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CHAPTER I. 

THE PROBLEM. 

In this study an attempt is made to contribute 
something to the pr oblem of subject-matter and 
method in High School Physics and General Science 
from the point of view of conceptual development. 

In recent years much attention has been focussed 
on the problems of educational measurement with the 
result that numerous tests have been devised and stan­
dardized for the purpose of measuring objectively the 
products of teaching. A few tests in the field of High 
School Science have also been constructed. This wide­
spread interest in measurement, however, partially 
eclipsed the long standing and important questions of 
method and subject-matter and teachers appeared to be 
more interested in applying tests of attainment than in 
the learning process itself. 

The standardized science test, however, actually is 
throwing into relief the very problems ·which it ap­
peared to be overshadowing. Test results have to be 
accounted for, and one is soon face to face \Vith the 
real problems of the class-room and the laboratory. 
Thus we find recent studies of \Vebb and Dvorak to de­
termine the suitability of various t ypes of subject­
matter and method in General Science and that of 
Powers into the difficulty of the subject-matter of High 
School Chemistry. The next step, obviously, is to supple­
ment our standardized achievement tests in Science by 
diagnostic test units and by methods of remedial in­
struction. It is not the purpose of this study, however, 
to develop a scale of diagnostic tests, but rather to con­
duct preliminary investigations into the problems of 
subject-matter and method, the results of which may 
be of use and guidance to future constructors of diagnos­
tic tests and of remedial methods of teaching in the field 
of High School Science. 

From the point of vie\i.- of psychology, one aim of 
scien~e teaching should be to provide the pupil with 
such experiences as would increase his store of concepts, 
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qualitatively as well as quantitatively. Old concepts should 
be changed and developed into richer and more scientific 
concepts. New concepts should also be formed. When the 
child ·first enters the Physics class he is equipped with 
a store of concepts all his own; he has hs notions of 
Heat, Gravity and \Veight, notions that were built up 
unreflecrively without any consciously directed thinking. 
These are what Ernst .:.Vlach calls the "instinctive" no­
tions, the vague or naive notions which the study of 
science is supposed to de\·elop into logical or scientific 
concepts. It is one purpose of this study to find out just 
what some of these "instincth·e" notions are. 

The building of concepts is not an end in itself; on 
the contrary, concepts are merely valuable tools for 
further investigations, their value being proportional to 
their significance to the pupil. Thus the formation of 
the concept .i\lass by a pupil is not the end but rather 
a tool of operation in the further study of Mechanics 
or Dynamics. It will be recalled that this concept was 
first formed by Sfr Isaac Newton as a necessary means 
of further investigation. Similarly, the concept of Weight 
as a force may or may not be more useful intrinsically 
than the notion of Weight as heaviness; in fact the latter 
notion seems to be adequate for all practical and every-­
day affairs. But for further scientific investigation, or 
for the formation of later concepts. a :;cientific concept 
of Weight is absolutely necessary and prerequisite. 

The study of science should not only enable pupils 
to form entirely new concepts, that is, concepts with 
which they have previously been unfamiliar ; but it 
should also enable them to change t heir naive notions 
to scientific: concepts. With this thesis in mind, the 
writer attempted to find out whether the study of PhysiC3 
or General Science does produce a change in pupils· 
not ions . 

The method of deciding whether a concept is naive 
or scientific was in accordance with Dr. Dewey's cri­
terion, dz:- "Our conceptions attain a maxi'mum. of 
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individuality and generality (or applicability) in the 
degree to which they show ho"\\· things depend one upon 
another, instead of expressing the qualities that objects ­
possess statically .. . _A scientific definition is founded,_ 
not on directly perceived qualities nor on direc.:tly use­
ful properties, but on the way in which certain things 
are causally related to other things, i.e. it denotes a 
relation." 1 ) The "heaviness" notion of weight would, 
therefore, be classified as naiYe or Yague, whereas the 
notion that weight is a measure of the attraction be­
t v;een the earth and a mass would be regarded as scien­
tific. 

An attempt will also be made to trace ce1·tain very 
prevalent naive or erroneous notions to their geneses and 
to disco\·er why some concepts do not become scientific 
in spite of formal science teaching. This will be done by 
detailed study of existing notions of pre-science :;tudents, 
by examination of individual pupils or by observation 
and examination of pupils under controlled conditions of 
teaching. This study is divided intc two parts. Part I 
is concerned with the collection of data on existing con­
cepts whereas Part II gives the results of causal inYesti­
gations into the conditions found in Part I of the 
study. 

The field of Physics is so wide and so much is 
attempted in the High School course, t hat it "-ould be a 
tremendous task to treat all subject-matter in the pro- _ 
posed way, that is, to classify data qualitatively as well 
as quantitatiYely. In the majority of the newer types of 
examinations and tests responses are scored as either 
right or wrong and little attempt is made to analyse the 
wrong responses qualitatively. This method of treating 
results, however, is essential to t his study. For this r eason 
it was thought that a detailed analysis of a represen­
tath-e sampling of subject-matter would thro'"' more ­
light on problems of science teaching than a gen~ral 

survey of the whole field of Physics. 

(1) Devn;y '" H ow we th ink" , p.134. 



CHAPTER II. 

SURVEY OF OTHER STUDIES. 

Studies on concepts held by children and especially 
by High School pupils are sca1·ce and the writer has been 
able to t race only a few relating to the sciences. There is 
plenty of literature and much discussion on concepts, 
their nature and formation, from the viewpoints of both 
the fcrmal logicians and the psychologists. Interesting as 
these may be, it is beyond the domain of this study to 
treat concepts from these points of view. 

During the child study movement great importance 
was attached to and much work done on the types of 
concepts held by children. G. Stanley Hall 1 ) carried on 
investigations to discover children's ideas of Fire, Clouds, 
Weather etc. To quote from his findings, "Thus it ap­
pears that children as early as five years do understand 
that there is some connection between weather and ther ­
mometer. Their first impressions are that the thermome-
ter controls the weather ...... From eight years on the 
notion that weather affects the tl::ermometer is preva­
lent, but the child does not know how." In the case of 
Heat, he found that most of the young children he exam­
ined thought of it as Fire, a notion evidently built up 
through experiences with fire. Investigations of this kind 
were also made in E urope, by Olsen 2 ) in Denmark and by 
Hartmann in Germany 3 ). 

Another study is that of Chambers 4 ) . His method 
consisted of selecting certain words and of asking school 

(1) H ull. G. S. Con~nt of children's minds on entering school. 
• f2) Olsen J . ' 'Children's ideas" Paidologist Yo!. 2 1900. 

(3) Hartman J. " Die analyse der kindlic.hen gedanken kreises " . 
(4) Chambers .J. " H ow words get meaning" Ped. Sem. 1904. 
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the new concepts must be built are of infinitely greater · 
qualitative variety and wider quantitative range thar 
even the most scattered results of a term's instruction." 

Webb's other study relates to the subject matter of 
General Science 1 ). In an attempt to determine the diffi­
culty of the various sciences composing General Science,_ 
certain " learning tests" were used. The child was allowed _ 
2 minutes to study a piece of subject matter after which 
4 minutes were allowed to answer certain questions to -
test assimilation of and power to apply the subject matter 
studied. This method has its advantages when used to 
make a preliminary survey of a whole field or type of -
subject matter, but it is not well suited to test in detail a -
specific piece of subject matter from one science such as 
Physics. 

This study of Webb and that of Powers 2 ) into the 
subject matter of High School Chemistry are examples of 
the diagnostic methods to which all the High School 
sciences will have to be subjected. 

Dvorak's "Study of Achievement and subject matter -
in General Science" 3 ) is a study of the General Science 
curriculum. A set of 300 questions was given to pupils . 
who had and had not studied General Science in the 8th 
and 9th grades, also to pupils of the higher grades. By 
an analysis and statistical treatment of the results of the -
test questions, he obtains a standardized General Science 
test. He finds that many pupils are familiar with much of · 
the material of General Science before taking the course· 
and concludes .. .. ''the fact makes it desirable, if not im-­
perative, to classify pupils .... on the basis of their pre- ­
vious knowledge of the subject." Dvorak calls his final 
scales "Diagnostic Tests . . . . which will serve to place pu­
pils into sections homogeneous as to the point at which 
their General Science course should begin and as to what· 

(1) W ebb H . A. "General Science Instruction in the Grades". 
Geo. Pea.body Contrib. t-0 Educ. 

(2) P owers S. R. " Diagnosis in H .9. Chemistry". 
(3) Dvorak A. "Study of achievement and subject matter in General · 

Science"' (Unpublished). 
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.it should include." The tests probably will be able to dif­
ferentiate quantitatively among entering students, but the 
writer fails t o see how it will be known what the courses 
should include. The items which compose the test cannot 
be used separately. Thus in item 46, for example, 29.4% 
of 8th grade non-General Science girls and only 18.6% 
of 9th ~rade General Science girls knew that Heat travels 
through a vacuum by radiation. In other words about 
30% of students who have never studied General Science 
are apparently familiar with a fact which they could 
hardly have learned from everyday experience, while only 
about 19%, after a year in the General Science course, 
know the same fact. 

Other items in the test give similar results. Evidently 
the results of single items in a test of this type (multiple 
choice) have little meaning, but only the results of all 
the items together. Dvorak's test therefore does not throw 
·any light on specific subject matter, and in the mind of 
the writer, is no more diagnostic . than similar kinds of 
·tests, although it may be excellent as a means of measur­
ing "ability in General Science", "range of information", 
·~'achievement" or what not. 



CHAPTER III. 

GENERAL METHOD OF PROCEDURE. 

In order to trace development of significance of a 
concept it was decided to make a collection of the con­
cepts held by pupils before and after studying General 
Science or Physics and then to compare, these concepts. 
qualitatively as well as quantitatively. 

In the large majority of High Schools Physics is 
either an 11th or 12th grade subject and General Science 
a 9th grade subject. The small 10th grade Physics gr~mp 
used in this study was drawn from two schools only; no 
other schools could be located where Physics was offered_ 
in this grade. Biology too is a very popular 9th grade 
subject just as Chemistry is an elective 11th or 12th grade 
course. Rarely does a student go through High School 
without electing one of these sciences - General Science, 
Biology, Physics or Chemistry. It was therefore difficult 
to get "pure" control groups, i.e. groups of pupils who had 
not had either General Science or Physics and impossible 
to find pupils who had not studied any science. 

The control groups used in this study, however, were 
pupils who had not studied General Science or Physics, 
although they had had Biology or Chemistry in most 
cases. This, however, is no disadvantage since, after al!, 
students who enter a Physics class normally would als<>­
have had one or more of these subjects. In addition 8tlL 
grade, and in some cases 6th and 7th grade pupils were­
also used. The groups involved in this study then are :­
Grades 6 to 12 non-Physics, non-General Science; 9th 
grade General Science; 10th, 11th and 12th grade Physics. 
The non-science groups, for convenience, will be referred 
to as the minus groups (-9, -11 etc.) while the General 
Science or Physics groups will be known as the plus 
groups ( + 9, + 11 etc.) 
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In a study of this kind it was not only necessary to . 
../ 

know wjhether a certain Physics class had studied "Heat", 
but also whether they had had a particular topic in Heat, _ 
for example, Specific Heat. Such information was ob­
tained from the teacher in charge by means of a que<;-­
tionnaire which was included in and returned with each . 
set of test questions. A +12th group-, therefore, means 
that the students had studied Physics and, in particular, 
the subject matter in question. The results of Physics 
students, who had not studied the necessary subject mat- . 
ter, were disregarded for that particular concept. 

METHODS OF OBTAINING DATA. 

All data in this study were obtained from pupils' 
written responses to the common form of questioning, for 
example, "Tell how Dew gets on the grass" ; or from short 
essays written by pupils, for example, "White an essay on 
Heat. First tell what you think Heat is and then tell 
other things you know about it". 

In view of the advances that have recently been made_ 
in the matter of examinations, such methods as were -=m­
ployed may appear obsolete. They were chosen, however,_ 
after many weeks of trial and ultimate discard of the 
true-false, multiple choice and completion types of 
examination, and not as the path of least resistance. 
Why then were these newer types of e~minations not 
used? 

Firstly: Because of the nature of the problem, it 
was not sufficient to know that a certain answer was 
right or wrong. For example, it was. not sufficient to 
know what per cent. of pupils bad vague or incomplete · 
notions of Specific Heat or Condensation; ollt' also just : 
what these notions were. 
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Secondly: Chance plays too great a part in some 
·-of the newer types of examinations when a few items 
.are involved. For example, were the writer to use item 
46 of Dvorak's scale in order to discover children's 
notions of heat transference, there would be the prob­

. ability of more -8th graders than + 9th graders having 
-a notion of radiation. By taking many such items 
together, on the other hand, to reduce pure chance, a 

· test could, of course, be constructed and scored. Here 
again the score would be of little use for this study ; 
to " score" a pupil's concept of a Rainbow or Accelera­
tion conveys little. 

Thirdly: Tests like the "Completion," apart 
from depending too much on Intelligence, control the re-

. sponse too mu~h. This may prevent non-science pupils from 
responding, and this could certainly not be interpreted 
as " no concept," especially · in such cases as Boiling, 
Weight etc., cf which most children have some notions. 

Four thly: The newer types of examinations were 
designed as scientific instruments of measurement. 
Primarily, the purpos-e of this study was not to derive 

. an instrument for measuring with scient ific accuracy 
' concepts of children, if such could be done; but to dis­
cover just what these concepts are and how they develop 
qualitatively. Knowledge of these is prerequisite to 

·their measurement. 

To get a child to respond to a question, it was 
absolutely necessary to exert as little control over the 
response as possible. For this and the reasons pre­
viously given the writer used the ordinary form of 
written question and answer. In addition it was necess­
ary in certain cases to resort to oral questioning of 
individual pupils in order to account for certain con-

. cepts held. 
In every case, ·each qrrestion or set of questions, was 

first tried out on a small group of non-science and science 
students ·in order to correct mzy ambiguity or ind~in­

. iteness of meaning · ana · a]s-o to :obtain an estimate of the 
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approximate time taken. Although the speed factor did 
not enter into this study, nevertheless it was necessary 
to know approximately how long the pupils of the 
various grades would take. 

METHOD OF RECORDING DATA. 

Every set of questions returned was read through 
by the writer and the response to every question was 
classified and recorded. The percentage of pupils of 
each grade giving a particular response was then calcul­
ated. This laborious method was employed throughout 
this study. The concept Weight may be used as an 
illustration. All responses that "Weight is the heavi­
ness of a thing'' were grouped ; all responses that 
"Weight is the number of pounds in a thing" were 
grouped; scattered responses such as Weight is pressure, 
amount etc. which did not occur to a great extent, were 
grouped as miscellaneous. The percentage not making 

~ a response was also calculated. 

METHODS OF OBTAINING GROUPS. 

