yes 

 

The following sections discuss the concepts of reliability and validity in detail and 

highlight the reliability and validity results of the questionnaire. 
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3.4.1. Reliability 

 

Field (2009:11) states that reliability refers to whether a measuring instrument can be 

interpreted consistently across different situations. According to Ravid (2011:191), 

reliability of a measuring instrument refers the degree of consistency and 

dependability of the data in that similar results should be obtained when employing 

the instrument repeatedly to the same group. Welman et al. (2005:145) state that a 

reliable measuring instrument should produce comparable or similar results for same 

groups or individuals irrespective of when the instrument is administered, which 

version is used or who is applying. 

 

There are various methods for determining reliability of a measuring instrument. 

According to Ravid (2011:193) measuring reliability through internal consistency 

methods allow the use of scores obtained from a single testing session to estimate 

reliability. Internal consistency describes the extent to which all items in an 

instrument measure the same concept or construct and is therefore connected to the 

inter-relatedness of the items within the instrument (Tavakol & Dennick, 2011:53).  

 

Welman et al. (2005:147) state that Cronbach’s alpha coefficient is used as a 

measure of the internal consistency of a measuring instrument. According to Schmitt 

(1996:350) Cronbach’s alpha has become a common measure of reliability where 

multiple-item measures of a construct or factor are employed. Santos (1999:2) states 

that Cronbach’s alpha is suited to describe reliability of factors extracted from 

questionnaires that make use of rating scales. This research study uses Cronbach’s 

alpha as a measure of reliability. 

 

The alpha coefficient is a numerical value that ranges from 0 to 1 (Santos, 1999:2). 

According to Cortina (1993:103) if a test has a large alpha, then it can be concluded 

that a large proportion of the variance in the test is attributable to general and group 

factor and implies that there is very little item variance.  

 

Cortina (1993:101) states that an alpha value of greater than 0.7 is widely regarded 

as generally acceptable in terms of the instrument being reliable, but alpha values 

are dependent on the length of the test. Tavakol and Dennick (2011:54) and Schmitt 
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(1996:351) assert similar remarks, stating that the length of the test must be taken 

into account when assessing the value of Cronbach’s alpha and that shorter length 

tests may produce lower values of alpha which may be acceptable.  

 

The table below shows the results of the reliability tests on the various factors. 

 

Table 3.11: Cronbach’s Alpha Coefficient 

Factor Number of Questions 
Cronbach's 

Alpha 

Awareness 1 - 

Use of System 2 0.85 

Effectiveness of System in Improving Operations 1 - 

Focus on Improvement 2 0.73 

Alignment with Strategy 1 - 

Balanced Performance Measurement System 2 0.64 

Limited Number of Critical Performance Metrics 2 0.49 

Right Performance Metrics are being Measured 1 - 

Clear Visibility of Performance Metrics 1 - 

Stimulate Action 3 0.92 

Clearly Defined Performance Metrics and Targets 6 0.92 

Review of Performance Measurement System 6 0.91 

Facilitates Decision-Making 9 0.96 

Overall Questionnaire 37 0.97 

 

The results of the reliability analysis show that seven of the nine factors tested have 

alpha values above 0.7 indicating a high degree of internal consistency. This is also 

true of the questionnaire as a whole.  

 

There are two factors that have alpha values of below 0.7, viz. Balanced 

Performance Measurement System and Limited Number of Critical Performance 

Metrics. Based on the argument presented above by Cortina (1993:101), Tavakol 

and Dennick (2011:54) and Schmitt (1996:351), these two factors consist of two 

items, and hence lower alpha values should be expected and should therefore not 

be automatically rejected. Based on this argument, the two factors in question will be 

retained.  
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3.4.2. Validity 

 

Ravid (2011:208) states that validity refers to the degree to which an instrument 

actually measures what it was designed to measure and the appropriateness of 

inferences and interpretations using the test scores. There are various types of 

validity measures. According to Ravid (2011:206) construct validity is the extent to 

which an instrument measures and provides accurate information about a theoretical 

characteristic or trait. Welman et al. (2005:142) state that construct validity of a 

measuring instrument refers to the degree to which it measures the intended 

construct or factor. Construct validity was utilised to assess the validity of the 

questionnaire used in this research study. 

 

According to Williams, Onsman and Brown (2010:2), factor analysis can be used to 

evaluate construct validity of self-reporting instruments and that the factor analysis 

can be either exploratory (EFA) or confirmatory (CFA). 

 

Ullman (2006:37) states that EFA is an exploratory technique used where the 

researcher has a large set of variables and hypothesises that certain observed 

variables may be linked by means of some underlying factor structure. The goal of 

EFA is to uncover these latent factors or constructs. 

 

Suhr (2006:1) describes CFA is a confirmatory technique used to verify the factor 

structure of a set of observed variables. CFA allows the researcher to test the 

hypothesis that a relationship between observed variables and their underlying latent 

constructs do in fact exist. CFA is based on the researcher using theory or past 

empirical knowledge to postulate the relationship pattern a priori, then testing this 

relationship pattern statistically. 

 

This research study uses a questionnaire that has been developed based on factors 

identified by a review of literature. Applying the definitions presented above to this 

research study, the CFA technique is applicable. 

 

In evaluating and interpreting the results of a confirmatory factor analysis, the 

following statistical analyses are important: 
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 Kaiser-Meyer-Olkin measure of sampling adequacy. 

 Factor extraction  

 Variation of communalities 

 

The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) gives an indication of 

the inter-correlation between variables; and the degree to which the variables are 

related or correlated is used to determine whether a factor analysis is appropriate or 

not (Field, 2009:647). The KMO statistic ranges from 0 to 1 with a higher value 

indicating that a factor analysis should yield distinct and reliable factors (Field, 

2009:647). The guidelines for the KMO statistic are given by Field (2009:647) as 

follows: 

 

 Less than 0.5:     unacceptable  

 0.5 to 0.7:    mediocre  

 0.7 to 0.8:     good 

 0.8 to 0.9:    great 

 Greater than 0.9:  superb 

 

The table below shows the KMO statistic for the factors that contain 2 or more items. 

 

Table 3.12: KMO Measure of Sampling Adequacy 

Factor Number of Questions KMO Statistic 

Awareness 1 - 

Use of System 2 0.500 

Effectiveness of System in Improving Operations 1 - 

Focus on Improvement 2 0.500 

Alignment with Strategy 1 - 

Balanced Performance Measurement System 2 0.500 

Limited Number of Critical Performance Metrics 2 0.500 

Right Performance Metrics are being Measured 1 - 

Clear Visibility of Performance Metrics 1 - 

Stimulate Action 3 0.756 

Clearly Defined Performance Metrics and Targets 6 0.854 

Review of Performance Measurement System 6 0.799 

Facilitates Decision-Making 9 0.873 

 

The factors Stimulate Action and Review of Performance Measurement System have 

KMO values between 0.7 and 0.8 in the ‘good’ range. The factors Clearly Defined 
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Performance Metrics and Targets and Facilitates Decision-Making have KMO values 

between 0.8 and 0.9 in the ‘great’ range. Four of the factors have KMO values of 0.5, 

viz. Use of System, Focus on Improvement, Balanced Performance Measurement 

System and Limited Number of Critical Performance Metrics. These factors fall in the 

‘mediocre’ range. However, these factors all contain two items which results in their 

KMO values being low. It can be concluded that, due to all tested factors having 

KMO values of 0.5 or larger, performing a factor analysis is appropriate. 

 

The aim of factor extraction is to discover common factors (Suhr, 2006:3). Factor 

extraction is based on identifying the eigenvalues associated with each construct or 

factor. The eigenvalues associated with each construct represents the variance 

explained by that particular linear component (Field, 2009:660). Suhr (2006:3) states 

that the percentage of variance explained keeps a factor if it accounts for a 

predetermined amount of variance. The table below shows the results of factor 

extraction based on the percentage variance explained. This was performed for 

factors with 2 or more items with only one factor extracted. 

 

Table 3.13: Factor Extraction: Percentage Variation Explained 

Factor 
Number of 
Questions 

Percentage 
Variation Explained 

Awareness 1 - 

Use of System 2 86.90% 

Effectiveness of System in Improving Operations 1 - 

Focus on Improvement 2 78.86% 

Alignment with Strategy 1 - 

Balanced Performance Measurement System 2 73.87% 

Limited Number of Critical Performance Metrics 2 66.40% 

Right Performance Metrics are being Measured 1 - 

Clear Visibility of Performance Metrics 1 - 

Stimulate Action 3 85.91% 

Clearly Defined Performance Metrics and Targets 6 71.92% 

Review of Performance Measurement System 6 70.28% 

Facilitates Decision-Making 9 78.21% 

 

From the table above it is clear that the percentage variation explained by the 

various factors is above 70% except for the factor Limited Number of Critical 

Performance Metrics at 66.40%. The highest factor is Use of System, at 86.90% 
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variation explained. The results shows that a good level of information is retained 

using the identified success factors as factors in the CFA. 

 

According to Field (2009:637) the total variance for a particular variable is made up 

of two components, common variance and unique variance. Common variance is 

variance which is shared with other variables or measures while unique variance is 

variance which is specific to that measure. Field (2009:637) further states that in 

conducting factor analysis, it is important to know how much of the variance present 

in the data set is common variance. 

 

The proportion of common variance present in a variable is known as communality. 

A variable that shares none of its variance with any other variable would have a 

communality of 0 and a variable that has no specific variance will have a 

communality of 1 (Field, 2009:637). Put another way, the closer the communalities 

are to 1, the better are the factors at explaining the original data. The table below 

shows the range of communalities that have been calculated for the questionnaire 

data for factors that contain 2 or more items. 

 

Table 3.14: Communality Variation 

Factor 
Number of 
Questions 

Lowest 
Communality 

Highest 
Communality 

Awareness 1 - - 

Use of System 2 0.869 0.869 

Effectiveness of System in Improving Operations 1 - - 

Focus on Improvement 2 0.789 0.789 

Alignment with Strategy 1 - - 

Balanced Performance Measurement System 2 0.739 0.739 

Limited Number of Critical Performance Metrics 2 0.664 0.664 

Right Performance Metrics are being Measured 1 - - 

Clear Visibility of Performance Metrics 1 - - 

Stimulate Action 3 0.833 0.872 

Clearly Defined Performance Metrics and Targets 6 0.589 0.792 

Review of Performance Measurement System 6 0.641 0.784 

Facilitates Decision-Making 9 0.633 0.860 

 

The questionnaire item with the lowest communality falls within the factor Clearly 

Defined Performance Metrics and Targets at 0.589. The questionnaire item with the 

highest communality falls within the factor Stimulate Action at 0.872. Field 
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(2009:647) states that for sample sizes less than one hundred; having all 

communalities at above 0.6 is perfectly adequate. It can therefore be concluded that 

the range of communalities calculated for this data set are high enough to retain all 

factors. 

 

3.4.3. Assessment of the Questionnaire Reliability and Validity 

 

The reliability analysis shows that the questionnaire as a whole, as well as a majority 

of the factors has high alpha values. Although two factors have presented with alpha 

values below 0.7, they will still be retained as part of the analysis. 

 

The validity of the questionnaire was evaluated by conducting CFA. The results of 

the CFA show that the success factors determined a priori, as part of the literature 

study, can be retained for further analysis. 

 

 

3.5. ASSESSMENT OF QUESTIONNAIRE USING DESCRIPTIVE STATISTICS 

 

The questionnaire design was based on a 5 point Likert scale. The scoring of the 

questionnaire was done with “strongly disagree” representing a score of 1 to 

“strongly agree” representing a score of 5. Since there are no norms in interpreting a 

Likert scale, the following rationale was used. 

 

A score of 3.000 is regarded as an average score, indicating that there is a neutral 

perception for that particular factor. For the purpose of this study, a mean score 

above 3.000 is regarded as employees inclining towards agreeing that a particular 

factor is evident for the real-time performance measurement system. The higher the 

mean score above 3.000, the greater is the agreement that a particular factor is 

evident in contributing to the real-time system enabling operations improvement. 

Hence a score between 3.500 and 4.000 indicates good agreement that a factor is 

evident, and a score above 4.000 indicates strong agreement that a factor is evident. 
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From a descriptive statistics perspective, the arithmetic mean (or simply the mean) 

and standard deviation were calculated to describe the questionnaire data set. 

According to Levine et al. (2008:97), the arithmetic mean for a sample is the most 

common measure of central tendency and serves a balance point, indicating the 

average value of the sample. Levine et al. (2008:107) describe a sample standard 

deviation as the average scatter around the mean. It measures how larger values 

fluctuate above it and how smaller values distribute below it. The empirical rule 

states that, for bell-shaped distributions, 95% of the values in the data set are within 

± two standard deviations from the mean (Levine et al., 2008:120).   

 

The calculated mean and standard deviation scores are presented and discussed in 

the sections that follow. 

 

3.5.1. Assessment of Success Factors 

 

The mean and standard deviation data for the various success factors are presented 

in the table below. 