Through the co-operation of Dr. Reynolds of the 
Bureau of Educational Service of Teachers College, the 
writer was supplied with the names and addresses of 
Teachers College Alumni who were superintendents or 
principals of schools. Letters explaining the purpose of 
the study and asking for co-operation by giving the 
"tests " in their schools were sent to about 110 alumni 
as well as to a number of Physics teachers who were 
members of the Central Association of Science and 
Mathematics Teachers. 1 ) 

The writer wishes to thank the following persons for their assis-
. tance in giving the questions to their pupils :-

Messrs. 
J. P . Ackermann Hudson, N. Y. 
P . S. Barnes H artford, Conn. 
C. H. Manchester Providence, R. I. 
J. R. Wilson Paterson, N. J . 
J. W. Schneck Milwaukee, Wis . 
.J. L . Finlayson Chicago, ill. 
E . L . Cookson Cleveland, 0 . 
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Messrs. 
E. C. Wixom 
J . S. Ward 
J . P. W agner 
L. A. BuDahn 
Chas. "Vance 
W .. J. Bra.man 
R. C. Burdick 
W. F. Conway 
W . F . F raser 
F. R Gott 
H . J. Langworthy 
s. Linn 
J. W. Robinson 
K. L . Retherford 
A. J. Stoddard 
C. C. Swift 
L. J. Vercasky 
C. A. Rubado 
R. K. Watkins 
W . J . l\Iachwart 
G . W. Paulsen 
H. E. Dempsey 
W. E. Stark 
T. Ae Zornow 
W. J. Weiner 
W. S. Sieber 
J . B . Carpenter 
R. B. Taylor 
H . B. Smith 
S. E . McEvoy 
J.E. R uffin 
H . D. Casey 
R. K. Toaz 
T. L. 1TcKnight 
E. D. Clark 
C. G. )fankev 
A. E. &tuke~ 
J. A. Smith. 
F. A. Tibberts 
F . Underhill 
C. E . Pattison 
C. E. Thompson 
J . McCoy 
T. Snyder 
C. S. Bragdon 

Cleveland, 0. 
Providence, R.I. 
·Wi lmington, Del. 
Asbury Park, N. Y. 
Steubenrille, 0 . 
Dansville, N.Y. 
Ticonderoga, N.Y. 
Edgewater, N .Y. 
Niagara Falls, N .Y. 
Buffalo, N.Y. 
Oneida, N.Y. 
P atchogue, K.Y. 
Gr. Ridgefield P ark N.J" 
Fayetteville, K.Y. 
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Columbia, :M:i. 
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Plainfield K .J. 
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Springfield, Vt. 
Huntington, K.Y. 
Central Valley, N.Y. 
Passaic, K.J. 
N utley. X.J. 
Fort L ee. N.J. 
Chillicothe. 0. 
J ersey City. N.J. 
Scarsdale, N .Y. 
Cleveland, 0 . 
Stratford . Conn. 
Springfield. ill. 
Granville, N.Y. 
New Rochelle , K. Y 



CHAPTER IV. 

PRELIMINARY SURVEY. 
In the preliminary survey single direct questions; 

were used to obtain pupils' notions of Energy, Evapora­
tion, Condensation, Dew and Rainbow formation, Accel­
eration and Specific Heat. Thus, the pupil was simply 
asked to "Tell how Dew gets on the grass". In this way 
data were gathered concerning a multitude of concepts,. 
of which only a sampling can be given here. 

T.his chapter contains a sample of the battery of 
questions used in the preliminary survey together with 
an analysis of results. Tl:e responses to questions are 
first classified in Tables 1 to 9 and then discussed. 

Preliminary Test Battery. 
Fill in all blanks before taking the test. 

Name . . . . . . . . . . . . . . . . . . . . School ................. . 
Age: Years .... months .... Bqy or Girl. ... Grade ... . 
Are you studying Physics at present ? ....... . 

In the following list underline the subjects you have 
studied and write after each t l:e grade you ".:re in then. 

General Science ( ) Biology ( ) Chemistry ( ) 
Physics ( ) 

. Directions: This is a short science test. Even if 
you have never studied science, try your Qest with every 
question. Read each question over carefully and then 
write your answer in the space just below it. 
1. The acceleration of an automobile is greater than. 

that of a street car. Tell what " Acceleration,,.. 
means. 

2. What do you mean by saying that a thing has. 
energy? 
Has wind any energy? .... Why? 
Has coal any energy? .... Why? 

3. There is more evaporation on some days than on. 
others. Tell what you think "Evaporation" means_ 

4. The condensation of vapor is a common occurrence_ 
Tell what you think " Condensation " means. 

, 
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..5. ·The specific heat of glass is .2. Tell what this 
means. 

6. T ell in your own way how Dew gets on the grass. 
7. Tell how a Rainbow gets into tl:e sky. 

It was previously ascertained by experimentation 
that nearly all the pupils of the grades in question could 
finish in less than 30 minutes. The m ajority of schools 
offered a 40 minute class period for the test. The in­
struction to the pupils were that they should hand in 
the test when they had answered all t he questions they 
could. The few papers that were not handed in before 
the end of the 40 minute period were collected. 

The responses to the various questions are classified 
in the tables that follow, the type of response given, 
appearing on the left and opposite it the per cent. of 
pupils in each grade giving that type of response. The 
number of pupils in each grade, the median age for t he 
grade and the type of grade-population (Science or Non­
-Science) are also indicated at the head of each table. 

Table 1. 
(Percentage of responses to questions) :-

The acceleration of an automobile is greater than 
that of a street car. Tell what Acceleration means:-

I I i' Grade .. . . .. .... I 
J Number .. . . .. .. " I 

&-8 1 - 9 1 
loo I 105 I 

I I 
- II I -12 ! 
m I 100 I 

I 
+s I 
142 I 

I 
+ n I I 

+12 I 
2s1 I 

I Med. Age ..... . &- j 12.1 I 1 
12.II I j I I 

i5o I 

I

I 
1- 1 
8-1 14.o I 14.u I I I 

11.0 I 11.10 I 
I 
I 

15.o I I 
16.9 I 

I 
I 

17.7 I 
I I 

1

1. Rate of change of I 
speed . . I o.o 

I 2 . P icking up of speed I 0.0 

j 3. Speed (or) rate of I 
I s peed . . . . . . I 36.o 

I 4. Power, strength, force I 27.0 

j 5. *Miscellaneous . . . . J 7.0 

j 6. N o response . . . . l 30.0 

I I 

I I 
I I I o.o I o.o 
I 2.s I 2.s 

I I I 38.0 I 42.l 

I 21.9 I 14.1 

I 9.5 l 14.l 

I 21.1 I 21 .1 

I 

I I I 
I I o.o 

I 3.o 

I I 41.o 

I 11.o 

I 11.o 
T 34.o 

I 

I 0.1 I 32.7 

j 7.7 I 6.0 

. , 43.0 

I 20.4 

I 1.0 

I 21.l 

I 

I I 32.0 

T 4.7 

I 17.4 

I 1.a 

I 

I I 35.1 

I 5.4 

I 
i 
I 
I 

as.6 I 
u I 

I 19.1 I 
I u I 
I I 
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*Miscellaneous. 
Grade. 

- (6-8) .. . . It can go better. It is part of the car. It 
has less power but more speed. It means 
its movements. It can turn in a shorter 
distance. It means that its speed can 
change. 

· - (9th) .... It can travel. The distance it goes. It 
means its movement (or) motion. The 
change in its motion (2% ) . The part you 
put your foot on. Its engine is greater. 

- (11-12) . .. Its momentum. Moderation. It means 
maintaining speed. I ts motion. Its relative 
motion. Refers to part of the car. It can 
develop more horse-power. Its efficiency. 

+(9th) .. . . Its momentum. Power to coast. Can 
cover a greater distance. Acceleration 
has to do with its power. Its getaway is 
greater. Can run faster with less power. 
Change in speed. 

+(11, 12) .. The change in speed (14 %, 18 %). The 
way the speed changes. It has more 
power to stop. The rate. The rate of 
change. 
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Table 2. 
(Percentage of responses to questions):-

What do you mean by saying that a thing has ENERGY? 

I I I I I I I 
Grade .... .. .. .. 1-6--8 I - 9 f -ll I -12 I + 9 I + 11 I + 12 

Number . . .. .. .. I 100 l. 105 I rn I 100 l 142 I 1so I 131 

I I. l t h as abilit y o r ca- I I 
I J I I I I I 

l pacity to do work. I I I I ! I I I 
.j Pow~r t o do things I I l I I l i. 
l or work .. .. .. I 5.0 I 14.a I 26.4 I 29.o I s i.1 I 1i.a I 78.6 I 

I 2. It does something I I I I I I I I I I 
It can do some- I I I ! I I 

/ 13.2 I i ~;., ........ I '·' ' 5.8 I 7.0 J 9.2 2.7 I 3.1 I I 
3. It has p-0wer ; force I I l I I I I I 

or strength . . . . I 36.0 I ai.4 1 21.0 I 25.o 1 28.3 I 4.7 I 2.3 I 
4 . It has life. vigor I 16.0 l 9.5 3.5 l 4.0 I 3.5 I 0.0 I 0.0 l 

5. It ca.n move by itself I 6.0 j 3.8 I 1.7 I 3.0 I 1.4 I 0.0 I 0.0 I I 6. *Miscellaneous .. I 9.0 i 8.6 I 12.s I 17.o I 14.1 1 12.0 I 11.4 I 
7. No r esponse .. .. 

1 21.0 l 26.6 I 21.9 I 15.o I xi.a I 9.3 I 4.6 

I I I I I. I I I 
*Miscellaneous. 

Grade. 
-6, 8, 9 .. Heat. Materials to make it work. It is 

healthy. It has ambition. It gives off 
much heat (light). It has ability. It is 
quick. Very willing to work. It is not 
lazy. It bas "pep". Full of action. It 
can do a lot. 

-11, - 12 .. It can move. Heat. Ambition. Heat and 
power in it. It gives off heat and light. 
It is energetic. It can lift. Power to lift 
a force. It has work in it. It is physical. 
( ?) It is more happy to work. It does 
much work. Its power is unlimited. It 
is never still. It can make starch. 

+ 9th .... . . It can do things without aid from machines. 
It has movement. It has heat. Its force 
lifts. Force which moves it around. It 
means it has stored energy. Its horse­
power. Its speed is very great. It does 
too much work. 
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+n, + 12 .. Heat, power to burn. It has working 
material like force. Has a way of work­
ing. It has same latent force. It has 
stored or potential energy. It has horse­
power. The foot pounds it has. Its ability 
or capacity. It is moving. It can ac­
complish things. 

Table 3. 

(Percentage of responses to questions):­

Has wind any Energy? Explain. 

I 

I 
Grade .. .... ... . I 6-8 

Number . . . . . . . . I 100 

I 
Yes . . . . j 70.0 

No ....•..... • . I 17.0 

No choice . . J 13.0 

I REASONS: 

I . 

l l. YES. Becasue 1t can 

run (turn) wind­

mills,. blow trees. 

I 
I 
I 
I 

cause destruction I 
etc. It causes mo- I 
tion . . . . . . . . j 21.0 

1
2. It can be used to do ., 

work. It can be I . 
I hamassed . . . . I LO 

I S. It moves. It is al- j 
1 ways movil!Jr . . . . I 17.0 

. , '- •Jiliscellaneous . . I 8.0 

6. NO. Only living I 
J things have energy I 14.0 

j 41. You cannot get h eat j 
j or light from w ind j 0.0 

7. •lliscellaneous I 1.0 

8. No reason given . . j 38.0 

I 

-9 II - 11 I - 12 I , 9 t + 11 I + 12 

105 I m l 100 I 142 I lso I 131 

l 
n.3 I 76.3 

18.1 I 14.1 

8.6 I 9.6 

I 
I I 40.9 

I 
11' 0.0 

9 .5 

I 9.5 

I I 1.6 

I l 0.0 

I S.8 

I 28.1 

I 

I 
I 
I 
I I 38.4 

I I s.s 

I 
112.s 
I 9.6 

I 1.1 

I I o.8 
I 1.7 

I 26.6 

I 

I 7s.o l 80.9 

l 13.o I 10.6 

i 114.o I s.5 

I I 
I I 
I I 
I I 
t I 
I I 
I I 

1

36.0 I 43.0 

I I I i.o I 9.9 

I r 
1 16.0 t 10.6 

1 10.0 ~ 11.3 

I 7.0 f 2.8 

I I I 2.0 I u 
I i.o I 1.4 

128.0 I 19.7 

I I 

1 94.0 

I 2.0 

I 4.o 

I 
I 

I 
l I 61.s 

t l 19.3 

I %.0 

~ 6 .7 

~ 0 .0 

I 
0.0 

0.0 

1 10.7 

I 

I I 96.2 

I 1.6 

I 2..3 

I 

I 
1 su 

I 
I 12u 
I 
1 u 

1

11.5 I: 
0.0 

I u l 
I 0.0 I lu 



24 Developrnent of PhyS'ics Concepts in H.S. Students. 

Table 4. 

(Percentage frequency of responses to questions ) :­

Has Coal any Energy ? Explain. 

I Grade . . . . . . . . . . \ 6-S jl -9 
1

1 -11 - 12 )I +9 II +11 I +121 

I Number I 100 I 105 f 114 100 I 142 I 150 I 131 I 

I Yes . . . . . . . • . . i 6<.0 r 71.5 1 67.6 65.0 I 81.7 1 94.7 1 96.2 r 
I No . . . . . . . . I 24.0 19.0 I 19.2 15.0 j 11.3 I 2.0 I 2.3 I 
I N o choice . . j 9.0 9.5 I 13.2 20.0 I 7.0 I 3.3 I 1.5 I 

f REASONS: I ! j I I I 
l I I I I I I 
,

1 

1 . YES. It gives heat 

1

, l I 

1

1 I 
which is energy I I 

I (or) It gives heat I I I 
I which makes s team I I I I I 
j w hich drives ma- 1· I I J I 

l 
chines (or) does I j I J 

work I 22 0 46-' I 45.6 I 48.0 I 56.3 I 65.3 i 61.8 I 
I 

2
. I t u:a•i>~:r~:r:~~:~ I . I I l I I I . 

I has potential energy I 1.0 0.0 I 2.6 I 4.0 I 16.2 I 27.3 I 33.6 I 
I 3. It burns . . . . . . I 31.0 18.1 J 11.4 J 8.0 j 6.3 J 2.0 I 0.0 I 
I 4. •Miscellaneous . . . . j 1.0 3.8 I 2.6 I 3.0 I U JI 0 .0 I 0.0 I 

j 5. N O. It cannot move I 1, ".S ll 
j t h ings like wind I 4.0 2.9 u J 3.0 j 2.1 I 0.0 J 0.0 

I 6. It does n o w ork . . j 0.0 0.0 I 0.0 0.0 j 1.4 l 1.3 I 0 .8 

I 7. Only living things I I I i I I 

I 
have energy . . I 16.0 6. 7 II 6.2 II 8.0 j 2.8 I 0.0 j 0.0 

8. Miscellaneous . . . . J 0.0 2.9 1.7 1.0 I 0.7 J 0.0 I 0.8 

I 9. No reason . . J 25.0 18.9 I 24.6 . J 25.0 ·12.8 I 4.0 J 3.0 

I I I I I I I 
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Table 5. 
(Percentage frequency of responses to questions ) :­

There is more evaporation on some days than on others. 
Tell what evaporation means. 

I 
Grade . . . . . . . . . . j 
Number .. . .... • I 

I 
1. L iquid changing to j 

gas or \·avor. \\7a- 1,. 
ter changing to i 

i 
6-s I 

loo I 
-9 1, - 11 !l -12 

1
1 +9 

1
1 +11 -'- 121 

105 
1 

114 
1 

100 r 142 
1 

150 
1 

13 1 1 

I I I I I 
I I I I I 
I I I I I 
I l I I I 

j 
vapor or steam .. 

2. Dryinir up of water 

I u.o I 18.1 

33.0 I l~.O 

I 35.l ! 3~ .0 : 40.1 l 80.0 I 84.0 I 
i 14.1 I 16.0 I 17.6 I 5.~ I 3.1 I 

I I I I ! I -
I 33.3 i 24.6 I 19.0 r4.l I ~.7 I 4.6 I 
I I I i 

I 
3. Draw ing up of water 

b th I ·-~•.o y e sun . . . . u 

J moisture taken up I 
: 33.3 I 24.6 1 l !>.o j 1u I 4.i 4.6 I j by t he sun . . j 28.0 

I 17.2 i 14.1 I 16.0 I 21.8 I 6.0 5.2 I 
12.4 I 12.1 1 LO I 6.3 4.0 3.1 I I ~- *Miscellaneous . . j 21.0 

a. No reponse j 9.0 

I I I 

*Miscellaneous. 
Grade. 