Table 3.15: Mean and Standard Deviation of Success Factors 

Factor n mean s 

Awareness 88 4.375 0.807 

Use of system 88 3.767 0.941 

Effectiveness of System in Improving Operations 88 4.102 0.845 

Focus on Improvement 88 3.756 0.947 

Alignment with Strategy 88 3.955 0.870 

Balanced Performance Measurement System 88 3.818 0.949 

Limited Number of Critical Performance Metrics 88 3.420 1.023 

Right Performance Metrics are being Measured 88 3.693 0.862 

Clear Visibility of Performance Metrics 88 3.875 0.907 

Stimulate Action 88 3.837 0.933 

Clearly Defined Performance Metrics and Targets 88 3.809 0.878 

Review of Performance Measurement System 88 3.576 0.907 

Facilitates Decision-Making 88 3.754 0.950 

Total 88 3.760 0.935 

 

Table 3.15 above indicates a mean overall score of 3.760 was obtained for the 

questionnaire with a standard deviation of 0.935. The mean score considers the ten 

success factors discussed in the literature review as well the factors that test the 
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awareness, use and effectiveness of the real-time performance measurement 

system. 

 

The figure below graphically represents Table 3.15 and ranks the various factors in 

order of highest to lowest mean score obtained. 

 

Figure 3.2: Mean Scores for Success Factors 

 

 

The highest score obtained was for the factor Awareness, with a mean = 4.375 and s 

= 0.807, indicating that all respondents strongly agree that they are aware of the 

existence of a real-time performance measurement system. The other high scores 

obtained were that of Effectiveness of System in Improving Operations, with a mean 

= 4.102 and s = 0.845; Alignment with Strategy, with a mean = 3.955 and s = 0.870; 

and Clear Visibility of Performance Metrics, with a mean = 3.875 and s = 0.907. 

 

The lowest score obtained was for the factor Limited Number of Critical Performance 

Metrics, with a mean = 3.420 and s = 1.023. The other low scores obtained were that 

of Review of Performance Measurement System, with a mean = 3.576 and s = 
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0.907; and Right Performance Metrics are being Measured, with a mean = 3.693 and 

s = 0.862.  

 

The scores obtained for all factors are above 3.000, with 12 out of the 13 factors 

tested having scores above 3.500. This indicates that perceptions of the respondents 

echo positive sentiments towards the factors being tested, ranging from between 

“neutral” and “agree” to between “agree” and “strongly agree”. 

 

3.5.2. Assessment of Individual Questionnaire Items 

 

The top and bottom five questionnaire items are presented in Table 3.16 and Table 

3.17, based on mean score obtained. These results show, on average, the highest 

and lowest scoring individual questionnaire items as perceived by the respondents. 

The table also includes the standard deviation for these items. Appendix B contains 

the mean score and standard deviation for all questionnaire items. 

 

Table 3.16: Mean and Standard Deviation for Top 5 Questionnaire Items 

Questionnaire Item n mean s 

G1 
I am aware that my plant has implemented a Real-Time Performance 
Measurement System. 

88 4.375 0.807 

G4 
In general, I believe the Real-Time Performance Measurement System is a 
good tool for improvement in plant operations.  

88 4.102 0.845 

E3 
The Real-Time Performance Measurement System has clearly defined 
operational efficiency targets.  

88 3.989 0.750 

G7 
I believe that the Real-Time Performance Measurement System is aligned 
with the business unit strategy. 

88 3.955 0.870 

E2 
The Real-Time Performance Measurement System has clearly defined 
measures that enable me to improve operational efficiency.  

88 3.909 0.825 

 

The factors on Awareness and Effectiveness of System in Improving Operations are 

represented by a single statement in the questionnaire and hence, as discussed in 

the preceding section, these items have received the highest scores. The statements 

relating to clearly defined operational efficiency targets, with a mean = 3.989 and s = 

0.750; and clearly defined operational efficiency measures, with a mean = 3.909 and 

s = 0.825 scored high as well. The factor Alignment with Strategy is also represented 

by a single statement which obtained a mean = 3.955 and s = 0.870. 
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Table 3.17: Mean and Standard Deviation for Bottom 5 Questionnaire Items 

Questionnaire Item n mean s 

C4 
The Real-Time measures for variable cost are reviewed as business unit 

circumstances change. 
88 3.568 0.944 

F4 
The Real-Time measures for Full Order On Time are reviewed as 

business unit circumstances change. 
88 3.534 0.922 

C5 
The targets for the Real-Time variable cost measures are reviewed as 

business unit circumstances change. 
88 3.511 0.884 

G10 
The Real-Time Performance Measurement System contains a small 
number of performance measures. 

88 3.489 1.017 

G11 
The Real-Time Performance Measurement System contains only critical 
performance measures. 

88 3.352 1.029 

 

The statements C4, F4 and C5 in Table 3.17 which refers to reviewing of measures 

for variable cost, reviewing of measures for full order on time and reviewing of 

variable cost targets are items that are part of the factor Review of Performance 

Measurement System. These items received mean scores of 3.568, 3.534 and 3.511 

and standard deviations of 0.944, 0.922 and 0.884 respectively. The two items with 

lowest scores refer to the number of performance measures, with a mean = 3.489 

and s = 1.017; and measuring only critical performance measures, with a mean = 

3.352 and s = 1.029. Both these items make up the factor Limited Number of Critical 

Performance Metrics. 

 

3.5.3. Assessment of Operational Focus Areas 

 

It has been highlighted in section 3.2.2 that the questionnaire contains statements 

linked to the success factors that apply generally to the real-time performance 

measurement system and statements that apply specifically to the different key 

operational focus areas, viz. operational efficiency; full order on time and variable 

cost. The mean scores and standard deviation for the various items in the 

operational focus areas are tabulated in Table 3.18. 

 

Table 3.18: Mean and Standard Deviation for Operational Focus Areas 

Operational Focus Area Questionnaire Items n mean s 

General Improvement in Operations G1 - G13 88 3.809 0.906 

Improvement in Operational Efficiency E1 - E8 88 3.807 0.873 

Improvement in Full Order on Time F1 - F8 88 3.705 0.932 

Improvement in Variable Cost C1 - C8 88 3.689 0.943 
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For the questionnaire items relating to operations improvement in general, a mean 

score of 3.809 was obtained with s = 0.906. Considering the three specific 

operational focus areas for the business unit under investigation, improvement in 

operational efficiency obtained the highest score with a mean = 3.807 and s = 0.873; 

followed by full order on time, with a mean = 3.705 and s = 3.932; and variable cost 

with a mean = 3.689 and s = 0.943.  

 

The items relating to improvement in operational efficiency scored the highest 

compared to full order on time and variable cost indicating that respondents perceive 

the system to have a higher impact with regards to improvement of operational 

efficiency. 

 

Table 3.19 highlights the scores for each of the success factors that make up the 

items related to the three operational focus areas. 

 

Table 3.19: Mean and Standard Deviation for Success Factors Relating to Operational 
Focus Areas 

Factor n 

Operational 
Efficiency 

Full Order on 
Time 

Variable Cost 

mean S mean s mean s 

Stimulate Action 88 3.864 0.886 3.795 0.984 3.852 0.929 

Clearly Defined Performance Metrics 
and Targets 

88 3.949 0.788 3.767 0.893 3.710 0.951 

Review of Performance Measurement 
System 

88 3.619 0.899 3.568 0.905 3.540 0.913 

Facilitates Decision-Making 88 3.818 0.917 3.723 0.945 3.720 0.981 

 

The highest score obtained, with a mean = 3.949 and s = 0.788, was for the factor 

Clearly Defined Performance Metrics and Targets focusing on improvement in 

operational efficiency. The lowest score obtained, with a mean = 3.540 and s = 

0.913, was for Review of Performance Measurement System focusing on 

improvement in variable cost.  

 

From an operational efficiency perspective, scores obtained for all factors were 

above 3.500; the lowest being for the factor Review of Performance Measurement 
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System, with a mean = 3.619 and s = 0.899. This indicates that, on average, 

respondents felt that the four factors in Table 3.19 had a positive impact on 

improvement in operational efficiency. 

 

Considering the full order on time focus area: the highest score obtained in this focus 

area was for the factor Stimulate Action, with a mean = 3.795 and s = 0.984. The 

lowest score obtained was for the factor Review of Performance Measurement 

System, with a mean = 3.568 and s = 0.905. All scores were above 3.500, indicating 

that, on average, respondents felt that the four factors in Table 3.19 had a positive 

impact on improvement in full order on time. 

 

From a variable cost perspective, the highest score obtained in this focus area was 

for the factor Stimulate Action, with a mean = 3.852 and s = 0.929. The lowest score 

obtained was for the factor Review of Performance Measurement System, with a 

mean = 3.540 and s = 0.913. All scores were above 3.500, indicating that, on 

average, respondents felt that the four factors in Table 3.19 had a positive impact on 

improvement in variable cost. 

 

The scores obtained for all for success factors relating to improvement in operational 

efficiency were higher than those for full order on time and variable cost. A 

comparison of the success factors relating to full order on time and variable cost 

show that in these two operational areas the scores obtained for full order on time 

are higher than that of variable cost except for the factor Stimulate Action.  
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3.6. RELATIONSHIPS BETWEEN SUCCESS FACTORS AND DEMOGRAPHIC 

VARIABLES 

 

The empirical research conducted includes statistically analysing the relationship 

between the various success factors and demographic variables.  In this regards, a 

comparison was made for the demographic variables with respect to the difference in 

mean scores obtained for each of the success factors. According to Ellis and Steyn 

(2003:51), statistical significance tests are conducted to show whether the difference 

in means scores are significant or not.  

 

Ellis and Steyn (2003:51) further state the p-value is used as a criterion of statistical 

significance. The p-value gives the probability that the obtained value or larger could 

be achieved by assuming that the null hypothesis is true, i.e. there is no difference 

between the two mean scores. According to Levine et al. (2008:337) the p-value is 

the probability of getting a test statistic equal to or more extreme than sample result 

given that the null hypothesis is true. Levine et al. (2008:337) further state that the p-

value is often referred to as the observed level of significance and is the smallest 

value at which the null hypothesis can be rejected. According to Field (2009:51), 

obtaining a p-value less than 0.05 indicates that the result obtained is statistically 

significant.  

 

Ellis and Steyn (2003:51) state that although a test may produce a p-value less than 

0.05, in practice the significance may not be important. This is due to the size of the 

sample: as the sample size increases, the resulting p-values tend to become 

smaller. Ellis and Steyn (2003:51) state that calculation of an effect size is 

independent of the size of the sample used and is a measure of practical 

significance. Steyn (2002:10) states that an effect size is a useful measure of 

practical significance and can be used to determine the importance of a statistically 

significant relationship.  

 

Field (2009:57) states that one of the most common effect size calculations for the 

difference in mean scores is Cohen’s d-value. According to Cohen (1992:157), the d-

value is based on the difference between the mean scores and uses the pooled 
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standard deviation of the two variables being tested. For the purpose of this research 

study, Cohen’s d-value is used as a measure of statistical significance.  

 

Cohen (1992:157) suggests the following guidelines in interpreting the d-value: 

 

 d = 0.2 small effect 

 d = 0.5 medium effect 

 d ≥ 0.8 large effect 

 

In interpreting these guidelines, Cohen (1992:156) states that medium effect size 

represents an effect that is likely to be visible to the naked eye of a careful observer 

and a large effect size represents an effect that is practically significant and of 

practical importance. 

 

The analysis of variance (ANOVA) methodology was used to analyse the difference 

in means of each of the success factors for selected demographic variables by 

testing for statistical (p-value) and practical (Cohen’s d-value) significance. The 

results are presented in the sections that follow. 

 

3.6.1. Years of Experience 

 

The questionnaire data was subjected to ANOVA tests to determine if there is a 

statistically and/or practically significant difference in the means scores of each of 

the success factors, as perceived by the respondents based on the number of years 

of work experience. The results of the analysis are presented in Table 3.20 below.  
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Table 3.20: Difference in Means for the Demographic Variable: Years of Experience  

Factor 
Years of 

Experience 
n mean s p-value 

Effect Size (d-value) 

0-10 
years 
with… 

11-20 
years 
with… 

21-30 
years 
with… 

Awareness 

0 - 10 years 35 4.314 0.867 

0.038 
 11 - 20 years 17 4.647 0.493 0.38 

 
21 - 30 years 23 4.087 0.949 0.24 0.59 

 
30 + 13 4.692 0.480 0.44 0.09 0.64 

Use of System 

0 - 10 years 35 3.643 0.912 

0.288 

 
11 - 20 years 17 3.971 0.874 0.36 

 
21 - 30 years 23 3.630 0.869 0.01 0.39 

 
30 + 13 4.077 0.760 0.48 0.12 0.51 

Effectiveness of System in 
Improving Operations 

0 - 10 years 35 4.057 0.938 

0.385 

 
11 - 20 years 17 4.412 0.618 0.38 

 
21 - 30 years 23 3.957 0.928 0.11 0.49 

 
30 + 13 4.077 0.641 0.02 0.52 0.13 

Focus on Improvement 

0 - 10 years 35 3.671 0.848 

0.741 

 
11 - 20 years 17 3.941 0.864 0.31 

 
21 - 30 years 23 3.783 0.720 0.13 0.18 

 
30 + 13 3.692 1.032 0.02 0.24 0.09 

Alignment with Strategy 

0 - 10 years 35 4.143 0.648 

0.441 

 
11 - 20 years 17 3.824 1.131 0.28 

 
21 - 30 years 23 3.826 0.937 0.34 0.00 

 
30 + 13 3.846 0.899 0.33 0.02 0.02 

Balanced Performance 
Measurement System 

0 - 10 years 35 3.800 0.778 

0.614 

 
11 - 20 years 17 3.824 1.045 0.02 

 
21 - 30 years 23 3.696 0.735 0.13 0.12 

 
30 + 13 4.077 0.760 0.36 0.24 0.50 

Limited Number of Critical 
Performance Metrics 

0 - 10 years 35 3.571 0.806 

0.065 

 
11 - 20 years 17 3.559 0.748 0.02 

  
21 - 30 years 23 3.022 0.761 0.68 0.71 

 
30 + 13 3.538 0.989 0.03 0.02 0.52 

Right Performance Metrics are 
being Measured 

0 - 10 years 35 3.829 0.747 

0.200 

 
11 - 20 years 17 3.647 0.996 0.18 

 
21 - 30 years 23 3.391 0.891 0.49 0.26 

 
30 + 13 3.923 0.862 0.11 0.28 0.60 

Clear Visibility of Performance 
Metrics 

0 - 10 years 35 4.086 1.011 

0.139 

 
11 - 20 years 17 3.941 0.827 0.14 

 
21 - 30 years 23 3.522 0.846 0.56 0.50 

 
30 + 13 3.846 0.689 0.24 0.11 0.38 

Stimulate Action 

0 - 10 years 35 3.886 0.779 

0.891 

 
11 - 20 years 17 3.922 1.058 0.03 

 
21 - 30 years 23 3.754 0.939 0.14 0.16 

 
30 + 13 3.744 0.747 0.18 0.17 0.01 

Clearly Defined Performance 
Metrics and Targets 

0 - 10 years 35 3.876 0.660 

0.741 

 
11 - 20 years 17 3.892 0.924 0.02 

 
21 - 30 years 23 3.681 0.765 0.25 0.23 

 
30 + 13 3.744 0.712 0.19 0.16 0.08 

Review of Performance 
Measurement System 

0 - 10 years 35 3.571 0.697 

0.999 

 
11 - 20 years 17 3.598 0.988 0.03 

 
21 - 30 years 23 3.565 0.745 0.01 0.03 

 
30 + 13 3.577 0.699 0.01 0.02 0.02 

Facilitates Decision-Making 

0 - 10 years 35 3.810 0.779 

0.841 

 
11 - 20 years 17 3.830 1.013 0.02 

 
21 - 30 years 23 3.623 0.863 0.22 0.20 

 
30 + 13 3.735 0.778 0.10 0.09 0.13 
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The difference in mean scores obtained for the demographic group Years of 

Experience were found to be statistically significant only for the factor Awareness (p 

< 0.05). For all other success factors, there is no statistically significant difference (p 

> 0.05) in the mean scores obtained for this demographic group. Analyses of the 

results show low d-values were obtained. This correlates well with the high p-values 

in that low practical significance generally indicates low statistical significance.  

 

For the factor Awareness, medium to large effect sizes (0.5 < d < 0.8) were obtained 

between the groups 11-20 years and 21-30 years and between 21-30 years and 

greater than 30 years. These effects were found not to be practically significant.  

 

Table 3.20 shows that the medium to large effect sizes that exist all include the 

group with 21-30 years experience bar one for the remaining success factors that 

were found to have statistically insignificant differences in mean values. These 

effects were, however, found not to be practically significant.  

  

3.6.2. Highest Academic Qualification 

 

The questionnaire data was subjected to ANOVA tests to determine if there is a 

statistically and/or practically significant difference in the means scores of each of 

the success factors, as perceived by the respondents based on their highest 

academic qualification level. The results of the analysis are presented in Table 3.21 

below.  

 

Table 3.21: Difference in Means for the Demographic Variable: Highest Academic 
Qualification  

Factor 
Academic Qualification 

Level 
n mean s p-value 

Effect Size (d-value) 

Grade 12 
with… 

Diploma 
with… 

Degree 
with… 

Awareness 

Grade 12 56 4.125 0.875 

0.001 

 
Diploma 13 4.692 0.480 0.65 

 
Degree 15 4.933 0.258 0.92 0.50 

 
Post Graduate Degree 4 4.750 0.500 0.71 0.12 0.37 

Use of System 

Grade 12 56 3.777 0.836 

0.963 

 
Diploma 13 3.692 0.778 0.10 

 
Degree 15 3.833 1.190 0.05 0.12 

 
Post Graduate Degree 4 3.625 0.629 0.18 0.09 0.18 
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Effectiveness of System in 
Improving Operations 

Grade 12 56 4.125 0.916 

0.862 

 
Diploma 13 3.923 0.641 0.22 

  
Degree 15 4.133 0.834 0.01 0.25 

 
Post Graduate Degree 4 4.250 0.500 0.14 0.51 0.14 

Focus on Improvement 

Grade 12 56 3.759 0.792 

0.990 

 
Diploma 13 3.808 0.778 0.06 

 
Degree 15 3.700 1.049 0.06 0.10 

 
Post Graduate Degree 4 3.750 1.190 0.01 0.05 0.04 

Alignment with Strategy 

Grade 12 56 3.964 0.808 

0.866 

 
Diploma 13 4.077 0.760 0.14 

 
Degree 15 3.800 1.265 0.13 0.22 

 
Post Graduate Degree 4 4.000 0.000 0.04 0.10 0.16 

Balanced Performance 
Measurement System 

Grade 12 56 3.821 0.753 

0.279 

 
Diploma 13 4.154 0.747 0.44 

 
Degree 15 3.600 1.089 0.20 0.51 

 
Post Graduate Degree 4 3.500 0.577 0.43 0.88 0.09 

Limited Number of Critical 
Performance Metrics 

Grade 12 56 3.330 0.822 

0.212 

 
Diploma 13 3.308 0.879 0.03 

 
Degree 15 3.700 0.882 0.42 0.44 

 
Post Graduate Degree 4 4.000 0.000 0.81 0.79 0.34 

Right Performance Metrics 
are being Measured 

Grade 12 56 3.643 0.819 

0.889 

 
Diploma 13 3.846 0.899 0.23 

 
Degree 15 3.733 1.100 0.08 0.10 

 
Post Graduate Degree 4 3.750 0.500 0.13 0.11 0.02 

Clear Visibility of 
Performance Metrics 

Grade 12 56 3.804 0.862 

0.776 

 
Diploma 13 4.077 0.862 0.32 

 
Degree 15 3.933 1.163 0.11 0.12 

 
Post Graduate Degree 4 4.000 0.816 0.23 0.09 0.06 

Stimulate Action 

Grade 12 56 3.875 0.835 

0.452 

 
Diploma 13 3.923 0.722 0.06 

 
Degree 15 3.533 1.118 0.31 0.35 

 
Post Graduate Degree 4 4.167 0.577 0.35 0.34 0.57 

Clearly Defined Performance 
Metrics and Targets 

Grade 12 56 3.798 0.737 

0.898 

 
Diploma 13 3.821 0.780 0.03 

 
Degree 15 3.767 0.818 0.04 0.07 

 
Post Graduate Degree 4 4.083 0.645 0.39 0.34 0.39 

Review of Performance 
Measurement System 

Grade 12 56 3.586 0.670 

0.516 

 
Diploma 13 3.679 0.759 0.12 

 
Degree 15 3.356 1.031 0.22 0.31 

 
Post Graduate Degree 4 3.917 0.887 0.37 0.27 0.54 

Facilitates Decision-Making 

Grade 12 56 3.714 0.793 

0.788 

 
Diploma 13 3.829 0.812 0.14 

 
Degree 15 3.733 1.100 0.02 0.09 

 
Post Graduate Degree 4 4.139 0.611 0.54 0.38 0.37 

 

The difference in mean scores obtained for the demographic group Highest 

Academic Qualification were found to be statistically significant only for the factor 

Awareness (p < 0.05). All other success factors show no statistically significant 

difference (p > 0.05) in the mean scores obtained for this demographic group. 
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Analyses of the results show generally, low d-values were obtained. This correlates 

well with the high p-values in that low practical significance generally indicates low 

statistical significance.  

 

A large effect size exists between the Grade 12 and Degree level for the factor 

Awareness (d = 0.92); and hence shows the difference in the mean awareness level 

between these two groups is both statistically and practically significant.  

 

Medium to large effect sizes (0.5 < d < 0.8) were found to exist among the different 

qualification levels for various success factors. These however do not yield 

practically significant differences between the mean scores. 

 

Although found to be statistically insignificant, a practically significant difference in 

mean scores was found to exist between Diploma and Post Graduate qualification 

levels for the factors Balanced Performance Measurement System (d = 0.88) and 

Limited Number of Critical Performance Metrics (d = 0.79). There is also a practically 

significant difference in mean scores between Grade 12 and Post Graduate 

qualification levels for the factor Limited Number of Critical Performance Metrics (d = 

0.81). 

 

3.6.3. Job Profile 

 

The questionnaire data was subjected to ANOVA tests to determine if there is a 

statistically and/or practically significant difference in the means scores of each of 

the success factors, as perceived by the respondents based on their job profile. The 

results of the analysis are presented in Table 3.22 below.  
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Table 3.22: Difference in Means for the Demographic Variable: Job Profile  

Factor Job Profile n mean s p-value 

Effect size (d-value) 

Production 
with… 

Technical 
with… 

Awareness 

Production 61 4.164 0.860 

0.000 
 

Technical 19 4.842 0.375 0.79 
 

Operations Management 8 4.875 0.354 0.83 0.09 

Use of System 

Production 61 3.730 0.844 

0.486 
 

Technical 19 3.737 0.977 0.01 
 

Operations Management 8 4.125 0.916 0.43 0.40 

Effectiveness of System in 
Improving Operations 

Production 61 4.066 0.910 

0.805 
 

Technical 19 4.158 0.688 0.10 
 

Operations Management 8 4.250 0.707 0.20 0.13 

Focus on Improvement 

Production 61 3.754 0.794 

0.978 
 

Technical 19 3.737 0.823 0.02 
 

Operations Management 8 3.813 1.280 0.05 0.06 

Alignment with Strategy 

Production 61 3.967 0.795 

0.330 
 

Technical 19 4.158 0.688 0.24 
 

Operations Management 8 3.375 1.506 0.39 0.52 

Balanced Performance 
Measurement System 

Production 61 3.852 0.760 

0.769 
 

Technical 19 3.711 0.713 0.19 
 

Operations Management 8 3.813 1.413 0.03 0.07 

Limited Number of Critical 
Performance Metrics 

Production 61 3.328 0.826 

0.173 
 

Technical 19 3.737 0.806 0.50 
 

Operations Management 8 3.375 0.876 0.05 0.41 

Right Performance Metrics 
are being Measured 

Production 61 3.672 0.811 

0.611 
  

Technical 19 3.842 0.958 0.18 
 

Operations Management 8 3.500 1.069 0.16 0.32 

Clear Visibility of 
Performance Metrics 

Production 61 3.820 0.847 

0.264 
 

Technical 19 4.158 1.119 0.30 
 

Operations Management 8 3.625 0.744 0.23 0.48 

Stimulate Action 

Production 61 3.858 0.820 

0.932 
 

Technical 19 3.772 0.824 0.10 
 

Operations Management 8 3.833 1.333 0.02 0.05 

Clearly Defined Performance 
Metrics and Targets 

Production 61 3.762 0.735 

0.641 
 

Technical 19 3.947 0.601 0.25 
 

Operations Management 8 3.833 1.116 0.06 0.10 

Review of Performance 
Measurement System 

Production 61 3.590 0.659 

0.932 
 

Technical 19 3.509 0.888 0.09 
 

Operations Management 8 3.625 1.184 0.03 0.10 

Facilitates Decision-Making 

Production 61 3.712 0.774 

0.731 
 

Technical 19 3.807 0.942 0.10 
 

Operations Management 8 3.944 1.130 0.21 0.12 

 

The difference in mean scores obtained for the demographic group Job Profile were 

found to be statistically significant only for the factor Awareness (p < 0.05). The 

difference in mean scores between the three job profiles for all other success factors 

were found to be statistically insignificant (p > 0.05). Analyses of the results show 
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low d-values were obtained. This correlates well with the high p-values in that low 

practical significance generally indicates low statistical significance.  

 

For the factor Awareness, a large effect size exists between the Production and 

Technical group (d = 0.79) and between the Production and Operations 

Management group (d = 0.83); and hence shows that the difference in the mean 

awareness level between these job profiles is both statistically and practically 

significant. 

 

Medium effect sizes were found to exist between the job profile groups for the factors 

Alignment with Strategy, Limited Number of Critical Performance Metrics and Clear 

Visibility of Performance Metrics. However, it can be concluded that no practical 

significance exists between these means scores.  

 

 

3.7. CORRELATING SUCCESS FACTORS WITH THE USE AND 

EFFECTIVENESS OF THE REAL-TIME PERFORMANCE MEASUREMENT 

SYSTEM 

 

An empirical analysis was done to determine the impact that each success factor 

has on the effectiveness of the real-time performance measurement system to 

enable improvement in operations. Furthermore, the empirical analysis also aims to 

determine the impact that each success factor has on the use of the real-time 

performance measurement system. In conducting this empirical analysis, the 

relationship between these variables was measured to determine the statistical 

significance of the relationship and the strength of the resulting relationship. 