(- 6, -9) . . Gas goes off into the air. Drawing up of 
moisture. Going forth of water. Heat 
dries moisture in air. Taking up moisture 
by air. Water gives off moisture. Rays 
of sun take up moisture. Process of vapor­
izing. Heat takes water out of a substance . . 
izing. Heat takes water out of a substance. 
air. Process of becoming steam. 

(- 11, - 12) When water evaporates. Changing of 
moisture from vapor to air. Moisture in 
air condenses. The going out of a flame -
or fire. Steam escaping. When water 
changes to air. When vapor dries up. 
When hot air comes in contact with some­
thing cold then it evaporates. Absorption 
of water by sun. Sweat. Boiling. Oxygen · 
and air going off . When a thing di8-
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appears. When vapor in air chanieS. to 
water. When hot air evaporates. 

( +9) .... The carrying of water to the clouds by the 
sun where it is stored. Sweat . To melt. 

,What makes things disappear in the air . 
Amount of moisture combining with the 
air. Evaporation means to evaporate a 
thing. Water turning into air. Water or 
moisture on a ' winder ' and by absorption 
it evaporates. Amount of water absorbed 
by air. A kind of vapor, moisture in air 
sucks vapor up. 

•·( + 11, +12) .. Vapor changing into air. Absorption. 
Drying up of anything by light. Disappear­
ing of a substance. The velocity of the 
molecules become so great that they jump 
off int" the air. Condensation. Vibration 

- of air. 

Table 6. 
(Percentage frequency of responses to questions) :­

The condensation of vapor is a common t hing. 

Tell what condensation means. 

I I I l I I I 
+i2 I I Grade . . .. .. .. . . s-s I - 9 I - 11 j -12 1 +9 I +u I 

_l Number .. .. . . loo I 105 I 114 I 100 I 142 I 150 I ls1 I 

I . I I I I I I I j 1. Changing of vapor I I I I I 
J 

to liquid or steam I I l I I 
I to water (or) gas I I I I I 
I to liquid . . . . .. 4.0 15.2 I 38.4 I 34.o I 41.5 I 1s.o I 86.5 

I 2. To condense wa ter. I I I I I 
I to water , to vapor 16.0 7.6 I 3.5 ., 5.0 I 5.6 I 0.0 I 0.8 

I 3. Changing of liquid I I I I I 

1 
t o vapor , (or) wa- I I I I I I 
ter to vapor, steam. I j I I I 

I (or) evaporation I 31.o 18.l . , 14.1 1 1s.o 1 1s.2 I 4.7 I s.o 
I 4. •Miscellaneous I 13.o 33.3 I 21.0 I 19.o I 1s .3 I 12.0 I 6.1 

I s. No a nswer I 36.o 25.8 I 2s.o I 26.0 1 18.3 I 5.S I 4.6 

I l I I I I I 

• 
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. *Miscellaneous. 
Grade. 

~-6, -8) . . Heaviness. Water turning into air. Rising 
of vapor. Vapor. Making volume smaller. 
Mixing of vapors. Escaping of vapor. The 
force of steam. Clouds of vapor. 

(-9) .... Humidity. Mixing of gases. 
vapor to air. Compressing. 
of steam. Coming together 
Evaporation of vapor to air. 
clouds in air. (8.8% ) 

Changing of 
Evaporation 

of vapor. 
Forming of 

~(-11, -12) Superheated water vapor. Changing of 
vapor into air. Coming down of vapor. 
The falling of moisture. Moisture collect­
ing in the clouds. Thickening of vapors. 
The humidity. Changing of moisture from 
vapor to air. The forming of fog. The 
!disappearing of vapor. The compressing 
of a vapor is condensation. 

· ( + 9) ... . Changing of air to water. Water changed 
to heat. Mixing of vapor. Storing of 
vapor. Drying of vapor. Evaporation of 
vapor. Liquid in form of vapor changed 
to solid. Vapor turned to cold. Storing 
in clouds. Changing of vapor in form. 
Cloud breaking into air. Vapor in an­
other form. Vapor changed to air. Col­
lecting of drops of moisture. 

·!( + 11, + 12) Vapor changing to air. Collecting of 
vapor. Vapor changing into another form. 
Gathering of moisture to form clouds. 
(Majority of miscellaneaus responses of 
this type). Collecting of drops of water. 
The decreasing of volume by compression. 



28 D evelopment of Physics Concepts i1t rf.S. Students. 

Table 7. 

(Percentage frequency of responses to questions) :-
The Specific Heat of Glass is .2. Tell what this means. 

i 
I I I I I I I I 

Grade .. .. .. .. .. 1- s-s 1 -9 i - 11 I - 12 1 +9 I + a I + 12 ! 
I 

Number .. .. . . .. I loo I 105 I 114 I loo I az I 150 I 131 I 
-

I I I 
. 

I I I I I I 
· 1 I I. .2 calories needed I I I I I I I 

I to heat 1 gram 

I I I I i I I I· 
I glass loc . . .. 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 29.a I 9- - I -'·" 
12. 

Glass required on ly I I I I I I I I 
.2 as much heat as I I I I I I I 

I water to heat it I 0.0 0.8 I 0.0 1.0 I 0.7 I 20.0 I 12.2 I I I 3. .2 calories required I I 

I I I I I 
I to raise the tem- J I I I I I 
I perature of glass i I I I I I 
I l OC .. .. .. .. I 0.0 0.0 i 0.0 l 0.0 I 0.0 7.3 I 9.9 I I 4. Glass heats up more I I I I I I 
I easily than water I 0.0 0.8 I 2.6 I 3.0 l 1.4 1.3 I 0.8 I I s. Its heat it .2, (or) I I I i I I I 

i I It is .2 hot (or) I I ' I I I 
I its temperature is .2 j 14.0 12.4 I 9.6 I 16.o I 14.1 2.7 I 2.3 I I 6. Amount of heat to I I I i I ,. 
I 

'1"elt it (or) the I I I I I I I 
temperature at I I I I I I I 

I which it m elt s I I I I I I I I 

I (or) amount of I I I ! I I 

I heat it can stand I I I I I I I 
before melting .. 9.0 6.7 I 13.2 I 8.0 I. 13.4 I 5.3 I 4.6 I I 7. Heat it will s tand I I I I I I 
before cracking . . 7.0 i 3.8 I 2.6 3.0 I 2.4 I .7 I 0.0 

I I s. *Mis cellanecus 12.0 I 8.6 I ls.2 I 11.0 i 24.6 I 21.a I 26.7 

I s. N o answe r .. . . 58.0 I 66.9 I ss.8 ! 58.0 I 44.4 I is.o I 16.o I 
I I I ! I I I 
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*Miscellaneous. 
Grade. 

(- 6, -8) .. The heat it throws. A special kind of heat. 
Temperature while it is being manufact­
tured. So hot you can't stand it .. 2 grams. 
It is .2 of 100. Heat at which glass is 
boiled. 

{-9, -12) .. It is so much hotter than a certain sub­
stance. Heat at time of r eading. There 
can be no more heat in it . The moderate 
amount of heat is .2. The percent. of 
heat in it. The heat can get no greater 
t han .2. It evaporates it s artifical heat. 
The tempering point. The glass stays 
cool. Glass has to be heated up to 98 
(100-2). The required heat is .2, 200 
degrees of heat. How hot it really is and 
not how hot it feels. Glass will dissolve 
at .2. 2 units. Temperature is 2.2 of a 
calorie. 

{+ 9th) . . .2 of a 100 warmth. Highest temperature 
of glass. Temperature of the heat given 
from the glass. It is a poor conductor of 
heat. Intensity of glass heat. Not a whole 
degree, only .2. H eat in glass above heat 
in air. Warm or cold according to atmos­
phere. .2 of the boiling point. It can 
stand .2 of the boiling point. It i s .2 
Fahrenheit. Specify it by heat .2. 

<( +n, + 12) Physics. Weight of glass compared to 
equal volume of water is .2. Mass divided 
by volume is .2. A ratio of 2 compared to 
same volume of water. Glass capable of 
generating .2 as much h eat as other sub­
stances. Glass is .2 of the heat of boiling 
·of barometer. It is .2 on barometer. 
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Heating process is .2. Ratio of mixture of 
a substance and heat required to change it. 
No. of BTU required to heat is. Specific 
Heat is density 2 grams per cu. cm. heavier -· 
than an equal volume of water. Gives off 
2oc of heat when cooling 1°C. It is .2 in 
relation to air. Average heat is .2. No. 
of calories given off by glass. Amount of 
heat retained. Weight in air divided by 
weight in water. Glass expands .2 for 
every increase of 1°C. .2 as much as. 
water. .2 hotter temperature before and • 
after heating. Number of calories to raise 
1 gram of glass without change of temper­
ature. .2 as much for glass as for water. 
Number of calories to give up the .2 or 
heat it has. .2 the specific heat of water_ 
.2 calories to heat it. .2 for 1 gram IC. 
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Table 8. 

(Percentage frequency of responses to questions) :-

How does DEW get on the grass? 

I I I I I I I I I 

I 
Grade .. .. .. . . .. j s- s I -9 I -11 i -12 1 +s I + 11 I +121 
Number .. .. . . .. I 100 I 105 I m I 100 172 I 165 I 140 I 

I I I I I I I l 
\ I i. It falls from the I I I I I I I 

I clouds at night I I I I J I I I 

I 
(or) early morn- I I I I I I I 
ing .. .. .. .. i 28.0 I 19.o I 16.7 I 17.o I 15.9 6.1 I 4.3 I 

j 2. Moisture or mist I I I T I I I I 
I falls on grass at I I I I l I I I 
I night .. .. .. .. I 9.0 I 9.5 I 7.1 I 6.0 1 13.5 I 12.1 I 11.4 I I 3. Clouds descend on t o I I I I I I I I grass wetting them I 3.0 5.S I 4.4 I 2.0 I 1.8 I 0.0 I 0.0 I I 4. Moisture is so heavy I I I I I I I 
I that it stays near I I I I I I I. 
I the ground and it I 

I 
I I I i I 

I drops .. .. .. I 0.0 2.9 1.7 I 1.0 I 3.5 I 1.2 I 1.4 I I 5. Dampness or moist- I I I I I I 
I ure in air gets on j I I I I I I 
I grass at night i 8.0 11.4 I s.s I 9.0 I 7.1 I 1.2 I 1.4 I I 

I 6. Dampness or moist- I I I I I I i 
I ure con1itig out of I I I I .I I I 
I ground at night I 11.o 9.5 I 4.2 I 7.0 I 2.4 I S.6 I 2.8 I I 7. Moisture in the air I I I I I I I I 

is cooled and goes I I I I I I I 
to the vass .. .. I 0.0 i 2.9 I 12.a I lo.o I 4.1 I 1.2 I 0.0 I 

8. After sunset grass I I I I I I I I 
cools belcw tem- I i I I I I I 
perature of air and I I I I ! I I 
condenses moisture i I I I I I I 
in air on it .. I 0.0 I .9 I 4.4 I 6.0 I 14.7 I 29.7 31.4 I 

9. Same as above e.""<- I I I I I I I 
cept ''c-rass is I I I I I I I 
warmer than air." I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 2.4 2.8 I 

10. Dew is f ormed by I I I I I I I 
the condensation of j I I i J 

-I· 18.8 
I 

moisture or "·apor I 0.0 I .9 I 1.7 I 3.0 I 11.8 16.4 I I 

I u . lliliscellaneous .. I 23.0 1 19.0 i 17.6 I 16.o I 13.s I lo.a 16.7 I I 12. No answer .. .. I 1s.o I 18.1 l 21.1 I 23.o I 11.8 I 13.a 12.1 I 
I I I I I I I 
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*Miscellaneous. 
Grade. 

(-6--8) It gets on the grass in t he early morning 
before sunr ise. It comes up a mist or fog. 
It is t he moisture which the sun drew up . 
Befor e sunrise it is very cold so dew gets 
on the grass. Because in the morning the 
air is very damp. It is damper on the 
grass tl:an indoors. The wind brings it. 
By evaporation. (A large number de­
scribed dew without explaining how it got 
on the grass.) 

c(-9) .... During the daytime the sun evaporates 
t he water, but the sun has to be there to 
hold the vapor, so when it sets, the vapor 
changes to water. Oxygen in air at night 
is refreshed by pure · oxygen in mor ning 
causing a moisture which spreads among 
the flowers. Carbon dioxide and water 
are given off by the grass at night . "\Vhen 
the sun rises in t he morning the vapor in 
the air condenses. During the night the 
vapor from the clouds and the chill of 
night meet. By the heat of the air. The 
air is full of water in the early morning. 
Moisture in the air connecting with vapor. 
Transpiration of t r ees causing dew t o fall 
on the grass. Sun condenses the water in 
the ground to dew in the early morning. 
I t comes from mist, if there is no mist 
there will be no dew. 

•:(-11, -12) Hot air of the day coming in contact with 
the cold air of night. A low cloud rests 
t her e and melts like. The cool air collects 
moisture at night. Dew is nothing but fog. 
Particles of dust gather moisture until it is 
heavy and gets on the grass. Gets to the 
grass by means of vapor. Every day after 
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(Table 8-Continued.) 

sunset moisture from air settles on the 
ground. When the air condenses. Heat of 
ground coming to a chilly air. Contracting 
of heat and cold. Coolness of the night 
extracting moisture from earth. At night 
plants give off lots of water vapor. When 
a heavy fog rolls over the grass it leaves 
moisture behind it. It would get on every­
thing but it is damper outside. The· sun 
holds the moisture in the air, so when the 
sun is not there the moisture will drop out. 

· ~+9th) . . Gets to the ground by air travelling. 
Moisture colects on dust particles, then 
settles. It gets on the grass because it 
can't get anywhere else. Objects on earth 
attract dew. By evaporation after a fog. 
When it gets cooler (colder) and cooler un­
til it seems as if there was going to be a 
frost. It refreshes the grass until it be­
comes moist. When the air gets its dew­
point. Because the air is saturated. By 
the depositing of moisture. Because grass 
is colder than air at night. 

•( + 11, + 12) When sun's heat goes moisture from air 
appears. Warm air striking cold air falls 
as dew. Quick change of warm and cold 
air coming together. Forms when air is 
at a certain temperature. Hot air at the 
surface uniting with cool air above. 
Moisture of air in contact with moistur e 
of earth. The cold grass causes the air to 
become saturated. Because of the temper­
ature of the atmosphere. Gravitity draws 
it to the ground. Because it is at the 
dewpoint. 
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Table 9. 

(Percentage frequency of responses to questions):­

Tell how a RAINBOW gets into the sky. 

I Grade .... 

j Number .. 

I I 
I s-8 I 
I ioo I 

I ! 
- 9 I - 11 i 
105 I 114 I 

I 
-12 I 

loo I 
I 

, 9 I 
170 I 

I 
+11 I 
165 I 

+ 12 \ 

140 I 

,11. A sola.r spectrUlll II I 
l caused by d ispers· I j 

io:i c f sunlight by I I I raindrops . . . . . . 