 

According Field (2009:170) correlation between variables can be conducted to 

measure the strength of the relationship and p-values can be calculated to measure 

if the relationship is statistically significant or not.  

 

As discussed in section 3.6, the p-value is the probability of getting a test statistic 

equal to or more extreme than sample result given that the null hypothesis is true 

(Levine et al., 2008:337). The p-value is used as a measure of statistical significance 
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and obtaining a p-value less than 0.05 indicates that the result obtained is 

statistically significant (Field, 2009:51).  

 

According to Levine et al. (2008:128) the relative strength of a linear relationship 

between two variables can be measured by calculating a coefficient of correlation. 

Field (2009:170) states that this coefficient of correlation is referred to as the 

Pearson correlation coefficient and denoted as the r-value. Field (2009:170) explains 

that the r-value is based on the covariance between two variables and their 

respective standard deviations. The Pearson correlation coefficient is a numerical 

value that lies between -1 and +1. Levine et al. (2008:128) states a value of -1 

means there is a perfect negative correlation and a value of +1 means there is a 

perfect positive correlation. As the r-value approaches zero the strength of the 

correlation decreases, with a zero value indicating no linear relationship.  

 

Field (2009:173) states that caution must be taken when interpreting the correlation 

coefficient as it does not give an indication of causality. Levine et al. (2008:130) echo 

similar sentiments, stating that correlation alone cannot prove that a change in the 

value of one variable caused the change in other variable. Field (2009:174) explains 

that caution in interpreting correlation as causation must be taken, as the correlation 

could be affected by an unmeasured third variable. The author further explains that 

correlation coefficients do not indicate which variable causes the other to change, i.e. 

it does not give the direction of causality. 

 

Hence, the r-value indicates the strength of the linear relationship between two 

variables and the existence of such a correlation does not imply a causation effect, 

rather the tendencies present in the data. 

 

Ellis (2010:12) states that the strength of association between two variables can also 

be expressed in terms of the proportion of shared variance. Simply squaring the r-

value results in a coefficient of determination (r2), which is an indication of the 

proportion of shared variance.  

 

Ellis (2010:41) lists Cohen’s suggested guidelines in interpreting the r and r2 values 

as follows: 
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Table 3.23: Interpretation Guidelines for r and r2 

Statistic 
Effect / Strength 

Small Medium Large 

r 0.1 0.3 0.5 

r
2
 0.01 0.09 0.25 

 

The sections that follow present the correlation data for the impact that each success 

factor has on the effectiveness of the real-time performance measurement system; 

and impact that each success factor has on the use of the real-time performance 

measurement system. This was achieved by calculating correlation coefficients to 

determine the strength of the relationship and p-values to determine if the 

relationship is statistically significant.  

 

3.7.1. Use of System  

 

This section presents the results of the correlation calculations for the various 

success factors against the factor Use of System. Table 3.24 contains the summary 

of these results. 

 

Table 3.24: Correlation between Use of System and Success Factors  

Factor 

Statistical 
Significance 

Pearson 
Correlation 

Coefficient of 
Determination 

p-value r-value r
2
 

Awareness 0.0002 0.393 0.154 

Effectiveness of System in Improving Operations 0.0000 0.738 0.545 

Focus on Improvement 0.0000 0.627 0.393 

Alignment with Strategy 0.0000 0.445 0.198 

Balanced Performance Measurement System 0.0002 0.381 0.145 

Limited Number of Critical Performance Metrics 0.0640 0.198 0.039 

Right Performance Metrics are being Measured 0.0000 0.482 0.232 

Clear Visibility of Performance Metrics 0.0013 0.338 0.114 

Stimulate Action 0.0000 0.598 0.358 

Clearly Defined Performance Metrics and Targets 0.0000 0.527 0.278 

Review of Performance Measurement System 0.0005 0.364 0.132 

Facilitates Decision-Making 0.0000 0.591 0.349 

 

The results of the analysis in Table 3.24 show that the correlation obtained between 

the use of the real-time performance measurement system and the success factors 
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are all statistically significant (p < 0.05) expect for the factor Limited Number of 

Critical Performance Metrics (p > 0.05). Although p < 0.05 is generally used, the 

success factors that were found to be statistically significant were so at a 99% 

confidence level or p < 0.01.  

 

The strength of the correlation (r-value) varies from r = 0.338 to r = 0.738. Using 

Table 3.23 as a guideline; these correlations range from a medium to large effect or 

a moderate to strong relationship. 

  

Figure 3.3 graphically represents the Pearson correlation coefficient and coefficient 

of determination. The success factors are ranked from highest to lowest based on 

the r-value and include only those factors that have a statistically significant 

correlation, i.e. it excludes the factor Limited Number of Critical Performance Metrics. 

 

Figure 3.3: Pearson Correlation Coefficients for Use of System 
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Using the guideline presented in Table 3.23, it clear that the strength of the 

correlation between the use of the system and the success factor ranges from 

moderate to strong.  

 

The strongest relationship exists between Use of System and Effectiveness of 

System in Improving Operations, with r = 0.738. As such these two factors share 

54.5% of the total variance. This relationship can be classified as strong. The 

weakest relationship is between Use of System and Clear Visibility of Performance 

Metrics, with r = 0.338. As such these two factors share 11.4% of the total variance. 

Although being the factor with the lowest r-value, the strength of this relationship is 

between moderate to strong. 

 

Figure 3.3 shows that five factors are strongly correlated (r > 0.5) with the use of the 

real-time performance measurement system. These factors are:  Effectiveness of 

System in Improving Operations (r = 0.738), Focus on Improvement (r = 0.627), 

Stimulate Action (r = 0.598), Facilitates Decision-Making (r = 0.591) and Clearly 

Defined Performance Metrics and Targets (r = 0.527). The remainder of the success 

factors have correlation strengths that lie between moderate to strong. 

 

3.7.2. Effectiveness of System 

 

This section presents the results of the correlation calculations for the various 

success factors against the factor Effectiveness of System in Improving Operations. 

Table 3.25 contains the summary of these results. 
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Table 3.25: Correlation between Effectiveness of System and Success Factors  

Factor 

Statistical 
Significance 

Pearson 
Correlation 

Coefficient of 
Determination 

p-value r-value r
2
 

Awareness 0.0205 0.247 0.061 

Use of system 0.0000 0.738 0.545 

Focus on Improvement 0.0000 0.691 0.477 

Alignment with Strategy 0.0000 0.429 0.184 

Balanced Performance Measurement System 0.0010 0.344 0.118 

Limited Number of Critical Performance Metrics 0.1204 0.167 0.028 

Right Performance Metrics are being Measured 0.0002 0.391 0.153 

Clear Visibility of Performance Metrics 0.0001 0.407 0.166 

Stimulate Action 0.0000 0.600 0.360 

Clearly Defined Performance Metrics and Targets 0.0000 0.550 0.303 

Review of Performance Measurement System 0.0001 0.406 0.165 

Facilitates Decision-Making 0.0000 0.603 0.364 

 

The results of the analysis in Table 3.25 show that the correlation obtained between 

the effectiveness of the real-time performance measurement system in improving 

operations and the success factors are all statistically significant (p < 0.05) expect for 

the factor Limited Number of Critical Performance Metrics (p > 0.05). Although p < 

0.05 is generally used, the all success factors that were found to be statistically 

significant were so at a 99% confidence level (p < 0.01) except for the factor  

Awareness which is significant at a 95% confidence interval (p < 0.05). 

 

The strength of the correlation (r-value) varies from r = 0.247 to r = 0.738. Using 

Table 3.23 as a guideline; these correlations range from a small to large effect or a 

weak to strong relationship. 

 

Figure 3.4 graphically represents the Pearson correlation coefficient and coefficient 

of determination. The success factors are ranked from highest to lowest based on 

the r-value and include only those factors that have a statistically significant 

correlation, i.e. it excludes the factor Limited Number of Critical Performance Metrics. 
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Figure 3.4: Pearson Correlation Coefficients for Effectiveness of System 

 

 

Using the guideline presented in Table 3.23, it clear that the strength of the 

correlation between the effectiveness of the system and the success factor ranges 

from weak to strong.  

 

The strongest relationship exists between Effectiveness of System in Improving 

Operations and Use of System, with r = 0.738 as presented in section 3.7.1. The 

weakest relationship is between Effectiveness of System in Improving Operations 

and Awareness, with r = 0.247. As such these two factors share 6.1% of the total 

variance. The strength of this relationship can be classified as weak to moderate. 

 

Figure 3.3 shows that five factors are strongly correlated (r > 0.5) with the 

effectiveness of the real-time performance measurement system. These factors are:  

Use of System (r = 0.738), Focus on Improvement (r = 0.691), Facilitates Decision-

Making (r = 0.603), Stimulate Action (r = 0.600) and Clearly Defined Performance 
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Metrics and Targets. The remainder of the success factors expect for Awareness 

have correlations strengths that lie between moderate to strong. 

 

3.8. CHAPTER SUMMARY 

 

The empirical research conducted and presented in this chapter was done so with 

the intention of fulfilling the primary objective of evaluating the effectiveness of a 

real-time performance measurement system.  

 

The research conducted was quantitative in nature and can be classified as applied 

descriptive research. Based on the literature review conducted, a questionnaire was 

developed that measures the effectiveness of the real-time performance 

measurement system in enabling operations improvement, by testing the impact of 

various factors that contribute to the success of performance measurement systems. 

A purposive sampling method was employed for data collection by administering 

hard copy questionnaires to employees in departments that make frequent use of the 

system. The response rate achieved was 81.48%. The analysis of the collected 

results was done using SPSS by the Statistical Consultation Services group of the 

North West University.  

 

A reliability analysis of the questionnaire was done by calculating Cronbach’s alpha 

coefficient for all applicable factors. The results of this exercise showed that 

questionnaire was deemed reliable. Confirmatory factor analysis was conducted to 

determine the validity of the questionnaire. The success factors identified a priori, via 

the literature review, allowed an appropriate level of information to be retained and 

showed the questionnaire to be deemed valid. 

 

The effectiveness of the real-time performance measurement system in enabling 

operations improvement in general and specifically within business units’ key 

operational focus areas was done by analysing the mean scores of the questionnaire 

items and success factors. It was found that the average score obtained for the 

questionnaire was 3.760. The mean scores ranged from 3.420 for the factor Limited 

Number of Critical Performance Metrics to 4.375 for the factor Awareness. The 
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means scores obtained, when analysing the data from an operational focus area 

perspective, ranged from 3.689 for improvement in variable cost to 3.809 for general 

improvement in operations.  

 

An analysis of variance (ANOVA) was conducted on the data set to determine if the 

difference in mean scores obtained for the various demographic groups were 

statistically and/or practically significant. It was found that for all demographic 

variables, only the factor Awareness was found to have a statistically significant 

difference in means. All other factors did not show any statistically significant 

difference in mean scores. Many groups within the demographic variables presented 

medium to large effect sizes for the various success factors, but were however not 

practically significant. Practically significant differences in means were found to exist 

for the factors Balanced Performance Measurement System and Limited Number of 

Critical Performance Metrics for the demographic group Year of Experience; and for 

the factor Awareness for the demographic group Job Profile. 

 

Pearson correlation coefficients were calculated to determine the strength of the 

relationship between various success factors and the effectiveness of the system as 

well as with the use of the system. This analysis showed that the factor Limited 

Number of Critical Performance Metrics did not produce a statistically significant 

relationship with both the effectiveness and use of the system. The use and 

effectiveness of the system were highly correlated with an r-value of 0.738. All other 

success factors correlated well with both the use and effectiveness factor. The r-

values have a range from r = 0.338 to r = 0.738 when correlating success factors 

with the use of the system indicating correlation strength is between moderate to 

strong. The r-values have a range from r = 0.247 to r = 0.738 when correlating 

success factors with the effectiveness of the system indicating correlation strength is 

between weak to strong.  

 

The following chapter presents the conclusions drawn from the empirical study and 

recommendations will be made as to where the business unit must focus their efforts 

to take maximum advantage of the real-time performance measurement system. 
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CHAPTER 4  

CONCLUSIONS AND RECOMMENDATIONS   

 
 

4.1. INTRODUCTION 

 

The primary focus of this research study was to evaluate the effectiveness of a real-

time performance measurement system in enabling operations improvement within a 

business unit of a South African petrochemical company. Secondary objectives 

included evaluating the effectiveness of the system in general and within the key 

operational focus areas of the business unit; examining and comparing the 

relationships between selected demographic variables and the success factors; and 

evaluating the impact the success factors have on the ability of the system to enable 

operations improvement. 

 

In Chapter 2, the review of the relevant literature was presented and the key factors 

for successful performance measurement systems were discussed. These factors 

formed the basis of the questionnaire that was developed. Chapter 3 presented and 

discussed the results of the empirical research that was conducted using the 

developed questionnaire.  