1

, 0.0 II 

I 2. R efraction of sun-

1 light in r aindr ops I 0.0 j 
I 3. Sunlight is broken up I I 
I into colors by drops I 0.0 j 

I 4 . Refraction and dis- 1 
i I persion of light by I j 

I drops . . . . . . . . I 0.0 j 
j 5. R~fraction, dispersion I I 
I and total interna l I I 
I reflection c f light I I 
I by raindrops . . . . j 0.0 I 
I G. Reflection of sunlight j I 

t 
I 
I 

o.o I .8 

I 
0.0 j 0.0 

I 
2.9 I 2.s 

I 
I 

o.o I o.o 

I 
I 
I 

I 
o.o I o.o 

I I on air, mist, \·apor j 14.0 j 16.2 I 24.6 

j 7. The sun shines on I [ 
j t~e rain gi\;ng I I 
I the colors . . . . . . 39.0 I 35.2 

I 8. $Miscellaneous . . . . j 21.0 I 19 .0 

19. No at tempt 1 26.0 126.7 

I 
I I 16.1 

i 24.6 

I ao.1 

I 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

l 
o.o I 1.1 

I 
3.0 I 18.8 

i 
4.o I 19.4 

j 

I 
I 
I 
I I lS. 

I I 2s.1 

I 
I 
I 
I 
I 2j).O 

I I 22.1 

I I 
I 
I 

u 110.0 

I 
I 
I 
I 
I 

I 
t 

.l I i.o 
I 

.s I 
9.3 ' 

I 
s.s I 

J 

I I o.o 

I i 28.0 

l 
I I 11.l' 

I 24.o 

I 29.o 

I 

I 
I 

I 
I 
I 

0.0 I 0.0 I 2.1 

i 23.5 

I 
\ 3.5 

I 14.7 

I 12.4 

I 

1 16.4 ! 13.6 

I I 
I I I a.o I 2.1 

I 9.1 I 12.1 

I s.1 I s.s 

I I 

I 
I. 
I 
I 
I 
I 
I 
I 

I 
I 

*Miscellaneous. 
Grade. 

(-6, -8) .. A coloring in the sky. Sun shines on 
rivers and rainbow goes up into sky. All 
the color of the sky joined together. Re­
flection of water draws the colors to- . 
gether. The sun shines on a cloud. The 
clouds still has some dew and they are 
filling and the sun comes out and that is a 
rainbow. Gets into the sky by the rain . A . 
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(Table 9.-Continued.) 
colored ribbon. A sort of r eflection of 
clouds. The rays of sun on clouds­
Moisture that when light and heat of sun 
shines OJl it is turned into many colors. 
The sparklmg of raindrops. When sun's 
rays and water an d air mix. A lot of 
complementary colors. Tl:e striking of 
moisture in the an-. Sun shining through 
vapor like a prism. Reflection of sun on 
the clouds (2). Reflection of sun back 
into the sky from the earth. Reflec:tion of 
t he sun into water and back into the sky. 
Water made up of colors. Dew which the 
sun makes. Appears wl:en the sun is hot. 
Reflection of different colors. Sun's rays 
shine on the water and cause color in the 
evaporation. An illusion caused by the 
sun. shining on mist. Rays of the sun 
shining on rising vapor. Sun shines on 
clouds t hat have been \vet by rain. LigM 
produced by electricity and the sun. 
Electricity draws the r aindrops into the 
sky after a thunderstorm Sun reflects 
colors from rain mixed with particles of 
carbon from smoke. Rain falling in front 
of colors of sun. No one knows because it 
has no substance. Sun'~ rays blending 
into mist. 

(-9) ... . Dampness shone upon. Sun t hrows light 
over clouds which give the appearance of 
colors. Sort of kollidscope ( ??) . The 
slanting rays of the sun cause rain to· 
change colors. Reflection on wet vapor. 
Sun's raYs forming a spectral band. Dew 
gathers in the sky after r ain. Sun makes 
t he colors. Caused by wetness over the 
sun. Moisture throws the slanting rays 
of sun on sky. Reflection of sun against 
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(Table 9.-Continued). 

the sky. The sun casting rays. Sun crosses 
the rain. Sun is so bright after rain that 
it forms a rainbow . . It always is t here, 
only after rain the sun's rays strike some­
thing and bring out certain colors. It is 
a reflection of one half of the earth. A 
vapor of dust. It is caused by t he sun and 
the colors of the clouds. 

( -11) .. .. Formed by clashing or rain and sun. Sun 
striking different objects in the sky. A 
mirage, it does not 'get up into the sky'. 
Work of the sun on the water. Reflection 
of sun in rivers, lakes etc., and the colors 
r eflect back int o the sky. Vapor evaporates 
when sun shines on rain, as vapors rise 
on wet clouds or on anything that is wet. 
Sun reflects on object s and we see them 
in the sky. (2) Caused by the sun coming 
in contact with spectral raindrops. A re­
flection from the earth. 

( - 12) . . .. Formed by dust particles in the air. 
Formed the same way as when light shines 
on glass. Drops of water absorb all colors 
and then send them to the eye. F ormed 
only when sun shines on those drops that 
have prism shapes. Reflection of sun in direct 
line. Reflection of lightning from raindrops. 
Meeting of moisture and rays of sun. Formed 
by different vapors in the sky. A kind of 
ray in the sky causes it. Reflection of 
the sun back to the sky. Reflection of sun 
on moist clouds. Sun makes the colors by 
a peculiar process. It is nothing but the 
r eflection of colors against t he sky. Colors 
of sunlight become visible against the sky. 
Colors of sunlight become visible only 
when sun is in the East or West after rain. -
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(Table 9.-Continued) . 

( + 9) . ... When the sun hits these drops (rain) they­
sort of run into one another and we see a. 
rainbow. It is sunlight reflecting on dew 
drops. Sun bhining on rain and particles. 
of dirt and this reflects back to the eye_ 
Sun casting rays on sky while rain falls. 
Sun shining on vapor from the earth. Re­
flection from sun from clouds. Reflection 
of light from moist air. Sunlight in 
contact with damp air. Dispersing of 
raindrops in clouds. Reflection of part of 
sunlight in sky. 

( +n, + 12) Light shining through clouds. Occurs 
only when sunlight is sifted through rain. 
Falling water acts as a great mirror the 
upper surface of the sun is reflected; the 
rainbow is the upper portion of the sun 
and the colors are given off. Collecting of 
rays of light in moisture in the air. Series 
of rays of light due to rain becomming 
mixed with rays by rain. Deviation of 
sunlight. Caused by multiple reflection 
in drops. It comes after a n :.in beginning 
with r ed real strong and ending with 
violet very weak. Reflection of sun on 
clouds. Dispertion and diffraction causes 
·different colors. Refracted according to 
wave lengths. Sun shines on a bank of 
clouds. Caused by the dispertion and 
colors in all directions. Reflecting back 
and forth of sunlight in raindrops .. 

(*) Some classified as miscellaneous are correct. 
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ANALYSIS OF RESULTS. 

ACCELERATION (Table 1). Acceleration is thought 
of as the "rate of change in speed" by about a third of 
Physics students, by only one General Science pupil and 
by no pupil who has not studied science. The vague 
" picking up of speed" notion is held by a few non­
science and science students. The r est of the responses 
are largely erroneous. The notion of acceleration as 
"speed" is the outstanding erroneous notion in all groups, 
and, although it is found to a lesser extent in the Physics 
groups, it still occurs to an extent which is very signifi­
cant. 

Of the miscellaneous responses, those of the non­
science students are erroneous, whereas the majority of 
"Physics" responses are vague rather than erroneo~s-
14 % and 18 % of the two Physics groups think of 
accelleration simply as change in speed. This notion cer­
tainly is not scientific, for the important element of time 
-Or rate is not involved. 

Were the question of meaning only involved, "pick 
up of speed" would probably be taken as correct; but, as 
.a scientific concept, it is too vague for further use in the 
study of Mechanics. It is practically equivalent to the 

"''change in speed" notion, the latter not being so crude. 
On this basis response No. 1 in Table I would repre­

sent the extent to which the concept Acceleration is 
scientific in each grade; response No. 2, together with 
"''change in speed", would be classified as vague, and the 
rest as erroneous. The extent to which these scientific, 
vague and erroneous notions occur in each of the 9th and 
12th gades, for example, is shown by the following per 
-cents: 

Grades 

Scientific 
Vague 
Erroneous 

-9 

0 
7.7 

64.6 

0.8 
9.2 

70.4 

-12 

0 
3.0 

63.0 

1· 

I 
35.2 I 
24.6 I 
36.2 T 

I 
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The conclusions, as far as this question shows, are 
il) The concept acceleration does become scientific in 

. ·the Physics grades in about a third of the stu!lents exam­
ined. (2) The majority of · non-science and General 
,Science students examined have erroneous notions of 

-acce.leration, the most common being " speed" and 
"power". (3) The most common erroneous notion of the 
non-science and General Science groups viz. "speed" is al­
so mosti prevalent in the Physics groups. ( 4) Whatever 
differences exist between the - 9 and + 9 grades ~re 
statistically insignificant, whereas the reverse is the 

.case with the - 12 and + 12 grades. 

ENERGY (Tables 2, 3 & 4). 

Energy is thought of as capacity, ability or power 
·to do work or to do things by a significant percent of 
even non-science pupils and in the two Physics groups 
by over 70% of pupils. Taking the responses to this 
-question only into consideration, there can be no doubt of 
the efficacy of Physics and to a lesser extent of General 
.Science 

The next two questions are easy examples of Kinetic 
and Potential energy respectively. If in Table 3 reasons 
I, 2 & 3, and in Table 4 reasons 1 & 2 be taken as 
adequate, then in each grade the percents would be:-

I I I Grades -6--8 - 9 -11 -12 + 9 + :u + 12 

I I 
I Wind has I ., energy 70 72 76 73 81 94 96 r 
I Reasons 11 

~ 1, 2, 3, 39 50 54 52 64 83 91 I 
I CQal has I 
I energy 67 71 68 65 82 95 96 I 
I Reasons I 
I 1 & 2 23 47 48 52 73 93 95 I 
I I 



40 Developrnent of Phys'ics Concepts in H.S. Students~ 

Taking into account only those responses accom­
panied by an adequate reason, t he science again excel the 
corresponding non-science groups, although a very 
significant number of the latter have reasonably scientific 
notions of energy. 

A common erroneous notion in the - 8th grade is. 
that only living things have energy; the frequency of this 
notion however, decreases through the grades and disap­
pears altogether in the two Physics groups. The vague­
notions of energy as "force, strength, vigor," which 
abound in the non-science and General Science groups,. 
are very uncomm_on in the P hysics groups. 

The results of these three questions lead the writer 
to conclude that pre-science students have na1ve notions 
of energy and that these are well suited as a foundation 
on which to build scientific concepts. These notions are 
predominantly vague rather than erroneous, as in the 
case of Acceleration; the notion that oajy living things 
have energy being about the only common erroneous 
notion . The study of General Science and Physics cer­
tainly shows its effects; the concept being scientific to­
the large majority of Physics and to the majority of 
General Science students. Not only do a significantly 
larger per cent associate energy with " capacity for 
work," but Kinetic Energy, and more particularly Po-­
t ential Energy, are more significant to these students. 

EVAPORATION (Table 5). 
A survey of the table will show that most childrent 

are familiar with evaporation; those who do not give 
scientific responses give vague and naive ones, but er-­
roneous notions are not so common. 

The majority of non-science students think of evapora-­
tion as the "drying up of water", "the drawing up or 
water by the sun, or sun's rays" or ''taking up. 
of water by the air." Such notions are evidently pro-­
ducts of everyday experience and are excellent examples of­
na1ve concepts. Sun and water are the two strongeSt. 
assocations with evaporation. 
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'The effect of General Science and Physics is seen by -
comparing the frequency of such notions in the - 9, - 11 
& -12th grades with that in the corresponding science -­
grades. In the Physics grades the majority hold that 
evaporation is a change of state fron liquid to vapor,, 
whereas in the corresponding non-science grades less than 
:40% have that notion. In the two 9th grades the per-
> 
cents are 40 and 19 respectively. The "drawing of water-
by the sun " may also be ta~en as a partly erroneous 
notion. In the -&-8th grades a large number of pupils 
stated that "You can see t he sun's rays drawing the -
water up from the sea " or " You can see the water going 
up into the sky or to the sun." Subsequent individual 
examination of pupils by the writer disclosed the fact 
the majority of students giving this type of response 
think of the SUI} as having a certain attractive force or 
power for drawing the water up into the clouds, sky or 
air. Such notions of evaporation are too vague for 
further study and resemble notions of " suction " for air -
pressure or "pick up" for acceleration. 

Outright erroneous notions are not so common ; -
vague ones are abundant. In all groups, including the 
Physics, the notion of "vapor or water changing to air" · 
occurs. Literally, the notion is wrong; it may, however, 
be a case of bad expression when the pupil merely had 
in mind "water changing and going into the air." This 
and similar notions, however, are here taken as erroneous. 

Conclusion: (1) Students before studying General 
Science and Physics have very naive notions of evapora­
tion, their concepts are, in the majority, vague rather 
than erroneous. 

(2) The study of General Science and Physics shows 
its effects; the vague notions persist, they are held 
by over 30% of General Science and about 11 % of Physics-­
students, but the extent to which they occur in the cor­
responding non-science groups is significantly higher. 

CONDENSATION (Table 6). 
'The -results on Condensation differ from those on 

evaporation ii;i this respect, that erroneous notions a r e -
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. more common. Everyday experiences of condensation are 
not as common as with evaporation, where the child sees 
"water drying up ., and " water being drawn up by the 
sun's rays." The formation of fog, mist, rain and dew, 
of course, are very common phenomena, but are evidently 
not associated with condensation. 

The outstanding misconc.eption is that condensation 
is equivalent to evaporation, the changing of water to 
steam or vapor or simply the changing of a liquid to a 
vapor. Almost as many +9th as - 9th grade pupils have 
this notion, whereas in the Physics groups it is found in 
only . about 4% of cases. Many notions invqlve some 
~spect of cloud formation; thus 9% of General Science 
students stated that condensation was the forming of 
clouds in the air. Such notions certainly are not wrong, 
nevertheless they are vague and are so classified. 

Conclusion: The extent to which the concept be­
comes scientific is about the same as in the case of 
evaporation. The majori~y of pre-science pupils have 

·erroneous notions, whereas in the case of evaporation the 
majority of notions were vague. Confusion of condensa­
tion with evaporation is the most common misconception 
in the pre-science and General Science groups. 

SPECIFIC HEAT (Table 7). 

The concept Specific Heat differs from the others 
·discussed in this chapter in that it is a very technical one. 
E::<i..-periences are not met with in everyday life that offer 
the pupil occasion to form tl:is concept, or rather when 
the experiences are offered, the " specific heat " element 
in the total situation may not be abstracted. Thus many 
children probably are familiar with the fact that the 
water in a lake after sunset is warm relative to the 
ground, but may be ignorant about specific heat. The 
concept was examined, however, for this very reason. 

From the results it appears that the percent of non­
.science students who hold a notion, even a vague notion, 
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is negligible. The General Science pupils, for that matter , 
can be grouped with the non-science students. If we 
take, in Table 7, responses 1 & 2 as scientific; 3, 4 and 
certain miscellaneous ones as vague and the remainder 

. as wrong, then the table in condensed form would be: 

°Grade 

Scientific 
Vague 

-8 -9 -11 -12 + 9 + n + 12 

0 0.8 
0 0.8 

0 1.0 
2.6 3.0 

0.8 40.0 39.2 
1.7 14.9 16.0 

From this it would appear: 

<(1) That the concept Specific Heat is not scientific in 
pre-science groups. Even vague notions do not occur 
to any significant extent. 

·i(2) The study of Physics clearly shows its effect-the 
concept being scientific to about 40% of pupils. 

DEW FORMATION (Table 8). 