 

This final chapter aims to draw conclusions on the results presented in Chapter 3 

and provide recommendations that can be adopted by the business unit to fully 

leverage their real-time performance measurement system in order to obtain 

maximum benefit. In particular this chapter focuses on the following: 

 

 Drawing conclusions on the reliability and validity of the questionnaire. 

 Drawing conclusions regarding the assessment of the questionnaire.  

 Drawing conclusions regarding the relationships between the various 

success factors and selected demographic variables. 

 Drawing conclusion on the impact that the success factors have on the 

effectiveness of the real-time system. 



88 

 Providing recommendations that can be adopted by the business unit. 

 Performing an evaluation of the research study. 

 Providing suggestions for further research in this particular field of study. 

 

 

4.2. CONCLUSIONS 

 

The conclusion presented in this section will be based on the results obtained and 

presented in the empirical study in Chapter 3. As such conclusions will made 

regarding the reliability and validity of the questionnaire; the assessment of the 

questionnaire, including analysis of the various operational focus areas; the 

relationship between success factors and demographic variables; and the correlation 

calculations that were performed. 

 

4.2.1. Reliability and Validity of the Questionnaire  

 

A stated secondary objective of this study was to determine the reliability and validity 

of the questionnaire data. This section presents the conclusions regarding the 

questionnaire reliability and validity. 

 

According to Field (2009:11) it is important to determine properties of a measuring 

instrument that gives the researcher the confidence that the instrument is doing its 

job properly. As such the reliability and validity of the questionnaire data was 

determined before proceeding with any further statistical analysis. 

 

From a reliability perspective, Cronbach’s alpha coefficient was calculated. Using the 

guideline presented by Cortina (1993:101), an alpha coefficient of greater than 0.7 

was deemed to be an indication of good reliability. The results of this analysis 

showed two factors having alpha coefficients below 0.7, viz. Balanced Performance 

Measurement System and Limited Number of Critical Performance Metrics. Tavakol 

and Dennick (2011:54) argue that the length of the test affects the value of alpha and 

hence shorter tests produce lower values. Using this argument, the two factors with 

alpha values below 0.7 were retained in the analysis. 
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From a validity perspective, confirmatory factor analysis can be conducted for the 

success factors identified a priori (Suhr, 2006:1). Various statistical measures were 

analysed including the Kaiser-Meyer-Olkin measure of sampling adequacy, the 

percentage of variation explained as part of the factor extraction, as well as the 

variation of communalities. The results of the analysis show that all factors could be 

retained for further analysis. 

 

4.2.2. Assessment of the Impact of Success Factors 

 

One of the secondary objectives of the study was to statistically evaluate the 

effectiveness of the real-time performance measurement system in enabling 

operations improvement. This section draws conclusions on the impact of the 

various success factors on the real-time system. 

 

The questionnaire in this study uses a five point Likert scale. As described in 

Chapter 3, a score of 3.000 is regarded as an average score, indicating that there is 

a neutral perception for that particular factor. For the purpose of this study, a mean 

score above 3.000 is regarded as employees inclining towards agreeing that a 

particular factor is evident for the real-time performance measurement system. The 

higher the mean score above 3.000, the greater is the agreement that a particular 

factor is evident in contributing to the real-time system enabling operations 

improvement. Hence a score between 3.500 and 4.000 indicates good agreement 

that a factor is evident, and a score above 4.000 indicates strong agreement that a 

factor is evident. 

 

The mean score obtained all factors measuring the effectiveness of the real-time 

performance measurement system was 3.760, indicating that there is good 

agreement among respondents that the real-time system does enable operations 

improvement. Based on the results in Chapter 3, Table 3.15, twelve factors were 

above 3.500, with two of them above 4.000. One factor received a score between 

3.000 and 3.500. It can be therefore concluded that it is evident that all the success 

factors exist within the current real-time performance measurement system and the 

system does deliver in enabling operations improvement.  
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That being said, the various success factors can be analysed individually and 

conclusions drawn as to their impact on the real-time system. Conclusions regarding 

the individual success factors are discussed in the sections that follow. 

 

4.2.2.1. Awareness 

 

This factor was made up of a single statement that tests the extent to which 

employees that should be using the system are aware that it does in fact exist. 

Although not punted by authors and experts as a key success factor, the awareness 

level was tested as a point of interest to determine if a lack of awareness level 

affected the response of the employees. 

 

This factor received the highest score with a mean = 4.375, indicating that, on 

average, all respondents were in strong agreement that they are aware of the 

existence of a real-time performance measurement system on their plants.  

 

4.2.2.2. Use of System 

 

This factor ascertains the extent to which employees make use of the real-time 

system. All literature pertaining to performance measurement has an implicit 

assumption that performance measurement systems are used. For the purpose of 

this research study, this factor was explicitly tested. 

 

The mean score achieved for this factor was 3.767 indicating there is good 

agreement that this factor is evident. This indicates that respondents do make use of 

the real-time system for either monitoring purposes or operations improvement 

purposes.  

 

Breaking this factor down further, the results in Appendix B shows the mean score 

for use for monitoring purposes is 3.852 and the mean score for use for improvement 

purposes in 3.682. Both these scores are above 3.500 indicating good agreement 

that both facets are evident in the business unit. However, employees, in general, 
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make use of the system more from a plant monitoring perspective, rather than from 

an improvement perspective.  

 

Looking the all 37 items tested, usage for improvement is ranked at number 27. With 

the main aim of the real-time system being that of operations improvement, the fact 

that this scored below that of usage for monitoring and was ranked at number 27 

overall, indicates that management need to encourage the use of this system for 

improving operations. A possible reason for this disparity may be users’ level of 

understanding of the metrics making up the real-time system and methods of how to 

positively influence these metrics. 

 

Comparing the mean score for this factor with that of Awareness shows that there is 

a disparity between the two scores. This indicates that although employees are very 

aware of the existence of a real-time performance measurement system, the 

corresponding usage by thereof is not the same.  

 

4.2.2.3. Effectiveness of System in Improving Operations 

 

The objective of the questionnaire was to ascertain the effectiveness of a real-time 

performance measurement system in improving operations by testing a number of 

key factors that make such a system successful. This factor is made up of a single 

statement that explicitly tests its effectiveness.  

 

The mean score achieved for this factor was 4.102 indicating respondents strongly 

perceive the real-time system to be an effective tool in enabling operations 

improvement. This is second highest mean score achieved in the questionnaire. The 

aim of the real-time systems is that of enabling operations improvement and hence 

this score indicates that the current implemented real-time performance 

measurement system is highly capable of enabling the operations team to achieve 

such improvement.  

 

When the mean score of this factor is compared to that of the Use of System, there 

is evidence that there is some degree of difference. The results of the correlation 
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however show an r-value of 0.738 indicating a strong relationship between the two 

factors. This impact is explained further in section 4.2.5.  

 

4.2.2.4. Focus on Improvement 

 

Parker (2000:63) states that performance measurement must be a driver for 

improvement and must also stimulate the behaviour and focus of employees towards 

improvement. 

 

This factor achieved a mean score of 3.756, indicating that there is good agreement 

amongst respondents that the implemented real-time systems are focused towards 

operations improvement and is designed such that it drives the behaviour of 

employees towards to improvement. Although the mean score achieved can be 

denoted as a high rating, in ranking the mean scores of the various factors, Focus on 

Improvement received the ninth highest score. As such, attention must be given by 

management to better direct the real-time system towards improvement of 

operations.  

  

4.2.2.5. Alignment with Strategy 

 

Neely et al. (2005:1241) state that a performance measurement system must be 

positioned in a strategic context as they must influence what employees do. Hence 

the individual metrics making up the performance measurement system must be 

derived from the organisation’s strategy and must be used to reinforce the 

importance of certain strategic objectives. 

 

With a mean score = 3.955, the factor Alignment with Strategy is ranked third of all 

the factors measuring the effectiveness of the real-time system. It can be concluded 

that the implemented real-time performance measurement is based on metrics that 

are very well aligned with the strategy of the business unit.  
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4.2.2.6. Balanced Performance Measurement System 

 

Najmi et al. (2005:109) states it is importance that a performance measurement 

system be multi-dimensional and balanced if it is to be used as a tool to drive an 

organisation forward; and must cover financial as well as non-financial data and 

have metrics focused on short term and long term results. 

 

The mean score for this factor was 3.818 indicating that it is highly evident that the 

implemented real-time system has a balanced and multi-dimensional approach. The 

system contains a mix of both financial and non-financial data in real-time as well as 

having performance metrics that focus both on the short and long terms business 

unit objectives. This factor obtained the sixth highest mean score.  

 

The IT infrastructure in place within the business unit has the capability of enabling 

the translation of the manufacturing cost of the process in real-time, giving 

employees both a process and cost perspective on performance. As such, a mean 

score this high indicates that the real-time system presents a clear holistic picture of 

the business unit’s of operational performance. 

 

4.2.2.7. Limited Number of Critical Performance Metrics 

 

Goomas et al. (2011:207) state that one of the key factors for the success of a real-

time performance measurement system is to limit the number of metrics to only 

those that are critical as it will improve the speed and effectiveness of business 

operations. 

 

This factor obtained a mean score of 3.420 indicating that the real-time performance 

measurement system does contain a small number of metrics and includes only 

those that most important. However this factor received the lowest mean score 

indicating that although respondents agree that this factor is evident, they perceive 

that is the least prevalent of all that were measured.  

 

High quality IT systems make it possible to measure anything that can be measured 

due to speed of measurement and computing power. As such the business unit 
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operations management team need to look into their respective real-time systems to 

ensure that it is does not provide users with too much information which Tangen 

(2004:728) states will end up in users ignoring the information. 

 

4.2.2.8. Right Performance Metrics are being Measured 

 

Buckbee (2007:54) states that a real-time performance measurement system can 

only enable operational improvement if the right metrics are being measured. 

 

The mean score for this factor was 3.693 indicating that it is evident that the real-

time system has the right metrics being measured. This factor did however rank the 

third lowest based on mean score.  

 

4.2.2.9. Clear Visibility of Performance Metrics 

 

Martin (2010:7) states that dashboards containing the real-time performance metrics 

must be developed for all operations personnel and can be differentiated for the 

various functional levels. This will ensure the maximum impact towards improvement 

for operations personnel as they can see the effect of their actions.  

 

With a mean score of 3.875, this factor is ranked fourth of all factors measuring the 

effectiveness of the real-time system. As such there is good agreement amongst 

respondents that the performance metrics are clearly visible to users of the system 

and are displayed via the use of dashboards and/or scoreboards. As such 

employees can visibly see the impact that their actions have on the performance of 

the plant. The investment in IT infrastructure within the various plants supports the 

visual aspect of the real-time system enabling performance metrics to be clearly 

displayed. 
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4.2.2.10. Stimulate Action 

   

Johnston et al. (2002:259) state that a key factor in ensuring that performance 

measurement systems are successful is that they must be focused on taking action, 

specifically towards the improvement goals.  

 

This factor achieved a mean score of 3.837 and is ranked fifth of all factors 

measured. This score shows that respondents have good agreement that this factor 

is evident within the real-time system. As such respondents agree that the system 

stimulates them to take action to improve on operational efficiency, full order on time 

and variable cost.  

 

Table 3.19 in Chapter 3 shows that the mean score obtained for this factor in 

improving operational efficiency was higher than that of the other areas. This 

indicates that the perception of respondents is that the real-time system stimulates 

users towards taking action for improving operational efficiency (mean = 3.864) more 

than it does for the other two operational focus areas.  The mean score obtained for 

improvement in variable cost was 3.852 with full order on time receiving a mean 

score of 3.795. This indicates that, in comparing the three key operational focus 

areas, the real-time system is least effective in stimulating action towards 

improvement in full order on time. 

 

4.2.2.11. Clearly Defined Performance Metrics and Targets 

 

Tangen (2004:728) argues that each performance metric must have a purpose and 

be defined in an unambiguous way to all users of the performance measurement 

system. Furthermore these metrics must have specific targets. 

 

The mean score achieved for this factor was 3.809 indicating that there is good 

agreement among respondents that the performance metrics making up the real-

time system and their respective targets are clearly defined. This factor was ranked 

seventh of the thirteen factors.  
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Further analysis of the mean scores achieved for the items making up this factor 

show that respondents perceived the performance metrics (mean = 3.822) to be 

marginally better defined than the corresponding performance targets (mean = 

3.795).  

 

Table 3.19 in Chapter 3 shows that the mean score obtained for operational 

efficiency (mean = 3.949) for this factor was higher than that of the other areas. This 

indicates that the perception of respondents is that the operational efficiency metrics 

and targets are better defined and possibly better understood by users than those of 

full order on time and variable cost. The mean score obtained for full order on time 

was 3.767 and that of variable cost was marginally lower at 3.710, illustrating that 

although very much evident in the real-time system, metrics and targets for variable 

cost have the least definition.  

 

4.2.2.12. Review of Performance Measurement System 

 

Bourne et al. (2005:377) emphasise the need for continuous review of a 

performance measurement system and re-designing or refreshing the metrics and 

their targets when the need arises, such as a change in strategic focus. 

 

This factor achieved a mean score of 3.576. This indicates that the respondents 

agree that performance metrics and targets making up the real-time system are 

reviewed when organisation or business unit circumstances change. However, when 

compared to the mean score of the other factors measured, Review of Performance 

Measurement System received the second lowest score. This can be interpreted as 

employees perceive the reviewing of the real-time system to have a low prevalence. 