The response occuring most often in the non-science 
:groups is that dew falls from the clouds at night. This 
misconception persists right through to t he 12th Physics 
grade. The surprising thing is that about 16% of General 

. Science students hold this notion. The second response 
in Table 8 is an anomoly-the percentage of Gen. Science 
students giving it being greater than that of the non­
~ience. Whether it be an erroneous or only a vague 
noticn, its frequency increases aft-er the study of science. 

Response No. 6 is an erroneous one found in all 
_grades ; 11 % of - 6 - 8th graders think that dew comes 
out of t he ground. If we assume that No. 8 represents a 
scientific concept; No. 5, 7, 9, 11 and certain miscellan­
~us ones to be vague and No. 1, 2, 3, 4 and 6 to be 
~rroneous notions, then, together with the miscellaneous 
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responses, the percentage of pupils having each type of · 
notion will be as follows:-

Grade -6-8 -9 -11 -12 + 9 + 11 +12 
I 
! 

Scientific 0 1 4 6 15 31 32 ~ 
Vague 23 25 30 29 31 28 29 I 
Erroneous 59 56 45 42 42 27 27 I 

I 
The judgment of the writer, of course, is involved in. 

deciding whether a response is vague or erroneous. The 
various miscellaneous responses were so classified, how­
ever, Without knowledge of the grade or type (non-. 
science, General Science or Physics) of students making·· 
the responses. 

Whatever error in judgment was made, therefore, .. 
holds for all grades and types of students. If it is held, 
for example, that such a response as " Dew is formed by 
the condensation of moisture or vapor " is correct and . 
represents a scientific notion, which the writer has 
classed as vague, then those percentages must be added 
to the " scient ific " and substracted from the " vague " 
notions. 

Conclusions : (1) Non-science students, on the 
whole, have no scientific notion of dew formation. Their 
notions are mostly erroneous; t hat dew falls from clouds 
or comes out of the ground-these two notions are held 
by as many as 39 % of -6-8th graders and by 
24% of -12th graders. 

(2) Altl:ough 15% of General Science students . 
have a scientific notion of dew formation, 42% still hold 
wrong notions--16% still think that dew falls from 
clouds. 

(3) About 31 % and 32 % -0f + 11th and _ 
+ 12th grade Physics pupils have scientific notions of 
dew formation. The number of erroneous notions is less . 
than in the General Science group and the corresponding:: 
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· non-science grades, except for the notion that " Dew is 
moisture or mist that falls on the grass at night." 

RAINBOW (Table 9). 

A glance at the table will show two corners in which 
-the percents are concentrated. The first five types of 
responses are given largely by General Science and Phy­
sics students; the last four, including miscellaneous and 
no response, are given mostly by non-science students. 

The majority of non-science pupils are familiar with 
· the fact that the rainbow is ·caused by some interaction of 
sunlight and rain, but do not know what the process is. 
Not a single pupil of grades - 6-8 seems to be able to 
explain the colors; these pupils are either content to state 

· that the sun shines or reflects on the rain or raindrops or 
off er erroneous explanations. 

A large number of science students are content to 
say that the rainbow is caused by the Refraction of sun­
light in the raindrops. Although dispersion or the break­
ing up of white light into colors is caused by refraction, 
mere r efraction of light it itself will not always give rise 
ro colors. This notion will therefore be regarded as a 
vague one. 

The range of miscellaneous responses is large, these 
are all extremely vague and erroneous. In many cases no 
attempt is made to account for the phenomenon, it is 
simply described or mention is made of the necessary 

·!factors as rain, sun, mist etc. There is no erroneous 
notion among the miscellaneous ones that occurs or per­
sists to a significant extent and which could, therefore, 
be classified separately. They are important, however, in 
that they show the wide range of notions children have of 
so common a phenomenon as the Rainbow. 

If, in Table 9, notions Nos. 1, 3, 4 & 5 are taken to 
:be scientific, then the following percents would show the 
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extent to which the notions of rainbow are scientific in 
the various grades:-

Grade -6-8 -9 -11 -12 + 9 + 11 + 12 

Scientific 0.0 2.9 3.4 5.0 27.1 36.4 41.4 

If we consider Response No. 2 in table 9 as scientific 
(i.e. refraction of light), then the percentage would be: 

0.0 2.9 3 .4 8.0 45.3 62.5 63.5 . 

Conclusions: 
(1) The majority of non-science students l:ave 

extremely vague and erroneous notion:, of a Rainbow. 
There is no particular type of erroneous notion occuring 
and persisting to a significant extent, the majority of 
notions being remotely vague. 

(2) The study of General Science and Physics shows 
its effect, although concepts of rainbow are not scienti- . 
fie in the majority of students. Most of these students 
have changed their old notions, but some of the new 
notions are too vague to be considered as scientific, for­
example t he notions that the rainbow is caused by the 
r efraction or the reflection of sunlight in raindrops. 
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CHAPTER V. 

CONCEPTS OF HEAT. 

~The concept next examined was that of Heat. In . 
the General Science or Physics course offered in schools 
«me branch studied is Heat, and it is the practice in most 
schools to teach the subject of Heat after Mechanics in 
the Physics course. There seems to be no set procedure 
in General Science; the subject of Heat, ho-wever, is intro­
duced fairly early in the course. 

By applying a range of information test to General 
Science pupils or a standardised Physics test (such as . 
Camps) to Ptysics students after completing the course, 
it is possible to find out how many facts about Heat a 
student has accumulated, how many problems he can solve 
or how he stands in relation to General Science or Physics 
students in general. One aspect such a test does not 
measure, however, is whether the student, through his 
formal study of Heat, has changed his old notion regard­
ing the nature of Heat or just what is his present notion. 

A student may know about thermometers, calori- . 
meters, tl:e boiling and freezing points, specific beat etc., 
and yet have a vague or erroneous notion of Heat itself. 
~f a concept of Heat consists merely of the sum-total of 
all the separate facts a pupil has learned, then ordinary 
tests would give a fair estimate of the significance of his 
notion of Heat. 

:A concept of Heat, however, does not consist merely 
of a number of disconnected facts. Facts may be 
important intrinsically and they certainly are essential · 
for the changing of old and the building up of new con- _ 
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-cepts; but their acquisition, especially in the form of a 
mass of disconnected facts, does not necessarily ensure a 
changed and scientific concept of Heat. Thqs a know­
ledge of the "Mechanical Equivalent of Heat " is acquired 
by most Physics students; it may, however, merely be one 
of a number of isolated facts or it may be the means of 
changing a student's notions of Heat from a " material 

. substance" to "a form of energy." 
Secondly, even if it were possible to rely on the find­

ings of a standardized test for the General Science and 
Physics groups to test the concept Heat, the non-science 
groups could not very well take the same test, for scores 
of zero on such a test W10uld have no meaning. 

To get a definition of so abstract a term as Heat 
from a student who has not studied Physics, or, for that 

. matter, even from an adult, is a difficult matter. O_rigin­
ally a direct question of the type used in the preliminary 
survey of t he last chapter was tried : "What is Heat?" 
Of the 52 students in the writer's General Science and 

. non-science classes not even one-half attempted to answer 
the question. The non-science students, most of whom 
failed to respond, gave as r eason that they could not be 
expected to " know a definition " of H eat, never having 

. studied science; or that they could not " make up " a 
definition. Next the writer tried a free association test 
more or less on the lines suggested by Professor Thorn­
dike, that is, students were asked to write down the first 

· ten words they thought of when seeing the presented 
word; Heat, Light, Sound or Electricity. The associations 
formed were inter esting, but threw little light on the 
students' concepts. 

Finally an attempt was made to obtain these free 
associations by letting the pupils write ordinary essays, 

· that is, to write as many things as they knew about Heat 
etc. Every student handed in an essay, and over 70% 

- made an attempt in the essay to explain what they thought 
Heat was. F ifteen minutes were allowed for writing the 
-essay, but it was found that after six minutes the major­

·_ ity did not have ·anything more to say. 
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It is surprising that this method brought forth more 
responses than the direct question "What is Heat?". 
Firstly, however, it was given through the English 
department as an ordinary essay, and non-science students 
seemed to have more confidence in themselves. Every 
student had something to write about Heat as he would 
about any other subject given. Secopdly, some of those 
who felt that they could not tell what Heat was in the 
beginning of the essaT, did so unconsciously while "tell­
ing other things " they knew about Heat. In short, the 
essay is nothing but a type of free association test on 
Heat, but, unlike the ordinary form of free association 
test, it is more intelligibly connected. 

This " test " was then mimeographed and sent to 
various schools to be distributed, wherever possible, 
through the English Departments. With every set of 

"tests" was included a sheet of directions to the teacher 
in charge or to the principal, also a statement relating to 
the purpose of the essays. The time allowed was 8 
minutes. 

The large majority of essays were written during 
the months February to May. It was not possible to have 
all the essays from the Science Groups written at the 
same time as the subject of Heat is not treated at the 
same time in all schools. With the exception of one set of 
General Science essays, which was not used, all " science " 
essays were written after the subject matter Heat had 
been studied. The " test " follows : 

Name. . . . . . . . . . . . . . . . . . School .......... .. . ...... . 

Age: Years .... months . . .. Boy or Girl. . . . Grade ... . 

Are you now studying Pl:ysics? . . . . General S-::ience ? ... . 

Underline the subjects you have studied before :­

Physics General Science Biology Chemisti-y 
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READ THIS. You are going to write a short essay 
for which you will be allowed 8 minutes. Start writing 
on this side and continue writing on reverse side of: 
paper. The essay is on HEAT. You may start your 
essay by telling just what you think Heat is, and then 
tell other things you know about Heat. 

" What I think HEAT is, and other things I know 
about Heat." 

METHOD OF RECORDING DATA. 

As in the case of the preliminary survey, no attempt_ 
was made to " score " the essays as a whole. A grade of 
C- or 40% or a T score would have little meaning 
besides being irrelevant to the immediate purpose of this 
study. Every one of the 840 essays was carefully read­
and the contents were analysed and recorded under the. 
following classifications: 

(1) What the pupil thinks Heat is. 
(2) The sources of Heat mentioned. 
(3) The effects and uses of Heat mentioned. 
( 4) Any other statements made. 

In the tables that follow are given the per cent. of 
p upils of each group making a certain type of response. 
Tables 10 to 16 give the type responses under classi- . 
fication ( 1) above, Tables 17 to 19 those under 
classification (2) , (3) and (4) above. Thus Table 10 is 
to be read as follows:- Of the 120 pupils in Grades 5, 6. 
and 7 who had no formal General Science or Physic&, 
26.6% have the notion that Heat is "Hot air," "Warm. 
air" or "Heated air ". 
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Table 10. 

Nature of Heat. 

Grades: 5, 6 & 7. Class: No science. Number: 120 

Percentages 

26.6 

17.5 

13.3 
7.5 

5.0 

4.2 

3.3 
3.3 

T ypes of responses. 

Hot air, warm air, heated air 

Warmth, Hotness 

What keeps us warm (or hot) 

Fire 

Rays of the sun 

Power of the sun 

A vapor in the air 

Force from a fire (or stove) 

*Power of heating air 

Warmth in the air 

Force that makes things hot 

Warmed air with oxygen burned out 
Substance coming from a fire 

The strong light of the sun 

Something in the air 

Temperature in the air 

Steam in the air 

Hot rays blown by the wind 

A power 

*Where no percentage is gi\'en, it is less than 1 re. 
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Grade 8. 

Percentages 

20.5 

15.5 
14.3 

6.0 
3.6 
3.6 

3.6 
8.3 
2.4 
2.4 

2.4 

Table 11. 

Nature of Heat. 

Class: No science. Number : 84. 

Types of responses 

Hot air, wa1·m air, air that has been 
warmed. 
Warmth 
Warmth of the sun 
The sun's rays 
Moisture in the air 
What causes temperature to rise and 
fall 
Steam, Hot steam 
What keeps us warm, (hot) 
A temperature that is warm 
What can be seen and felt but not 
heard 
Opposite of cold 
What can be felt but not seen 
Amount of warmth thrown off by a 
hot thing 
Something warm 
A substance in the air 
A power measured by temperature 
Rays thrown by any burning thing 
Power from fire 
Power used to thwart cold 
Property of wave$ of matter that 
makes a body warm 
Warmth is measured by temperature 
A form of dry moisture which evapo­
rates until it becomes warm 
Force of materials and minerals put 
together for m heat. 



&ade 9. 

P ercentages 

20.0 
18.9 
13.7 

9.5 
5.3 
4.2 
3.2 
3.2 
3.2 
3.2 
2.1 
2.1 

Concepts of Heat. 

Table 12. 

Nature of Heat. 

Class : No G.S. or Physics. Number 95-

Types of responses 

Hot air 
Warmth 
Warmth of tl:e s un 
Temperature of a t hing 
The sun's rays 
A kind of steam 
Warm moisture in the air 
'What comes from a fire or hot thing 
·what keeps us warm 
Kind of power originally from the sun 
That which keeps things alive 
Opposite of cold 
The combustion of chemicals 
Warm substance that comes from va­
pors of coal 
Condit ion of the atmosphere 
A result of chemical action 
Breaking up of different substances 
which make heat 
Warmth from the body 
A ,-ery warm t emperat ure 
A chemicai change when there is 
combination of different gasses. 
Pc".·er from sun or fire 
Energy from sun or fire 
A substance which cannot be seen but 
only felt 
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·Grade 11. 

Percentages 

Table 13. 

Nature of Heat. 

Class: No G.S. or Physics. Number 108 

Types of 1·e;:.ponses 

22.2 Warmth 
14.8 Hot air, warm air, air that has been 

heated 
9.2 A result of fire 
6.5 Temperature 
5.6 A kind of vapor 
4.6 Compressed fire 
4.6 A thing that can only be felt. An ab­

stract thing 
1.9 Power in the air which raises tempe-. 

rature 
1.9 A form of energy 

A condition of the air 
Vapor which gives off waves 
The temperature needed to keep the 
body warm 
A substance (or) an invisible sub­
stance 
A rising temperature 
A phenomena of combustion 
A warm moisture 
What we get from the rays of the sun 
Opposite of cold 
A force that makes things hot or cold­
A force coming from the sun 
A result of oxidation 



-Grade 12. 

P e1·centages 

15.6 
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Table 14. 

Nature of Heat. 

Class: No G.S. or Physics. Niun!ier 90 

T ypes of responses 

Warmth 
13.3 Hot air, warm air 
8.9 Temperature 
4.4 Result of oxidation 
3.3 A vapor, Vapor in the air 
3.3 A kind of energy 
2.2 Rise in temperature 
2.2 Opposite of cold 
2.2 Result of chemical combination 
2.2 A substance that can be felt but not 

seen 
A force that changes things. Fire, 
Unit of energy 
Effect of pressure. An invisible tem­
perature 
A power ca using things to expand 
A warm moisture. The process of keep­
ing warm. 
One of the forces of the air. A varia­
ble temperature, having its limits in 
combustion 
What is caused by friction. Atmosph~ 
ric pro.perty caused by the sun's rays. 
Temperature above the average. 
That which is connected with flame. 
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Grade 9. 

Percentages 

14.1 

2.3 
2.3 
.8 

7.0 

1.6 

.8 

Table 15. 

Nature of Heat. 

Class: General Science. Number: 128. 

T ype of response. 

Hot air 

Hot moisture or vapor 

A gas. A kind of gas 

A gas thrown off by coal 

A process of oxidation 

A substance given off <luring oxidation 

A result of chemical action 

5.5 A motion, or vibration, of molecules 

of a body 

.8 The spreading of molecules 

Molecules in the air being moved fur­

ther apart by fire 

That which starts molecules vibrating 

when applied 

Molecules vib:r~te faster when heated­

The bumping of molecules so fast that 

they give heat 

Motion of molecules in the air 

10.9 Warmth, Hotness 

6.2 Temperature, High temperature 

5.5 What comes from a burning substance 

1.6 An invisible substance that can only 

1.6 Opposite of cold 

1.6 A force of Nature 

.8 A substance 
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TABLE 15.-Continued. 

Percentage. Type of _response. 

A substance produced by fire 

The rising of the temperature 

An invisible fluid 

Something thrown off by a burning _ 

thing 

Rays from a hot object 

Heat is an atmospheric pressure 

Something like atmosphere 

Warm waves that travel in the at­

mosphere 

That which is stored in atoms 

10.9 A form of energy, Energy from the·· 

sun 
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Table 16. 

Nature of Heat. 

· Grades: 11 & 12. Class: Physics. Nitmbers: 115 & 100. 

P e1·centages 

11. 12. 
- 22.4 22.0 

1.7 3.0 
o.o ~.o 

.9 1.0 
0.0 1.0 

.9 0.0 
2.6 2.0 
1.7 1.0 

. 0.0 1.0 
1.7 2.0 

.9 0.0 
0.0 2.0 

.9 0.0 
0.0 .1.0 

- 2.6 0.0 
0.0 1.0 

.9 9.9 
.9 0.0 

. 0.0 

0.0 

1.7 

0.0 
. 0.0 

2.0 

LO 

0.0 

1.0 
1.0 

Types of responses 

A form of energy 
Potential or stored up energy 
Radiant energy given by the sun 
Energy formed by oxidation 
Energy turned from work to warmth 
An effect produced by energy 
Form of molecular energy 
Energy which causes molecules to 
move faster 
Mechanical or electrical energy 
Energy 
Converted energy 
Passing of energy from one object to 
another 
A source of energy 
A great amount of energy 
An elem ent produced by energy 
A form of energy that has for its 
purposes to melt or heat 
Kinetic energy 
Form of energy that cannot be con­
verted 
Amount of energy to raise a liquid 
from 1 oc to 2°C 
Amount of energy to raise temp. from 
o0c to 2°C 
Form of energy which can be felt and 
from which other forms can be derived 
Form of energy that performs work 
Energy used to do some mechanical 
advantage 



Concepts of H eat. 59 

TABLE 16.-Continu ed. 
P ercentage. T ype of 1·esponse. 

:2.6 2.0 

1.7 2.0 

1.7 3.0 
.9 0.0 

· 0.0 1.0 

1.7 0.0 

. 3.5 '4.0 

.9 '0.0 

.9 0.0 

·0.0 1.0 

.9 0.0 

· 0.0 1.0 

.9 1.0 

.9 0.0 

' 0.0 1.0 
4.3 4.0 

.2 .6 2.0 
1.7 1.0 

Friction between molecules. They 
rub against each other which causes 
friction causing l:eat 
Molecules more active when body is 
hot, less active 
Heat is caused by mot ion of molecules 
H eat caused by the mingling of mole­
cules of one body with those of an­
other 
H eat is ·warm molecules imparted 
from the sun or a fire 
A property r esulting from constant 
rushing together of molecules ; faster 
they rush, greater the heat 
For m of molecular energy; greater 
velocity of molecules the greater heat 
in the body 
Molecular for m of energy caused by 
molecules that move freely 
An increase in temp. of the molecules 
of the air 
That form of energy that causes the 
molecules do move f urther apart 
Any change in the molecules of a thing 
causes heat 
Heat is a number of rays of molecules 
which have a tendency to impart to 
other molecules their speed 
Heat is air in which molecules move 
faster than usual 
:A direct result of exciting and liber­
ation of molecules 
Warmed up air particles or molecules 
Hot air. Air that has been heated 
Warmth 
Warmth given off by something oxidi­
zing 
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TABLE 16.-Continued. 

Percentages. Type of response. 

0.0 
.9 
.9 

0.0 

1.7 
0.0 
.9 

0.0 

0.0 

.9 

.9 

.9 

.9 
0.0 

0.0 
0.0 

1.7 
.9 
.9 
.9 

.9 
.9 

0.0 

1.0 
0.0 
0.0 

LO 

0.0 
LO 
0.0 

LO 

LO 

0.0 
0.0 
0.0 

0.0 
1.0 

1.0 
LO 

2.0 
0.0 
1.0 
1.0 

1.0 
0.0 

1.0 

Vapo1·ized a ir 

A gas obtained from friction 

Vapor given off when two metals are 
rubbed 

A weightless fluid which makes a 
body warm when it enters 
Warmth given by the sun 
A result of combustion 
Temperature or really the opposite; 
the degree to which bodies change 
their stat e of temp. 
When work is done part becomes 
wasted which i's heat 
That condition that takes the place of 
coldness 
An invisible matter 
A factor producing work 
Reaction between substances in con­
tact with each other 
A property of a substance 
A series of waves produced by fire or 
electricity 
A force that can be seen and felt 
Giving off of calories to produce 
warmth 
A result of oxidation 
One of the class of phenomena 
T!·e friction between two bodies 
Something that cannot be seen or 
heard but f elt 
T he number of calories in a thing 
T emperature with weight t aken into 
account 
The combustion of rnolecules with the 
aid of oxyger1 
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Table 17. 

Sources of Heat. 

I I I I I I 1 I I I 
I Grade .. .. . . 1- <;-•1 -s I -9 I - 11 I - 12 I + 9 I + 11 I + 12 I 
I A\·erage a ge: I I I I I l I I I I 

I 5 : .. I 11.1 I I I I I I I I 
I 6 : . . J 11.1 J 13-9 114- 10 I 16-9 i 11--10 I 14-9 I 19-9 I n - 9 I 
I 7 : .. 1 12.s I I l I I I I I I ,, Number i 120 I 84 I 95 I 108 I 90 I 128 I 115 I 100 I I 

1 I I I I I l I I I 
The sun .. .. I 44.1 I 45.2 I 4o.o I 44.4 I 43.3 I 44.5 I 36.6 I 38.o I 

I 
Sun' s r ays .. I 6.1 I 0.0 I 4.2 I 3 '7 I 12.2 I 3.5 I 1.7 I 0.0 I I 

Fire . . .. .. I 4o.o I 20.s T 20.0 I 22.0 I 12.2 I l o .s I a.5 I 5.0 I 

I F uels (Coal etc.) I 48A I 53.6 I 35.s I 3 !.5 I 30 .0 I 3 i.2 I 20.s I 11.0 I 
Stoves .. .. .. I 11.7 I 6.0 I 3.2 I 3.7 I 0 .0 I 1.6 I 0.0 I 0.0 I 

I Electr icity .. .. 10.0 20.!! 12.G I 13.o I 10.0 I 14.s I 19.2 I 2i.o I 
I 0 :"tidat ion and I I I I I I I I I 

I 
Chemicai action I 0 I 3.G '1 9.r. I 9.3 G.7 J 13.3 I 24.4 I 20.0 I 
Frict ion .. I 3.3 I 6.0 I 9.5 I 9.3 ! 12.2 I 20.2 I aa.9 I 39.o I 

I Body H eat .. I 8.3 I 17.9 I 26.3 I a1.s I 15.s I 1s.4 12.2 I 9.0 I 
I S unlig ht .. . . I 6.7 I 0.0 4.2 I 2.8 I 4.4 I o.s 0.0 0.0 I 
I Compressio n .. I 0.0 I 0.0 0.0 I 0.0 I 0.0 I 2.3 0.9 0.0 I 
l Earth's H ea t I 1.7 I 0.0 0.0 I 0.0 I 2.2 ! 1.6 0 .0 0 .0 

I I I I I I I 

Miscellaneous sources not given above:-

.(5-7) Warm winds, atmospher e, explos ion, by 
lighting a thing. Matches. The moon. 

( -8) Generated by comets and falling stars. Gener ­
ated by particles of dust. By magnifying-glasses. Warm 
water in the ocean. By taking different gases. 

(-9th) By plants, Smoke, Volcanoes, Steam, Hot 
air. 

(-11,- 12) By energy, The moon and stars, Vol­
canoes, Moisture in the air. 

( + 9th) Spontaneous combustion. From light, 
steam, from a body r aised to kindling point, Equator . 

(Physics) From melting ice, Matches, Radiation, 
·v olcanoes, Steam, Convection, Magnetism. 
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Table 18. 

Effects and Uses of Heat. 

I Grade 1-5-71 - s I -9 1 -11 I -121 +9 1 + 11 i +12 I . r Number I 120 I 84 I 95 I 108 I 90 I 128 I 115 I 100 I 

I Effects of H eat I I I I : I I I I 
Expansion . . I I 2.4 2.1 I I 4.4 I 14.8 I 19.2 I 23.0 I 
Change of state I I J I ( J J f 
e.g. m elting, I I I I I I I I 

I boiling . . . . I 13.3 
1 

19.1 20.0 I 1s.5 I 14.4 I 1 8.o I '.!2.5 I 2i.o I. 

I Chemical changes I I J 1.8 J j 1 .6 J 1.7 I 0.0 J 

Make tt:ngs grow I 8.3 I 6.0 12.6 I 9.2 I 8.9 I 3.9 I 3.5 I 4.0 I 
I K ills germs I l. 7 J 3.2 I I 2.2 I I I I 
'~C-au_ses~-fir_e~-·--'-1 ~--'-'~--'~~~J ~........:....1 _2_.2........:....l -8_.2__;_! _1_.1--'-l ~__;.I 
I I I I 1 ! I I I 

' 

Uses of Heat J J I J I I I I 
Heats the house 148.4 I 33.3 36.3 I 44.4 J 42.2 I 39.4 J 20.9 I 26.0 J 

I Cooks food . . 62.5 I 51.2 55.8 I 35.2 I 34.4 j 41.8 I 2U J 18.0 J 

I Used for run- J j J J J J J I ' 
J ning ships, I J j I I I I I 
I factories etc. I 16.7 I 20.2 15.8 I 13.0 I 15.6 i 26.5 I 33.0 I 36.0 I 
i I 1 I I I I l I 

Miscellaneous effects and uses :-

(Non-G.S.-Physics) Makes you sweat, Makes. 
people sick, Causes the seasons, Keeps the blood circulat­
ing. Destroys grains. Causes rain. Burns a p erson, 
Infuences the living of people. Causes rocks to dis­
integrate. 

(General Science) Heat makes copper faster than 
other metals ( ? ?) Heat causes winter and · summer .. 
Helps respiration. Keeps blood circulating. 

(Physics) Affects the climate. Causes convection 
currents. Has power of absorpt~on. Power of making:­
molecules in a liquid expand. 
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Table. 19. 

-Miscellaneous statements made in essays -

(5-7) 

(-8) 

(-9) 

Without heat we would freeze to death . . 
Heat is essential for all life ( 10%) . 
It is hot in summer (10). Hot air rises 
(6.7). Heat rises (5.0). It is hottest at 
the equator (3.3). Heat is measured by 
momenetors. Warm air is lighter than 
foul air. Heat is very strong, Fire throws 
out warm air. 
Without heat we would die (20.2). Heat 
rises (6). It is warmer in summer (13.0). 
It is warmer at the equator because it is 
nearer the sun (2.4). Heat is always in 
the Southern Hemisphere but not always 
in the Northern. Heat is measured in 
degrees. If heat is placed upon a picture 
and a person, the picture appears to move. 
The sun warms the air and the air turns 
to l:eat. If the sun is in the Western 
Hemisphere. In summer the air holds heat 
and so does water and gradually gives it 
out You could see the smoke of the steam 
but could see nothing of heat. 

Heat is essential for all life (30.5). Hot 
air lighter than cold air (2.1). Heat rises 
(2.1). Food we eat turns to heat. Heat 
expands. Heat can be changed to vapor. 
Mars is an example of a world without 
heat. Plants need heat (or) seeds peed 
heat to germinate (10.5) . It is warmer in 
summer because the earth etc., etc. (7.4). 
You can feel the heat beating against you 
from a fire. If all the heat is taken from 1 

water it freezes. 
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(-11,-12) Heat is essential for all life (33.9). Heat 
rises (3.3) Hot air rises (5.1) Measured 
by a thermometer (5.9) SEASONS. Heat 
of summer, equator heat etc. There are 
t W:o kinds of heat, natural and artificial 
(3.3) Heat waves can be seen in the air. 
Heat accompanies light. Fresh air heats 
more quickly than stale a ir. Heat has great 
speed. Heat is the part of a flame that 
burns. There is an enormous amount of 
heat stored in the center of the earth. 
There are two common kinds of heat-hot 
air and steam; steam is t he best. Heat is 
measured in caiories. If it were not for 
t he heat of the sun, t he whole earth might 
be like the North Pole. 

(General Science). Heat essential for all life (21.2) . 
Hot air rises (5.1). Heat rises (1.6). 
Travels by conduction, convection, and 
radiation (14.1). Measured in degr ees by 
thermometer (7.0). Measured in calor ies 

(3.5) . Heat has great speed (2.3) . There 
is heat of fusion and heat of vaporization 
( 1. 6) . Very hot down in earth ( 2.3 ) . 
SEASONS- summer, etc. (10.6) . No fir e, 
no heat. Not much heat on cold day be­
cause the sun is not so hot. Heat burns. 
The sun is always near the equator. You 
can see the heat on a very hot day. Heat 
reflects like light. It is heat that makes 
it hot. 

(Physics.) Essential for all life (37.2%) . Heat flows. 
Heat rises in the air (2.7). Hot air rises 
(3.2). *Transferred by conduction, con­

vection and radiation (27.9). Heat is 
measured by Sunlight passing through 
glass does not heat glass. (calories) 



Concepts of Heat. 65 

When light rays from sun go through a 
transparent substance (air) and strike an 
opaque object (earth) they change into 
heat. 

Measured by thermometers in degrees 
(3.3). Intense heat will start a fire. Heat 
travels fastest through solids and slo~st 
through gases. The nearness of the earth 
to the sun makes heat greater. Sun heat 
is real but gas heat is artificial. We can­
not see heat although vapor of heat can 
be seen. Heat can be reflected. Heat 
travels in curved lines as can be seen in a 
field on a hot summer day. There is heat 
of fusion and vaporization (3.7) . There 
is a definite relation between heat and 
work done. Sun heats the earth by radia­
tion (2.3). 

(*Examples given in many cases.) 



66 Development of Physics Concepts in H.S. Students-

ANALYSIS OF RESULTS. 

Ordinarily it is expected that with mental growth 
there will be development in the significance of a con.:. 
cept ·such as Heat ; this holds true to a certain extent in 
this case. Stanley Hall has suggested that to very young­
children Heat and Fire are synonomous, that is, to them. 
heat is fire and fire heat. 

In Grades 5, 6, 7, 8 & 9 more than 30% of pupils think 
of heat as "warmth," "warmth of the sun" or "w'arJnth of 
a fire", and this "warmth" notion persists even to the 
-12th grade to the extent of 15.6%. In t hese grades 
heat is not fire itself, but some property of a fire or the­
sun, and, although these pupils are merely using another­
t erm for heat, it is clear that their notions are on a 
slightly higher level than those of children just entering-­
school. 

An unexpected outcome is the pr evalence of one­
particular erroneous notion, namely that of heat as " hot 
air " or " hot gas". In grades 5, 6 and 7 26.Q% have 
this idea; even in t he -12th grade is it found to the 
extent of 13.6%. It may be contended that this is just 
ene of the many erroneous not ions children have. On 
tte contrary, it is not one that occurs in one grade to a 
negligible extent and not at all in another; it is found 
in all the non-science and in the General Science grades, 
only in the Physics groups does it occur to an insignifi­
cant extent. 