 

An analysis of the items making up this factor reveals that the scores obtained for 

review of measures (mean = 3.561) compares very closely with review of targets 

(mean = 3.591). 

 

The mean score for the review of operational efficiency metrics and targets (mean = 

3.619) was slightly higher than that of full order on time (mean = 3.568) and variable 
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cost (mean = 3.540) indicating that employees perceive operational efficiency 

metrics and targets are reviewed most frequently and those for variable cost are 

reviewed least frequently.  

 

Business unit management must take care to focus attention toward this factor to 

ensure that the real-time system is kept up-to-date with business and operational 

circumstances as, according to De Waal and Counet (2009:371), the system can 

loose its relevance and result in employees completely abandoning the system. 

 

4.2.2.13. Facilitates Decision-Making 

 

Subramanya (2011:73) states that real-time performance measurement enables 

faster decision-making which leads to optimisation of operations. The author further 

asserts that the real-time approach to performance measurement facilitates better 

and optimal decision-making. 

 

This factor obtained a mean score of 3.754. This score indicates that respondents 

have good agreement that the real-time system not only facilitates operational 

decision-making but it enables employees to make more informed and faster 

decisions which results in an improvement in operations. This mean score for this 

factor is ranked tenth, which suggests that operations management must further 

promote empowering employees to make decisions and examine the real-time 

system for elements that may inhibit the facilitation of decision-making. 

 

An analysis of the items making up this factor reveals that the real-time system 

better promotes more informed decision-making (mean = 3.803) as opposed to 

making decisions faster (mean = 3.705).  

 

From an operational perspective, respondents perceive the real-time system to 

better facilitate decision-making with respect to improving operational efficiency 

(mean = 3.818) than it does for improvement in full order on time (mean = 3.723) and 

variable cost (3.720).  
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4.2.3. Assessment of the Operational Focus Areas 

 

A stated secondary objective of this study was to statistically evaluate the 

effectiveness of the real-time performance measurement system in enabling 

improvement within the business unit’s key operational focus areas. This section 

draws conclusion with respect to the above-mentioned objective. 

 

The breakdown of the questionnaire presented in Chapter 3, section 3.2.2 shows 

that the success factors cover general operations improvement, improvement in 

operational efficiency, improvement in full order on time and improvement in variable 

cost. The results of the mean scores obtained in each of these areas have been 

presented in Table 3.18. 

 

Considering the three key operational focus areas, improvement in operational 

efficiency scored the highest (mean = 3.807), followed by full order on time (mean = 

3.705) and variable cost (mean = 3.689). Furthermore, when considering each of the 

success factors that are applicable to improvement in the three specific operational 

focus areas, the highest mean scores were obtained for operational efficiency for all 

four factors. The mean scores achieved for full order on time were higher than that of 

variable cost for all applicable factors except for Stimulate Action.  

 

These results indicate that the perception of respondents is that the real-time system 

has a larger impact on enabling users to improve operational efficiency aspects of 

the process as compared to full order on time and variable cost.  

 

A possible reason for this difference could be based on the understanding and 

contextualisation of the various performance metrics and targets for each of the 

operational focus areas. Operational efficiency is a simple ratio of product produced 

to raw material consumed and hence easily understood; as compared to full order on 

time, which is volume combined with quality standards; and variable cost, which is a 

combination of costs of all material and utilities consumed. The target population can 

be considered to be more process inclined with Production and Engineering 

personnel making up approximately 90% of the respondents. Based on the job 

profile distribution the concept of employees better contextualising operational 
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efficiency could be a plausible reason. As such management must ensure more 

emphasis is placed on improving employees’ understanding of full order on time and 

variable cost through training programmes. 

 

Analysis of the mean scores also indicates that the definition and review of variable 

cost was lower than full order on time and efficiency. A possible reason may be that 

certain cost information is captured on a centralised system separate to the one 

which has the real-time data. As a result any problems that may occur during the 

transfer or input of cost information into the real-time system can negatively impact 

the relevance of the variable cost metrics.  

 

4.2.4. Relationship Between Success Factors and Demographic Variables 

 

One of the secondary objectives of the study was to determine if there is a significant 

difference in selected demographic variables with regards to the perception of the 

impact of the various success factors. This was achieved by conducting an analysis 

of variance on the questionnaire data based on the difference in mean scores for the 

various success factors for the demographic variables of interest. The demographic 

variables selected were the years of experience, highest academic qualification and 

job profile. The sections below draw conclusions on the difference in perception of 

these demographic variables. 

 

4.2.4.1. Years of Experience 

 

Overall, the group with 11-20 years of work experience viewed the real-time 

performance measurement system more positively than the other groups obtaining 

the highest mean score. The group with 21-30 years of experience viewed the real-

time system least positively. Analysis of the individual success factors shows that the 

highest mean scores per success factor are randomly distributed among the four 

groups. In general the lowest scores per success factor were within the group with 

21-30 years of experience.  
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The ANOVA model that was conducted on the data set showed that difference in 

perceptions of the various groups, based on mean score, was only statistically 

significant for the factor Awareness. It was also found that the all the calculated 

effect sizes included the age group 21-30 years bar one. However these were 

deemed to constitute medium effects sizes and hence of no practical significance. 

 

It can therefore be concluded that the difference in means scores obtained is only 

statistically significant for the awareness level. In practice, there is no practically 

significant difference in the mean scores of the groups making up this demographic 

variable.  

 

4.2.4.2. Highest Academic Qualification 

 

Overall the group with Post Graduate qualifications viewed the real-time system 

more positively than other groups. The group with Grade 12 as the highest 

qualification views the real-time system least positively. An analysis of the individual 

success factors shows no distinct pattern in the manner in which the highest and 

lowest mean scores were distributed between the four groups making up this 

demographic variable.  

 

The ANOVA model that was conducted on the data set showed that the difference in 

perceptions of the various groups, based on mean score, was only statistically 

significant for the factor Awareness. A large effect size was calculated between the 

groups with Grade 12 and Degree as their highest qualification, which shows a 

practically significant difference in awareness level of the two groups. The mean 

scores shows that the difference in perception ranges good to strong agreement in 

the awareness level, with the Degree group strongly agreeing. 

 

Medium to large effect sizes were found to exist among the different qualification 

levels for various success factors. These however were deemed not to be practically 

significant differences between the mean scores. 
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Practically significant differences were found to exist for other factors whose mean 

scores were deemed to be statistically insignificant. The groups with Diploma and 

Post Graduate Degrees as the highest qualification were found to practically differ in 

their perception of Balanced Performance Measurement System, with respective 

means of 4.154 and 3.500; and Limited Number of Critical Performance Metrics, with 

respective means of 3.308 and 4.000. The Post Graduate Degree group also 

practically differ in their perception of the factor Limited Number of Critical 

Performance Metrics, with the group having a Grade 12 qualification, with respective 

means of 4.000 and 3.330.  

 

This indicates that in practice those respondents with Diploma level qualification 

have higher agreement than the Post Graduate Degree group that the real-time 

system contains a mix of financial and non-financial metrics as well as having a 

focus on both long and short terms goal. It can also be concluded that in practice, 

respondents with Post Graduate level qualification have higher agreement that the 

real-time system contains only a few critical metrics when compared to Grade 12 

and Diploma respondents. 

  

4.2.4.3. Job Profile 

 

Overall, the Technical group viewed the real-time performance measurement system 

more positively than the other groups, obtaining the highest mean score. The 

Production group viewed the real-time system least positively. Analysis of the 

individual success factors show that the highest and lowest mean scores per 

success factor are randomly distributed among the three groups.  

 

The ANOVA model that was conducted on the data set showed that the difference in 

perceptions of the various groups, based on mean score, was only statistically 

significant for the factor Awareness. Large effect sizes exist between the Production 

and Technical groups and between Production and Operations Management groups 

for the factor Awareness. The mean scores show that the difference in perception 

between Production and Technical are both between good to strong agreement in 

awareness level (respective means of 4.164 and 4.824), with the Technical group 
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inclining more towards strong agreement. The mean scores show that the difference 

in perception between Production and Operations Management are also both 

between good to strong agreement in awareness level (respective means of 4.164 

and 4.875), with the Operations Management group inclining more towards strong 

agreement.  

 

No practically significant differences were found to exist between Job Profile groups 

for the remainder of the success factors. It can therefore be concluded that the 

difference in means scores obtained is only statistically significant for the awareness 

level. In practice, there is no practically significant difference in the mean scores of 

the groups making up this demographic variable.  

 

4.2.5. Correlation of Success Factors 

 

One of the stated secondary objectives was to statistically evaluate the impact that 

each success factor has on the effectiveness of the real-time performance 

measurement system to enable improvement in operations. This section draws 

conclusions with respect to the above-mentioned objective. Use of System and 

Effectiveness of System in Improving Operations were in turn correlated with the 

remainder of the success factors.  

 

4.2.5.1. Use of System 

 

All factors were deemed to be have a statistically significant relationship with Use of 

System, except for the factor Limited Number of Critical Variables. It can therefore 

be concluded that, based on the tendencies present in the data collected, limiting the 

real-time performance measurement system to only contain a small number of 

critical metrics does not statistically impact the whether employees use the system. 

 

Table 3.24 shows that all remaining factors do statistically impact the use of the 

system, the extent of which varies according to the Pearson correlation coefficient.  
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Effectiveness of System in Improving Operations has the strongest correlation (r = 

0.738) with the use of the real-time system. The tendencies present in the data 

suggest that the more employees make use of the system, the more effective the 

real-time system will be in improving operations.  

 

The factor Focus on Improvement has a strong impact (r = 0.627) on the use of the 

real-time system. The tendencies present in the data therefore suggest that as the 

real-time system increases focus on improvement and drives employees’ behaviour 

toward improvement, the more employees will make use the system. Analysis of the 

mean score obtained shows that Focus on Improvement was ranked ninth. Although 

the results do not prove a causal relationship, there is merit in improving the 

prevalence of this factor based on the strength of the correlation. 

 

The factors Stimulate Action and Facilitates Decision-Making both have similarly 

strong impacts (r = 0.598 and r = 0.591 respectively) on the use of the real-time 

system. It can be concluded that the tendencies present in the data suggests that the 

more the real-time system encourages employees to take action and enables users 

to make quicker more informed decisions in the key operational focus areas, the 

better the use of the real-time system will be.  Analysis of the mean score shows that 

the factor Facilitates Decision-Making is ranked tenth. Therefore there is merit in 

management focusing on improving the prevalence of this factor based on the 

strength of the correlation, although the results do not prove a causal relationship. 

Stimulate Action is ranked fifth on mean score obtained and provides little room for 

improvement. 

 

Clearly Defined Performance Metrics and Targets has a strong impact on the use of 

the real-time system, with r = 0.527. It can be concluded that the tendencies present 

in the data suggest that the better the definition of the metrics and targets in the 

various operational focus areas, the better the usage of the real-time system will be. 

This factor is ranked seventh based on mean score and does have room for 

improvement. Although the results do not prove a causal relationship, there may be 

merit in improving the prevalence of this factor based on the strength of the 

correlation. 
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The factors Right Performance Metrics are being Measured and Alignment with 

Strategy both have a moderate to strong effect on the use of the system, with 

respective r-values of 0.482 and 0.445. The tendencies present in the data suggest 

that a change in the prevalence of these factors will have a moderate to strong 

impact on the use of the system.  

 

The factors Awareness, Balanced Performance Measurement System, Review of 

Performance Measurement System and Clear Visibility of Performance Metrics have 

r-values between 0.3 and 0.4 indicating that they have on moderate effect on the use 

of the system. 

 

4.2.5.2. Effectiveness of System 

 

All factors were deemed to be have a statistically significant relationship with 

Effectiveness of System in Improving Operations, except for the factor Limited 

Number of Critical Variables. It can therefore be concluded that, based on the 

tendencies present in the data collected, limiting the real-time performance 

measurement system to only contain a small number of critical metrics does not 

statistically impact the effectiveness of the real-time system in enabling operations 

improvement. 

 

The results in Table 3.25 show that all remaining factors do statistically impact the 

effectiveness of the system, the extent of which varies according to the Pearson 

correlation coefficient.  

 

Whether employees make use of the system or not has the biggest impact (r = 

0.738) on the effectiveness of the real-time system. Hence it can be concluded that 

the tendencies present in the data suggest that the more employees make use of the 

system, the more effective the real-time system will be in improving operations. 

Analysis of the mean score obtained shows that Use of System was ranked eighth. 

Although the results do not prove a causal relationship, there is merit in improving 

the prevalence of this factor based on the strength of the correlation. 
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The factor Focus on Improvement has a strong impact (r = 0.691) on the 

effectiveness of the real-time system. The tendencies present in the data therefore 

suggest that as the real-time system increases focus on improvement and drives 

employees’ behaviour toward improvement, the more effective the real-time system 

will be in improving operations. Analysis of the mean score obtained shows that 

Focus on Improvement was ranked ninth. Although the results do not prove a causal 

relationship, there is merit in improving the prevalence of this factor based on the 

strength of the correlation. 