The essays do not show just why these notions are 
held, only in a few cases do pupils enlarge on this " hot 
air" notion. Thus statements of the following typeS­
were found:- "Heat rises to the ceiling of a room,''" 
" You can see the heat or hot air on a bot summer day,''" 
" If heat is placed between a picture and you, the picture­
appears to move," " H eat is a ir that is used to warm our 
houses, in our hoµse the kind of heat we use is hot air ". 
In a later chapter more data will be given to account for­
this notion. 
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The other notions of the non-science groups are 
extremely vague. The types of notions held by Physics. 
students are very different from tl:ose of both the non­
science and General Science groups. A glance at Table 
16 shows that over 40% associate Heat with some 
form of energy, while about 16% associate it with 
molecular activity. That these notions themeslves are 
not all correct and that some are gross misconceptions is 
true; but the fact remains that the majority of Physics. 
students form with heat associations of a more scientific 
type. Heat is no longer regarded as fire, warmth from 
a. fire or hot air, but as a kind of energy or a mode of 
motion. About 20% give the same types of responses 
as the non-science pupils. 

Is the difference between the non-science and Phy­
sics groups after all so significant? According to Dr. 
Dewey " popular definitions select certain fairly obvious. 
traits as keys to classification, scientific definitions 
select conditions of causation, production and generation 
as their characteristic material. The t r aits used by 
popular definition do not help us to understand why an 
object has its common meanings and qualities; they 
simply state the fact that it does have them. Causal 
and genetic definitions fix upon the way an object is 
constructed as the key to its being a certain kind of 
object and thereby. Explain w)ly it has its class or com­
mon traits. . . . scientific definition is founded not on 
directly useful properties, but on the way in which 
certain things are causally related to other things; that 
is, it denotes a relation." The majority of non-science­
and General Science students give popular <lefinitions of 
Heat, whereas the majority of Physics students give 
causal and genetic definitions. Based on the above· 
criterion, then, the differences certainly are significant. 

To say that Physics students have scientific or 
logical concepts of heat is not really the case, for many 
of these are erroneous and vague. To say that the 
majority of these students are changing their concept8 
from a popular or naive to a logical or scientific form is 
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. nearer the truth. The transition begins in the General 
Science stage, the majority of pupils not being affected, 
however; in the Physics groups, on the other hand, the­
majority are affected, this reconstructive process having 
taken place in about 60% of cases. 

The purpose of giving this essay type of question was 
·to obtain students' notions of Heat. Many other state­
ments were made, however, and these are classified in 
Tables 17, 18 and 19. Table 17 gives the percent of each 

_group mentioning a particular source of Heat. The sun 
is mentioned by the largest number in each group. Heat 
calls to mind " fire " in 40% of the cases in grades 5 to 
7 but cnly in 3.5 % of cases in the 11th Physics group. On 
the otter hand, the percents for "friction" are just in 
the r everse order. These percents do not show the 
number acquainted with the particular source of heat, 
but only the number who mentioned it in the essay. 
Probably 100% of -8th graders have knowledge of heat 
.and friction. 

Table 18 gives the extent to which certain effects 
and uses of heat were mentioned. These may or may 
not mean much, as those students who had st udied the 
subject would naturally be better acquainted with the 
various effects of heat such as expansion, change of 
-state etc. The cooking of foods and the heating of 
houses were the two uses given by most pupils. Reading 
across Table 18, however, it will be noticed that the 
number of Physics students giving these two uses is 
much less than the number giving them in other groups, 
whereas the reverse is the case for the third use, namely 
.as power to run machinery, ships etc. 

As stated before, tl:e purpose of the essay was 
primarily to obtain the pupil's notion of Heat and not 
to test his range of information. The latter could 
probably have been done much more successfully by 
direct questioning to that effect. There seems to be, 
however, some relation between these miscellaneous 
statements and the general nctions of Heat. For example, 
in grades 5, 6 and 7 the sources of heat mentioned most 
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frequently are sun, fire, stoves and fuels; while the· 
concepts of beat that preponderate are "warmth (from 
fire, sun etc.)" and "hot air". In the Physics groups 
the sources given most often are sun, friction, chemical 
action and electricity and the notions of the majority 
involve energy or molecular activity . Again, in enumer­
ating the uses of heat, the majority of Physics students. 
give the operation of factories, locomotives, ships and 
engines of various kinds; the majority of 5-7th graders 
think of the more obvious uses in cooking and the heat­
ing of houses. The conclusions from these results are: 

(1) The concepts of the non-science pupils are gener-
ally vague. Heat is defined (a) by simple sub­
stitution of another word e.g. warmth, (b) as an 
obvious property of fire, a burning thing or the sun. 

(2) The erroneous notion "hot air" appears in all 
groups of non-science and General Science pupils 
to a relatively 

0

large extent. 

(3) The study of General Science does produce a 
change in concepts of Heat, but the new notions are 
of a scientific form in less than 20% of cases. The 
erroneous notion of heat as "hot air", a gas or a: 
substance is still found in about 25 % of cases. 

( 4) The formal study of Heat in Physics produces a 
marked change in the concepts held. The majority 
of students hold notions which are either scientific 
or in the process of reconstruction. The notion of 
energy or molecular motion bas displaced the 
"material substance " notion in the majority of 
cases. 

{5) Although about 16% of Physics students asso­
ciate Heat with molecular motion, their notions are 
extremely vague. 

( 6) There is no appreciable difference between the 
11th and 12th Physics grades concerning the types. 
of concepts held or the extent to which they are 
held. 



CHAPTE~ VI. 

CONCEPTS OF LIGHT. 

E ssays were also written on Light in the manner 
01: and undei- similar conditions as those of Heat of the 
previcus chapter. The majority of students who wrote 
the essay on heat also wrote one on Light.. The instruc­
tions to students were similar to those described in 
chapter V With the exception that the word " Light" 
was substituted for the word "Heat". 

As befoi-e, every one of the 835 essays was read by 
the writer and the contents recorded and classified under 
the f ollowing headings:-

( 1) What the pupil thinks Light is. 

( 2) Statements concerning t he method of light 
Propagation. 

( 3) Any other statement made. 

The results are given in Tables 20 to 28 and are 
to be interPreted in a manner similar t o those of 
chapter V. 



-Grades: 5, 6 & 7. 

Percentages 

26.1 

9.8 
8.9 
6.5 
4.3 
4.3 
3.2 
2.2 
2.2 
·• 

Concepts of Light. 71 

Table 20. 

Nat ure of Light. 

Class : No science. Nwniber: 92. 

Type of r esponse. 
Light "is what make~ us see (or) 'What 
we see by 
The ray-s of the sun 
Brightness (or) brightness of a thing 
What comes from t he sun (or ) fire 
Something to light places at night 
Power to see (in t he dark) 
The opposite of darkness 
Substance made by electric (or) gas 
Something you see when in the dark 
Bright rays 
Substance which brightens a thing 
A rriass of white clouds 
Light is when. it gets dark 
Light is electric 
A glow from the sky 
Light is when the sun r evolves around 

the earth 
A movement of the air 
The sunset part of the world 
Air becoming bright 
A force of gravity 
Light is the sun shining on half the 

earth 

•Where no percentage is indicated it is less t han 
1%. 
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1Grade: 9th 

.Percentages 

21.9 

12.4 
8.4 
6.2 
5.2 
~.2 

3.1 

2.1 
2.1 

Table 22. 

Nature of Light. 

Class : No science. Numher: 96. 

Type of response . 

Light is what enables us to see, (or) 
substance that makes us see 
Rays of the sun 
Sun's reflection (or-) reflected sunlight 
A power from the sun 
Brightness (or) brightness from sun 
Opposite of dark 
A kind of energy t( or) energy that 
makes plants grow 
A substance present during daytime 
Reflection of a fire or burning thing 
Illumination (or) illuminating force 
A kind of electricity 
A substance like air 
A condition when sun shines on the 
·earth 
A force in the air 
A kind of ways that is visible 
A beam or ray thrown off by a fire or 
bulb 
A result of sunshine 
An element 
A t hing which, if there were none we 
would be blind 
Thar; which makes day 
A power t hat can only be seen 



t 
..(;rade: 11th. 

Percentages 
16.1 

11.6 

'8.9 

5.4 
4.5 
4.5 

3.6 
5.4 
2.7 

Concepts of Light. 

Nature of Light. 
Table 23. 

Class : No science. Number : 112 . 
Type of response. 
Light is what enables us to see (or) 
substance that makes us see 
Sun's reflection (or) reflected sun-

-light 
Rays from the sun (or) beams of 
light 
Result of combustion (or) oxidation 
Brightness of a thing 
Energy (or) energy necessary for 
plant growth 
An illumination 
Opposite of dark 
Power which brightens the world 
A force from the sky 
Result of the sun's presence 
The object of seeing something not 
bidden 
Light is a stimuli 
Light is when we see 
A form of seeing things 
Power sun has directing rays to earth 
A quality associated with fire 
Power to distinguish objects 
A necessary thing when in darkness 
Force travelling on invisible waves 
What a difference between day _ and 
night 
Invi~ible waves in the air 
Something like electricity 
Nobody knows what light is 
Light, according to Einstein is a 
dimension 
Something that can be seen but not 
felt 
Something like heat 
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Table 24. 

Nature of Light. 

Grade : 12th. Cla.ss : No science. Number: 115-

Percentages Type of response. 

i9.2 Reflection of sun on earth, sun's re-­
flection 

10.4 What enables us to see (or) substance­
etc. 

5.2 Form of energy from sun (that makes 
plants grow) 

5.2 Result of combustion, burning, oxida- -
ti on 

4.3 Opposite of darkness 
4.3 Absence of darkness 
4.3 What comes . from the sun 
2.6 ·Result of sun's rays striking the earth_ 
2.6 Rays of force from the sun 
2.6 A property of electricity 
2.6 A substance which fills all space and _ 

which effects the eyes 
1. 7 What makes things visible 

Another form of heat 
Product of a flame 
Condition produced by sun's position 
A power to distinguish between night .. 
and day 
A sensation 
What makes plants grow 
What gives a thing color 
An invisible power in the air 
A substance that strikes the eye caus-­
ing light 
Brightness of a thing 
A thing that has to do with ether 



<Grade,: 9th. 

Percentages 

14.4 

Concepts of Light. 77 

Table 25. 

Nature of Light. 

Cl.ass : General Science. Number: 111. 

Type of response. 

Reflection of sun on earth (or) sun's 

reflection 

13.5 What enables us to see ; substance en-

abling etc. 

6.3 Rays from a bright thing 

4.5 Result of heating to incandesence; re­

sult of oxidation or burning 

3.6 Beams coming from the sun (or) sun's 

rays 

3.6 Opposite of dark 

3.6 Brightness; brightness of sky or a 

thing 

3.6 A form of energy; form of energy like 

heat 

3.6 Energy from the sun 

1.8 Power to see 

1.8 Power used to illuminate 

Vibration of electrons in the ether 

Motion of molecules in ether 

Vibration of ether in the air 

Vibration of moleeules 

Vibration of molecules to form incan­

desence 

Sorn.e::;thing composed of small mole­

cules of energy 

Light is ether 
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(Table 25.-Continued). 

Waves of different color 

Something that sends out waves to our­

eyes 

A luminous substance we see with 

The shine an object gives 

Lightness of the sky 

Light is the sun 

That which distinguishes betweeil!. 

night and day 

A way of seeing in the dark 

A substance having a great speed 

That which drives dark away 

An invisible substance in the air 
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Table 26. 

Nature of Light. 

Grade: 11th and 12th. Class: Physics. Numbers: 114 & 
100. 

Percentages 

11th. 12th. 
16.7 18.0 

9.6 12.0 

4.4 2.0 

1.7 
.8 
.8 

3.5 
2.6 
1.7 
0.0 
1.7 
0.0 
0.0 

.8 

.8 
0.0 
.8 

.8 
.8 
.8 

.8 
5.3 
.8 
. 8 

2.0 
0.0 
0.0 
2.0 
0.0 
1.0 
LO 
2.0 
1.0 
LO 

0.0 
0.0 
LO 
0.0 

0.0 
0.0 
LO 

2.0 
6.0 
1.0 
0.0 

Type of response. 

A form of energy 
Energy from the sun, fire or combus­
tion 
That into which other forms of energy 
change 
A form of radiant energy 
An invisible energy 
A form of heat energy 
A wave motion in the ether 
Vibration of molecules in the ether 
A vibration of molecules in the ether 
Vibrations of electrons in the ether 
A transverse wave motion in the ether 
Vibration of molecule in the air 
Those vibrations in the ether which 
affect the eye 
E ther waves 
Ether molecules vibrating 
A wave motion in space 
Propagation of waves along a path 
until they reach an object which re­
sists. 
Effect of light waves on the eye 
Effect of light waves on the eye 
Waves of some invisible substance in 
the air 
Invisible waves in space 
Rays from the sun 
Rays projected from some body 
Composition of rays having power to . 
overcome darkness 
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·0.0 2.0 
.8 0.0 

.8 0.0 
.2.6 4.0 

. . 8 0.0 
.8 1.0 

· 1.7 2.0 
1.7 2.0 

.o.o 1.0 

.8 0.0 
·o.o i.o 
.1.7 2.0 

.8 0.0 
1.7 2.0 

.8 0.0 

.8 0.0 

.8 0.0 

··O.O 1.0 
•0.0 1.0 
-1.7 1.0 

(Table 26.-Continued). 

Rays that illuminate ~he earth 
Source from w\hicb one can perceive 
objects 
Color of space in air 
What enables us to see (or) substance 
allowing us to see. 
Sensation to the eye 
An illumination 
Light is light 
Product of light, result of heat (in­
tense heat) 
Illumination by combustion of sun's 
surface 
An artificial thing / \ 
Result of rapid o:ridation 
A reflection 
Molecules in the air 
Oposite of dark 
Small bodies or corpuscles 
A mixture of all colors of rainbow 
Something like electricity and having 
same speed 
Radiations from a burning substance 
A force making things visible 
Something that can be seen but not 
felt 
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Table 27. 

How Light Travels. 

I -81 I . i I r Grade l-5-7 1 - 9 - 11 1-121 + 9 I +11 I +12 I 
I j Number . . . . I 92 I 95 I 96 I 112 I m 111 I m I loo I J Medium age: I I I I I I I I I 5, . . . • . . 1 11.0 I I I I I I I I 6 , . • . • . • I 11.10 I 13.9 I 14.10 I 16.10 I 17.10 I 14.10 I 16.9 I l U I I 7: • • •.• • 11z-11 I I I I I I I 
I I I I I I ~ I I I <I : In straight lines I I I 1 8.9 I 3.5 I 18.0 I 3&.4 I 31.o 

I / I • Through ether I I I 
t 

I I 5.6 I 11.6 I 19.o 

I In waves .. . . I I I 7.2 I 6.1 1 9.9 I 10.5 1 11.0 l I Through space I I I I 1.7 I 2.6 I 2.7 I 3.5 I 2 .0 I I In rays .... I I 1.4 I 3.1 I 8.9 I 8.7 1 6.3 I 4.4 I 3.0 I 'I Through the air I 3.2 I 3.2 I 2.1 I 1.7 I 2.6 I 2.7 I 2.6 I 3.0 I I With the sun I 6.5 I 2.1 I 3.1 I 8.6 I 3.5 I 2.7 I I I • lRound earth or sun I 6.5 I 4.2 I 2.1 I 2.7 I 0.9 I I I IC 
.: Travels by day I 4.3 I .il.2 I 3.1 I 0.9 I I l I I 
'J Travels in wires l 8.7 I 6.3 I 4.2 I 1.7 I I I I I 
[ Speed very great I 26.l I 20.0 I 20.8 I so.4 I 29.o I 16.2 1 7.1 I 5.0 I 
·1 Speed 186000 I I I I I I I I I 

miles per sec. I 0.0 I 2.1 I 1.1 I 3.6 I 2.6 I 21.0 I 45.6 I 48.o I I Wrong speed given I 0.0 I 2.1 I 1.1 I 1.7 I~·' I 9.0 I 4.4 I 3.0 I I Takes 8 mins. I I I I r I I I I I from sun .. I 0.0 I 0.0 I 0.0 I 2.7 I 3.5 I 3.S I 0.0 I 0.0 I 
. , Faster than sound! 0.0 l 1.1 I 2.1 I 7.2 l u I 2.7 I 3.5 l 2.0 1 
I ·1 I I T I l I I r 
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Table 28. 