 

The factors Facilitates Decision-Making and Stimulate Action both have similarly 

strong impacts (r = 0.603 and r = 0.600 respectively) on the effectiveness of the real-

time system. Hence it can be concluded that the tendencies present in the data 

suggest that the better the real-time system encourages users to take action and 

enables users to make quicker more informed decisions in the various operational 

focus areas, the better the real-time system will be in enabling operations 

improvement. Analysis of the mean score shows that the factor Facilitates Decision-

Making is ranked tenth.  There is therefore merit in improving the prevalence of this 

factor based on the strength of the correlation, although the results do not prove a 

causal relationship. Stimulate Action obtained the fifth highest mean score and 

therefore there is little need for improvement of this factor. 

 

The factor Clearly Defined Performance Metrics and Targets also has a strong 

impact on the effectiveness of the real-time system, with r = 0.550. It can be 

concluded that the tendencies present in the data suggest that the better the 

definition of the metrics and targets in the various operational focus areas, the better 

the real-time system will be in enabling operations improvement. This factor is 

ranked seventh based on mean score and does have room for improvement. 

Although the results do not prove a causal relationship, there may be merit in 

improving the prevalence of this factor based on the strength of the correlation. 

 

The factor Alignment with Strategy has a moderately strong impact on the 

effectiveness of the real-time system, with r = 0.429. The tendencies present in the 

data suggest that an improvement in the alignment of business unit strategy with the 

real-time performance metrics will have a moderately strong impact on the 
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effectiveness of the system. With this factor ranked third based on mean score, there 

is little room for improvement in strategy alignment. 

 

Clear Visibility of Performance Metrics and Review of Performance Measurement 

System have similar moderate to strong impacts on the effectiveness of the real-time 

system, with r = 0.407 and r = 0.406 respectively. It can be concluded that the 

tendencies present in the data suggest that improvement in both the visibility of the 

metrics and the review of the metrics and targets in each of the operational focus 

areas will only moderately impact the effectiveness of the system. Hence any 

improvement in these factors may not be warranted for the purpose of improving the 

system’s effectiveness. However, as stated in section 4.2.2.12, business unit 

management must take care to ensure that the real-time system is kept up-to-date 

as the system can loose its relevance and result in employees completely 

abandoning the system. 

 

The factors Right Performance Metrics are being Measured and Balanced 

Performance Measurement System were deemed to have a moderate effect on the 

effectiveness of the real-time system, with r = 0.391 and r = 0.344 respectively 

 

The factor Awareness has a weak impact on the effectiveness of the system, but has 

the highest mean score. This can be interpreted as an employee being aware of the 

existence of a real-time performance measurement system does not impact on how 

effective the system is at enabling operations.  

  

 

4.3. RECOMMENDATIONS 

 

The overall analysis of the empirical study shows that the implemented real-time 

performance measurement system is effective in enabling operations improvement 

within the business unit. As such, the system does not require a major overhaul. 

Rather minor modifications to the real-time system and certain operations 

management processes are recommended. Based on the conclusions in the 

preceding sections, the following recommendations are offered: 
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 An improvement in the employees’ use of the real-time system is required, 

especially in using the system for operational improvement. It is 

recommended that the business unit’s operations management consider 

the following recommendations: 

 

o Intensify the focus on the real-time system as part of the training 

programme for production personnel (or develop a training module 

if not already present). The intention of this must be to promote an 

understanding of the system and methods in which metrics can be 

influenced and targets attained. The use of plant and technology 

technical experts is suggested to facilitate these learning sessions 

and provide insight to the production team. 

o Technical personnel must also receive training on the real-time 

performance metrics with the focus on empowering this group in 

using the system to enable improvement in operations. 

o Incentivising the attainment of certain improvement targets will 

assist in employees making use of the system for improvement 

purposes.  

o Formally mandating the attainment of certain targets can also be 

considered which forces employees to use the real-time system. 

However there are change management and performance 

management aspects that managers need carefully consider before 

adopting this strategy. 

 

 An examination of the design of the real-time system at each of the plants 

is recommended, with the objective being to further enhance the focus of 

the system towards improvement. As such, the real-time performance 

measurement systems must be updated to contain only those metrics that 

are focused on improvement. Elements of the system that serve a plant 

monitoring purpose must be captured in a separate system. This will place 

emphasis of the real-time system on operational improvement. 
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 One of the main aims of implementing a real-time performance 

measurement system is to facilitate and support good decision-making at 

all operations levels (Ukko et al., 2007:39). The results of the empirical 

study show that, although evident, facilitation of decision-making is ranked 

fairly low. It is recommended that three possible avenues for improvement 

of this factor be explored: 

 

o Lack of understanding of the system could be a potential barrier to 

making effective decisions and hence, as stated in the first point of 

recommendation, management must promote the understanding of 

the real-time system and associated metrics and how to affect 

change thereof by embarking on intensified training programmes. 

o Furthermore, an examination of the real-time system is 

recommended to determine if the system’s inherent design contains 

elements that do not promote effective decision-making.  

o The low level of decision-making may also be attributed to the level 

of empowerment of employees regarding decision-making. This 

does not directly point towards a deficiency in the real-time system, 

rather towards a work climate which may negatively impact 

employees using the system to make decisions. Hence it is 

suggested that operations management further promote 

empowering employees to use the system to make decisions that 

positively impact operations.  

 

 A review of the real-time performance metrics and targets must be formally 

conducted at start of each financial year. The intention of this is to ensure 

that the real-time metrics and targets are kept relevant and up-to-date with 

the business unit strategy. The review process must be inclusive with 

contributions from technical, production and operations management.   

 

 Respondents rated the factor Limited Number of Critical Metrics the lowest 

of all success factors which indicates that, if no action is taken, a problem 

of measurement proliferation may develop which will impact continuous 
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improvement. Hence an assessment of the real-time system is required to 

ensure that the metrics chosen are based on the need for the most 

important information.   

 

 It is clear from the empirical study that improvement in operational 

efficiency scored much higher than full order on time and variable cost. 

Training programmes must be intensified (or developed) to improve 

employees’ understanding of the concepts of full order on time and 

variable cost as well as how to obtain improvement for the associated 

performance metrics. Furthermore, the definition and review of variable 

cost metrics must be improved. An examination and review of business 

processes currently in place for input or transfer of variable cost data into 

the real-time system is also recommended.  

 

 It is recommended that operations management also focus on those 

factors that were rated highly by employees. The operations management 

team must therefore reinforce the factors Alignment with Strategy, Clear 

Visibility of Performance Metrics, Stimulate Action and Balanced 

Performance Measurement System.  

 

 The empirical study and conclusions presented show that the employees 

that use the real-time system rate it positively and as such perceive that it 

does positively influence operations improvement. A final recommendation 

therefore is that business unit operations management embark on initiating 

the implementation of real-time performance measurement systems on the 

other plants in the business that currently do not have one, taking into 

account the results and conclusions of this study. 

 

 

4.4. ACTION PLAN  

 

An action plan is proposed to facilitate the implementation of the proposed 

recommendations within the business unit. The plan includes the activities that are 
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required as well as indicating responsible personnel and timelines. Table 4.1 below 

details the action plan.  

Table 4.1: Action Plan to Address Proposed Recommendations  

Action Responsible Start Date 

1 
Present findings of research study to Business Unit 
Management. 

Researcher Feb 2013 

2 
Develop strategy document for improving real-time 
performance measurement system. 

Researcher March 2013 

3 
Alignment session with Operations Management on the 
strategy for improvement of the real-time system. 

Researcher April 2013 

4 
Set up Task Teams at each plant to examine and rectify 
deficiencies in the real-time system as per the strategy 
document. 

Operations 
Management 

May 2013 

5 
Technical experts to develop or update training 
documentation with relevant recommendations and 
present at training sessions. 

Operations 
Management 

May 2013 

6 
General information sessions to be presented by senior 
operations management on the benefits of real-time 
performance measurement to all relevant employees. 

Operations 
Management 

May 2013 

7 
Kick-off projects for the implementation of real-time 
systems at other plants in the business unit. 

Operations 
Management 

July 2013 

 

 

4.5. EVALUATION OF THE RESEARCH STUDY 

 

4.5.1. Primary Objectives 

 

The primary objective of this research study was to evaluate the effectiveness of a 

real-time performance measurement system in enabling operations improvement 

within a business unit of a South African petrochemical company.  

 

Evaluation: 

The primary objective of this study is a culmination of the various secondary 

objectives. Thus the primary objective was achieved by realising the secondary 

objectives. 
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4.5.2. Secondary Objectives. 

 

The following secondary objectives were in support of achieving the primary 

objective: 

 

 Conduct a detailed literature review to gain insight into traditional 

performance measurement systems; real-time performance measurement 

systems; operational improvement areas and key factors that make 

traditional and real-time performance measurement systems a success. 

 

Evaluation: 

This objective was achieved in the Chapter 2, where the literature review 

covered the definition the relevant concepts in section 2.2. Furthermore 

various frameworks for traditional and real-time performance 

measurement systems were discussed in section 2.3. Operations 

improvement was also discussed indicating the key focus areas for the 

business unit under investigation in section 2.4. Lastly an in-depth analysis 

of the key factors for a successful performance measurement system was 

done in section 2.5. 

 

 Develop and administer a questionnaire that measures the effectiveness 

of a real-time performance measurement system. 

 

Evaluation: 

The development of the questionnaire was achieved in Chapter 2 and 

Chapter 3. In section 2.5 and 2.6 of Chapter 2 the key success factors 

were identified which formed the basis of the content of the questionnaire. 

Section 3.2 of Chapter 3 dealt with the scope of the quantitative research 

which included the design of the questionnaire and the collection of data. 
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 Statistically evaluate the reliability and validity of the questionnaire data. 

 

Evaluation: 

This was achieved in Chapter 3, section 3.4 as part of the empirical 

research. Cronbach’s alpha was calculated and confirmatory factor 

analysis was conducted to evaluate the reliability and validity of the 

questionnaire. 

 

 Statistically evaluate the effectiveness of the real-time performance 

measurement system in enabling operations improvement. 

 

Evaluation: 

This was achieved as part of the empirical study in Chapter 3, section 3.5 

where descriptive statistics were used to evaluate various success factors 

and questionnaire items. The conclusions thereof were discussed in 

section 4.2.2 of this chapter. 

 

 Statistically evaluate the effectiveness of the real-time performance 

measurement system in enabling improvement within the business unit’s 

key operational focus areas. 

 

Evaluation: 

This was achieved as part of the empirical study in Chapter 3, section 3.5 

where descriptive statistics were used to evaluate the operational focus 

areas and selected success factors pertaining to the operational focus 

areas. The conclusions thereof were discussed in section 4.2.3 of this 

chapter. 

 

 Statistically examine and compare the relationship between selected 

demographic variables and the identified success factors. 
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Evaluation: 

This was achieved as part of the empirical study in Chapter 3, section 3.6 

where ANOVA models were conducted to evaluate the statistical and 

practical significance of the difference in mean scores for each of the 

success factors for selected demographic variables. The resulting 

conclusions were discussed in section 4.2.4 of this chapter. 

 

 Statistically evaluate the impact that each success factor has on the 

effectiveness of the real-time performance measurement system to enable 

improvement in operations. 

 

Evaluation: 

This was achieved as part of the empirical study in Chapter 3, section 3.7 

where correlation calculations were conducted to evaluate the strength 

and significance of the relationship between the effectiveness of the real-

time system and the various success factors. 

 

It can therefore be concluded that both the primary and secondary objectives of this 

research study were achieved. 

 

 

4.6. SUGGESTIONS FOR FURTHER RESEARCH 

 

Based on the finding of this research study, the following suggestions are put 

forward to be considered for future research on the topic of real-time performance 

measurement: 

 

 This study is confined to a business unit and not the organisation as a 

whole. Therefore this research can further be conducted across the entire 

organisation including all business units. This would enable a comparison 

of the perceptions between employees belonging to different business 

units and enable the organisation to adopt the learning and best practices 
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from each of the business units and implement them across the entire 

company. 

 

 This research study analysed the extent to which the unearthed key 

success factors are evident within the real-time system. Another 

dimension to this study would be to determine the level of importance 

employees place on each of the success factors. Comparing the level of 

importance to the current state would provide insight to the business unit’s 

operations management team in understanding where to prioritise focus in 

improving the real-time system. 

 

 The literature review showed that many studies focus on performance 

measurement system design and the impact of implemented performance 

measurement systems. Little attention is given to the actual 

implementation thereof. Research into the implementation of real-time 

systems will be of great interest in highlighting the change management 

aspects that could impact the success of such a system. 

 

 

4.7. CHAPTER SUMMARY 

 

This final chapter of the research study presented conclusions and provided 

recommendations which were based on the results obtained from the empirical 

study.  

 

The conclusions regarding the assessment of the key factors which contribute to the 

success of a real-time system was presented. The perception of respondents was 

that the real-time system is an effective tool in enabling operations improvement with 

twelve of thirteen factors scoring above 3.500 as a mean score. Conclusions were 

also drawn regarding each of the success factors, where areas of concern for certain 

factors were highlighted. Besides the level of awareness, respondents’ rating 

regarding the presence of the factors Effectiveness of System in Improving 

Operations, Alignment with Strategy, Clear Visibility of Performance Metrics and 
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Stimulate Action were rated the highest. The factors Right Performance Metrics are 

being Measured, Review of Performance Measurement System and Limited Number 

of Critical Performance Metrics received the lowest mean scores.  

 

Conclusions regarding the assessment of the key operational focus areas were also 

discussed which underscores operational efficiency as the area in which the real-

time system best enables operational improvement. 

 

Various demographic variables were found to have different perceptions of the 

success factors, based on mean score. The empirical study presented the statistical 

analysis of these differences and it was concluded that no notable differences in 

mean scores for the selected demographic were found. Specifically, the perceived 

difference in respondents’ view of the real-time system for the various years of 

experience, level of academic qualification and job profile were found to be 

statistically significant only for the awareness level. There was also no notable 

practically significant differences in mean scores found for all demographic variables. 

 

Conclusions regarding the strength of the relationships between the success factors 

and Use of System and Effectiveness of System in Improving Operations were 

presented. The factors Use of System and Effectiveness of System in Improving 

Operations were highly correlated with each other. The factors Focus on 

Improvement, Stimulate Action, Facilitates Decision-Making and Clearly Defined 

Performance Metrics and Targets were strongly correlated with both the use and 

effectiveness factors.  

 

Recommendations were presented that highlight actions that can be taken to 

address the deficiencies that were identified. As such recommendations were 

focused on incentivising attainment of improvement targets; establishing a formal 

review process; enhancing employees’ knowledge and understanding of 

performance areas and metrics; and an examination of the real-time system to 

address elements that have technical deficiencies. An action plan was proposed to 

facilitate the implementation of the proposed recommendations. 
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The chapter and study was concluded with a critical evaluation of the stated primary 

and secondary objectives presented in Chapter 1; and providing suggestions for 

further research on this topic. The study was deemed to be successful in achieving 

both the primary and secondary objectives.  
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APPENDIX A: QUESTIONNAIRE 
 

QUESTIONNAIRE ON THE IMPACT OF REAL-TIME 

PERFORMANCE MEASUREMENT SYSTEM ON 

OPERATIONS IMPROVEMENT 

This questionnaire is designed to measure the effectiveness and impact of the real-time performance 

measurement systems that has been implemented at the various plants on operations improvement.  The 

information provide by you will be treated in the strictest of confidence and will only be used for this specific 

research study without disclosure of any company and/or individuals details. The answering of the questionnaire 

is absolutely voluntary and you may withdraw at any time without any reason or consequence. 

SECTION A: Demographic Information 

A1 Years of experience 0 – 10     

  11 – 20   

  21 – 30   

  31 +   

A2 Job Role Production (Shift)  

  Technical / Engineering  

  Operations Management  

A3 Gender Male  

  Female  

A4 Qualification Grade 12  

  Diploma  

  Degree  

  Post Graduate Degree  

A5 Age Group 20 – 30  

  31 – 40  

  41 – 50   

  51 – 60   

  61 +  
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SECTION B: Questionnaire 

Please rate the extent to which you agree or disagree with the following statements by making an “X” over the 

appropriate number on the 1 to 5 point scale next to the statement. 

 

1 = Strongly Disagree 2 = Disagree  3 = Neutral 4 = Agree 5 = Strongly Agree 

 

CODE STATEMENT 
SCALE 

G1 
I am aware that my plant has implemented a Real-Time Performance 

Measurement System. 

1 2 3 4 5 

G2 
I make use of the Real-Time Performance Measurement System to monitor 

the plant production process. 
1 2 3 4 5 

G3 
I make use of the Real-Time Performance Measurement System to 
improve the production process. 

1 2 3 4 5 

G4 
In general, I believe the Real-Time Performance Measurement System is a 

good tool for improvement in plant operations.  

1 2 3 4 5 

G5 
In general, I believe the Real-Time Performance Measurement System is 

focused on operations improvement rather than monitoring. 
1 2 3 4 5 

G6 
In general the Real-Time Performance Measurement System drives my 
behaviour towards operations improvement.  

1 2 3 4 5 

G7 
I believe that the Real-Time Performance Measurement System is aligned 
with the business unit strategy. 

1 2 3 4 5 

G8 
The Real-Time Performance Measurement System contains a mix of 

financial and non-financial performance measures. 

1 2 3 4 5 

G9 
The Real-Time Performance Measurement System contains measures that 

are focused on short and long terms objectives. 

1 2 3 4 5 

G10 
The Real-Time Performance Measurement System contains a small 
number of performance measures. 

1 2 3 4 5 

G11 
The Real-Time Performance Measurement System contains only critical 

performance measures. 

1 2 3 4 5 

G12 
I believe that the right measures are being measured by the Real-Time 

Performance Measurement System. 

1 2 3 4 5 

G13 

The Real-Time Performance Measurement System makes all the 

performance measures clearly visible by displaying them on dashboards 

and/or screens. 

1 2 3 4 5 

E1 
The Real-Time Performance Measurement System encourages me to take 

action to improve  operational efficiency  
1 2 3 4 5 

F1 
The Real-Time Performance Measurement System encourages me to take 

action to improve Full Order On Time. 
1 2 3 4 5 

C1 
The Real-Time Performance Measurement System encourages me to take 

action to reduce variable cost. 
1 2 3 4 5 

E2 
The Real-Time Performance Measurement System has clearly defined 

measures that enable me to improve operational efficiency.  

1 2 3 4 5 

F2 
The Real-Time Performance Measurement System has clearly defined 
measures that enable me to improve Full Order On Time. 

1 2 3 4 5 
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C2 
The Real-Time Performance Measurement System has clearly defined 

measures that enable me to reduce variable cost. 

1 2 3 4 5 

E3 
The Real-Time Performance Measurement System has clearly defined 

operational efficiency targets.  

1 2 3 4 5 

F3 
The Real-Time Performance Measurement System has clearly defined Full 
Order On Time targets. 

1 2 3 4 5 

C3 
The Real-Time Performance Measurement System has clearly defined 

variable cost targets. 

1 2 3 4 5 

E4 
The Real-Time measures for operational efficiency are reviewed as 

business unit circumstances change. 

1 2 3 4 5 

F4 
The Real-Time measures for Full Order On Time are reviewed as 

business unit circumstances change. 

1 2 3 4 5 

C4 
The Real-Time measures for variable cost are reviewed as business unit 

circumstances change. 

1 2 3 4 5 

E5 
The targets for the Real-Time operational efficiency measures are 

reviewed as business unit circumstances change. 
1 2 3 4 5 

F5 

The targets for the Real-Time Full Order On Time measures are reviewed 

as business unit circumstances change. 1 2 3 4 5 

C5 

The targets for the Real-Time variable cost measures are reviewed as 

business unit circumstances change. 1 2 3 4 5 

E6 
The Real-Time Performance Measurement System helps me make 

decisions to improve operational efficiency. 
1 2 3 4 5 

F6 
The Real-Time Performance Measurement System helps me make 

decisions to improve Full Order on Time. 
1 2 3 4 5 

C6 
The Real-Time Performance Measurement System helps me make 

decisions to reduce variable cost. 
1 2 3 4 5 

E7 
The Real-Time Performance Measurement System helps me make more 

informed decisions to improve operational efficiency. 
1 2 3 4 5 

F7 
The Real-Time Performance Measurement System helps me make more 

informed decisions to improve Full Order On Time. 
1 2 3 4 5 

C7 
The Real-Time Performance Measurement System helps me make more 

informed decisions to reduce variable cost. 
1 2 3 4 5 

E8 
The Real-Time Performance Measurement System helps me make faster 

decisions to improve operational efficiency. 
1 2 3 4 5 

F8 
The Real-Time Performance Measurement System helps me make faster 

decisions to improve Full Order On Time. 
1 2 3 4 5 

C8 
The Real-Time Performance Measurement System helps me make faster 

decisions to reduce variable cost. 
1 2 3 4 5 
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APPENDIX B: DESCRIPTIVE STATISTICS FOR 

QUESTIONNAIRE ITEMS 
 

Table B1: Mean Score and Standard Deviation for All Questionnaire Items 

Questionnaire Item n mean s 

G1 
I am aware that my plant has implemented a Real-Time Performance 
Measurement System. 

88 4.375 0.807 

G2 
I make use of the Real-Time Performance Measurement System to monitor the 
plant production process. 

88 3.852 0.929 

G3 
I make use of the Real-Time Performance Measurement System to improve the 
production process. 

88 3.682 0.953 

G4 
In general, I believe the Real-Time Performance Measurement System is a good 
tool for improvement in plant operations.  

88 4.102 0.845 

G5 
In general, I believe the Real-Time Performance Measurement System is 
focused on operations improvement rather than monitoring. 

88 3.807 0.969 

G6 
In general the Real-Time Performance Measurement System drives my 
behaviour towards operations improvement.  

88 3.705 0.924 

G7 
I believe that the Real-Time Performance Measurement System is aligned with 
the business unit strategy. 

88 3.955 0.870 

G8 
The Real-Time Performance Measurement System contains a mix of financial 
and non-financial performance measures. 

88 3.830 0.861 

G9 
The Real-Time Performance Measurement System contains measures that are 
focused on short and long terms objectives. 

88 3.807 1.038 

G10 
The Real-Time Performance Measurement System contains a small number of 
performance measures. 

88 3.489 1.017 

G11 
The Real-Time Performance Measurement System contains only critical 
performance measures. 

88 3.352 1.029 

G12 
I believe that the right measures are being measured by the Real-Time 

Performance Measurement System. 
88 3.693 0.862 

G13 
The Real-Time Performance Measurement System makes all the performance 
measures clearly visible by displaying them on dashboards and/or screens. 

88 3.875 0.907 

E1 
The Real-Time Performance Measurement System encourages me to take 
action to improve  operational efficiency  

88 3.864 0.886 

F1 
The Real-Time Performance Measurement System encourages me to take 
action to improve Full Order On Time. 

88 3.795 0.984 

C1 
The Real-Time Performance Measurement System encourages me to take 
action to reduce variable cost. 

88 3.852 0.929 

E2 
The Real-Time Performance Measurement System has clearly defined 
measures that enable me to improve operational efficiency.  

88 3.909 0.825 

F2 
The Real-Time Performance Measurement System has clearly defined 
measures that enable me to improve Full Order On Time. 

88 3.830 0.913 

C2 
The Real-Time Performance Measurement System has clearly defined 
measures that enable me to reduce variable cost. 

88 3.727 0.944 

E3 
The Real-Time Performance Measurement System has clearly defined 
operational efficiency targets.  

88 3.989 0.750 

F3 
The Real-Time Performance Measurement System has clearly defined Full 
Order On Time targets. 

88 3.705 0.873 

C3 
The Real-Time Performance Measurement System has clearly defined variable 
cost targets. 

88 3.693 0.963 

E4 
The Real-Time measures for operational efficiency are reviewed as business 

unit circumstances change. 
88 3.580 0.943 

F4 
The Real-Time measures for Full Order On Time are reviewed as business unit 

circumstances change. 
88 3.534 0.922 
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C4 
The Real-Time measures for variable cost are reviewed as business unit 

circumstances change. 
88 3.568 0.944 

E5 
The targets for the Real-Time operational efficiency measures are reviewed as 

business unit circumstances change. 
88 3.659 0.856 

F5 
The targets for the Real-Time Full Order On Time measures are reviewed as 

business unit circumstances change. 
88 3.602 0.891 

C5 
The targets for the Real-Time variable cost measures are reviewed as business 

unit circumstances change. 
88 3.511 0.884 

E6 
The Real-Time Performance Measurement System helps me make decisions to 
improve operational efficiency. 

88 3.841 0.945 

F6 
The Real-Time Performance Measurement System helps me make decisions to 
improve Full Order on Time. 

88 3.705 0.984 

C6 
The Real-Time Performance Measurement System helps me make decisions to 
reduce variable cost. 

88 3.716 0.970 

E7 
The Real-Time Performance Measurement System helps me make more 
informed decisions to improve operational efficiency. 

88 3.841 0.869 

F7 
The Real-Time Performance Measurement System helps me make more 
informed decisions to improve Full Order On Time. 

88 3.807 0.908 

C7 
The Real-Time Performance Measurement System helps me make more 
informed decisions to reduce variable cost. 

88 3.761 0.959 

E8 
The Real-Time Performance Measurement System helps me make faster 
decisions to improve operational efficiency. 

88 3.773 0.944 

F8 
The Real-Time Performance Measurement System helps me make faster 
decisions to improve Full Order On Time. 

88 3.659 0.945 

C8 
The Real-Time Performance Measurement System helps me make faster 
decisions to reduce variable cost. 

88 3.682 1.023 
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APPENDIX C: SCATTER PLOTS FOR CORRELATIONS 
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Use of System vs. Alignment with Strategy 
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Use of System vs. Right Performance Metrics are being Measured 
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Use of System vs. Stimulate Action 
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Use of System vs. Review of Performance Measurement System 
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Effectiveness of System vs. Awareness 
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Effectiveness of System vs. Focus on Improvement 
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Effectiveness of System vs. Balanced System 
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Effectiveness of System vs. Clear Visibility 
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Effectiveness of System vs. Clearly Definition of Metrics and Targets 
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Effectiveness of System vs. Facilitates Decision-Making 
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