(Miscellaneous statements made in essays.) 

I I I I I ! I 1 I 
Grade . . . . 1-5-7 j -s I -9 I -u 

1 
-12 I +9 I +11 I + 12 I 

NUinber . . . . I 92 I 95 I 96 1 112 I m I m I m l 100 l 
I I I I Light eoroes from j J 
( the sun ; sun I j 
l gives light • . • I 30-4 j 35.8 

I Eleet rk Light l 45.6 l 48.4 

, . Moon and stars I J 
I give light . . i 12.9 I 12.6 

Lamps, oil, cand- j j 
!es g ive light ) 28.3 I 10.5 

CaU$e of day I ' l 
and night . . . . \ 10.9 I 15.9 

Natural and ar- l [ 
· tificia1 light . . 1 4.s I 9.5 

j; When sun sets j j 
I it gets dark I s.8 f 9.5 

I When lig ht here 1 j 
I it is dark else- I I 
j where .. . . I S.7 j 3.2 

I _lf no light we ( ) 

cou!d not exist I 10.9 j 13.7 

I Edison in vented I / 

I light .. . . .. f 4.3 I 5.3 

Light causes I I 
plants to grow j 4.3 ) 8.4 

Light can be ~ I 
reflected . . • . J 2.2 I 3.2 

~ Refractic n j J 

J mentioned I \ 
j Absorption ,, I j 
I Dispersion ,, j I 
) Cause of ( I 
I eolour .. ! [ 
j Candle-power ,. ( I 
! r I 

I I I I 

I
I I I I 

1 I I I 49.5 l 46.4 I 46.8 I 49.5 

I 41.6 I 44.6 I 21.6 I 35.1 

i I i I 

l 1i.5 I 26.8 ! 13.o ) 15.2 

I J I : I 14.6 J 33.9 I 16.s 
1 

23.4 

! 10.4 114.3 l u.3 l 6.3 

I J l I I 14.6 I lU I 13.9 I 4.5 

I I I I I 5.2 I 3.6 I 2.6 I l.S 

I I ! i 
! T l 1 
I u 1 i. 1 I 3.<> I 4.s 

I I I I I 15.6 I 19.6 I 14.8 
1 

18.o 

) j I I 
I ' I I 
I 1 I I I 20.S I 17 .9 I 13.9 I 8.1 

l l l I I 2.1 i 5.4 I 7.0 I 21.~ 

I 1 I I 9·
0 

I I I I i.s 
I 1 1.7 I 6.1 ! 1.2 

I T I ! 
! I I I i.s 
I ! I I 2

·
1 

I ! I T 

I I I 
I t i· 
I l I I 28.2 I ai.o l 
I 10.0 I· 13.o 1. 
I I J 

l 5.3 I a.o I 
I I I u I 2.0 ~ 

I I I, 
I x.7 ! I 
I I I 
! ! I 
i I I 
! I I 
I I I 
I ! I 
I
I I I 

I I 
I 9.6 I lo.o ~ 

I ! t' 

l I t 
1 

3.5 

1
1.0 I 

I 1s.1 I 15.o l 
I I I I 26.4 I 2s.o I 
I 2.6 I 1.0 ! 
I 14.1 T is.9 ! 
I I i 
I I i.o I 
I 3.5 I 1.0 ~ 

I I I 



Coticepts of Light. 

ANALYSIS OF CONCEPTS OF LIGHT. 

In order to compare the types of concepts held by· 
students of the different groups, the tables of results will 
be condensed by further grouping as follows : 

(1) Responses which involve notions of energy . . 

(2) Responses involving some aspect of "wave mo-­
tion in the ether", "vibrations in ether" etc. 

(3) Responses involving some obvious property of 
light or that have reference to the sun, fires ; or that 
are otherwise vague. 

(4) No response. 
The percent of_ students of each grade giving each 

of these four classes of response will be a s follows : 

I 
I Grade -5- 7 -8 - 9 -11 -12 + 9 + n + i2 

I 
I Group (1) 0 0 3.1 4.5 6.1 7.2 34.0 34.0 

I Group (2) 0 0 0 0.9 0.9 8.1 14.3 12.0 

I Group (3) 80.5 81.2 77.2 73.4 67.6 61.2 26.0 29.0 
I Group ( 4) 19.5 18.8 19.7 21.2 27.2 23.5 25.7 25.0 

I 

Notions of groups 1 and 2 are of a scientific nature· 
while those of group 3 are vague or popular. It then ap­
pears that the concepts of the non-science students are 
predominantly vague and incomplete; light is thought of 
most often as "What enables us to see" or "The sun's 
rays or reflections". 

In the General Science group 61.2% of the pupils al­
so have vague notions while 15.3% hold notions more or· 
less scientific, whereas in the 12th Physics grade, for ex­

-ample, the popular notions drop to 29% and the scientific 
concepts appear to the extent of 46%. 
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Classification of other statements made in the es­
says appears in Tables 27 and 28. It is interesting to 
note just what associations were made with Light, and 
to what extent they occurred in tl:e limited time allowed 
for the essays. Up to the -8th grade electricity is the 
most frequent association; in grades -9, -11 and -12 
the sun takes first place while in the General Science 
.and Physics groups the speed of light is the predominant 
association. In general, the associations of non-science 
pupils are the obvious ones which is .not the case in the 
science groups. Perhaps the one exception is the velocity 
-of light which is mentioned by as many as 26.1 % of 
-5-7th graders. Just why this should be thought of 
by so many non-science students, when it was not direct­
ly asked for, cannot be explained. Use can probably be 
made of this in the teaching of Light to entering classes. 

Regarding the nature of light propagation, non­
-science pupils make some peculiar statements. Thus 
"''Light travels with the sun", "Light travels with the 
·earth or all over the world" or "Light travels a good 
-deal". Statements of this type are practically absent from 
the essays of the science students; their ideas are more 
intelligible and scientific. Thus "Light travels though 
space", "Light travels through the ether, in waves, in 
rays or in ether waves" and "Light travels in straight 
lines". A glance at Table 27 will show the distribution 
-of the different types of statements regarding the pro­
pagation of light. 

There seems to be a relation between all the miscel­
laneous statementS made and the notions of light. For 
-example, in the case of the -8th grade the various asso-
-eiations made are no more scientific than the expressed 
notions of light. In this grade the sun and the electric 
Jight are the most common associations while the notions 
of light are mainly "what enables us to see or what we 
see by" or "Rays, reflection, brightness of the sun". In 
the Physics groups 'the main associations are the velocity 
()f light, the fact that it travels in straight lines, that it 
can be reflected and refracted and that it comes from the 
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Classification of other statements made in the es­
says appears in Tables 27 and 28. It is interesting to 
note just what associations were made with Light, and 
-to what extent they occurred in tl:e limited time allowed 
for the essays. Up to the -8th grade electricity is the 
most frequent association; in grades -9, -11 and -12 
the sun takes first place while in the General Science 
~nd Physics groups the speed of light is the predominant 
association. In general, the associations of non-science 
pupils are the obvious ones which is not the case in the 
science groups. Perhaps the one exception is the velocity 
-of light which is mentioned by as many as 26.l % of 
- 5-7th gr;:i.ders. Just why this should be thought of 
by so many non-science students, when ·it was not direct­
ly asked for, cannot be explained. Use can probably be 
made of this in the teaching of Light to entering classes. 

Regarding the nature of light propagation, non­
science pupils make some peculiar statements. Thus 
"Light travels with the sun", "Light travels with the 
earth or all over the world" or "Light travels a good 
deal". Statements of this type are practically absent from 
the essays of the science students; their ideas are more 
intelligible and scientific. Thus "Light travels though 
space", "Light travels through the ether, in waves, in 
rays or in ether waves" and "Light travels in straight 
lines". A glance at Table 27 will show the distribution 
of t he different types of statements regarding the pro­
pagation of light. 

There seems to be a relation between all the miscel­
laneous statements made and the notions of light. For 
-example, in the case of the -8th grade the various asso­
ciations made are no more scientific than the expressed 
notions of light. In this grade the sun and the electric 
light are the most common associations while the notions 
of light are mainly "what enables us to see or what we 
see by" or "Rays, reflection, brightness of the sun". In 
the Physics groups · the main associations are tl:e velocity 
of light, the fact that it travels in straight lines, that it 
can be reflected and refracted and that it comes from the 
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sun; but the sun is not involved in defining light ex­
cepting where light from the sun is thought of as a form 
of energy. Nevertheless, these notions and miscellaneous 
associations of the non-science students should prove 
valuable to science teachers in that they really are the 
foundations on which to build in the study of Light. 

The results of these essays lead the writer to the 
following conclusions: 

( 1) Non-science students . have popular notions of 
light; "What enables us to see" and the "Sun's rays, re­
flection or brightness" being the most common. 

(2) Whereas the majority of General Science pupils 
too have popular notions; about 15% hold concepts which 
are more or less scientific. Of these 8.1 % involve some 
aspect of the Electromagnetic Theory of Light, but they 
are either extremely vague or erroneous. 

(3) There is a decided difference in concepts of 
light between the Physics and the corresponding non­
Physics groups. 48.3% and 46% of 11th and 12th 
grade Physics students respectively have notions more 
or less scientific. 34% in each group think of light as a 
form of energy; 14.3% and 12%., like in the case 
of the General Science group, involve some aspect of the 
Electromagnetic Theory of Light in their notions, but 
these notions are either incomplete or erroneous. 

( 4) Although the study of . General Science and 
Physics has produced changes in the notions of the stu­
dents examined, these changed notions are vague. To 
think of light as energy from the sun is more scientific 
than to hold that it is the sun's reflection or rays, and 
such notions have been considered as scientifk in this 
study: but to think of light as "motion of molecules in 
ether or air" or as "vibration of molecules" is really too 
:vague to support further beliefs. 



CHAPTER vn. 

THE CONCEPTS GRAVITY, MASS AND WEIGHT. 

Thus far two methods have been used in arriving­
.:at pupil's notions. Firstly, in the preliminary survey a 
direct question was asked for every concept concerned. 
Secondly short essays were written by pupils on Heat 
and Light. From the results it was possible to classify 
several notions held by children and to trace any developi 
ment with the formal study of science. 

In these questions and essays there was practically 
no control of response, with the result that the range of 
notions was large. It could oe questioned, however, 
whether the responses to one question only represent the­
notions held by students; for in tl:e case of the General 
Science and Physics students especially there is always 
the possibility of merely repeating a mere text-book 
definition. 

In the preliminary survey many concepts, not re­
ported in this study, were examined; gravity, mass and 
weight happened to be included. At the time of recording 
the responses to the question " What do you mean by the 
Mass of a body?" tl:e writer felt that the common re­
sponse of Physics students, "Mass is the quantity of mat­
ter in a body" might not be reliable and that another 
question to test the significance of the "quantity of mat­
ter" notion might well have been added. 

Furthermore, the most common response of non­
science students to the question "What do you mean by 
the weight of a thing" happened to be "heaviness". Now 
there is a possibility that many of these pupils may have 
been familiar with the relation between weight and 
gravity, but preferred to define weight as heaviness. In 
such cases further questioning might throw more light 
<ln the actual notions held. 
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Accordingly it was decided to test in greater <let.ail 
. some of the concepts originally examined. Perhaps the 
ideal way of going about this problem would be to ques­
tion each student orally and to follow up a response with 
another question; to continue this prcoess until sure of 
the pupil's notion. Prof. James in his "Talks to Teach­
ers" refers to such a form of procedure' : "The great dif­
ficulty with abstractions is that of knowing just what 
meaning the pupil attaches to the term he uses .... .. . . 
so various forms of wvrds must be insisted on to bring 
the secret out". Repeated questioning of a pupil certainly 
does reveal secrets as will be shown in Part 2 of this 
study. 

When hundreds of pupils have to be examined, how-
. ever, this method is not so practical, and it became neces­
sary to apply such a form of procedure to the ordinary 
written test. Experimenting on his own classes, the 
writer constructed written tests on mass, weight and 
gravity in which one set of questions had to be answered 
and returned before the next set could be answered ; and 
so on until the series of "tests" had been completed. 

When personally administering the sets of questions 
to small classes and enough time is provided, the method 
is practical; but when given by teacher s to large classes 
under existing school conditions there is a limit to the 
number of con secutive sets of questions. Ultimately the 
number of sets of questions was reduced to three and 
the time limited to 40 minutes. Following is a set of 
questions on mass, gravity and weight:-

(Part 1.) 

Fill in all blanks (name, age, etc.) before answering 
· the questions. 

Name . . . . . . . . . . . . . . . . . . School ...........•.. . .. . 

Age : Years. . . . . . months . . . . . . Boy or Girl . ...... . 

Grade . . . . . . . . . . . . . . . . Are you now studying Physics? 

. . . . . . . . . . . . . . . . General Science? ...... . ... . ...... . 

·What text-book do you use? ..... ..... . . .... ; . . .... . 
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m the following list underline the subjects you have-­
studied before, and write after each the grade you were · 
in then. 

General Science ( ) Biology ( ) Chemistry -
( ) Physics ( ) 

Directions: Answer each of the following questions 
in the space just below it. When you have answered all _ 
you can, hand in this sheet and you will receive Part 2. 

1. Tell in your own words what you mean by the weight 
of a thing. 

2. Tell in your own words just what you mean by the 
Mass of a piece of lead. 

3. If a stone is thrown up into the air it will always re­
turn to earth. Tell why. 

(Part 2. ) 

Name ......................... . 

Directions: Answer each question in the space just­
below it. When you have answered all you can, hand in 
this sheet and you will receive Part 3. 

1. Tell just what you would do in order to find the 
Mass of a stone. 

Why do you think this procedure would give you its 
Mass? 

2. An object is compressed to half its size. What effect 
has this on its mass? 

Why? 

3. An object is taken miles away from the earth's sur­
·face. What effect has this on the mass of the object? 

Why? 

What effect would it have on the Weight of the ob-­
ject? 

Why? 

4. When iron is heated it expands. If you heat a piece­
of iron what effect would it have on its Mass? 
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Why? 
5. "The weight of an object ought to be slightly great- . 

er at the North Pole than at the Equator" Is this -
true? . ...... . 
Why? 

6. If two objects in New York have equal weights, will ' 
their masses be equal? ....... . 
Why? 

(Part 3.) 

Name ........................ . 
Directions: Answer each question in the space just . 

below it. 
1 When a stone is thrown up it always returns to earth _ 

because of gravit·y. Tell in your own words what you _ 
think gravity is. 

2. Mass is said to be the quantity of matter in a thing. _ 
Tell what you think quantity of matte1· means. 

These sets of questions in mimeographed form, to- ­
gether with sheets of directions to the teachers concern- . 
ed, were sent to 22 High Schools; . The Physics pupils 
were drawn from 14 schools; the General Science and 
non-science pupils from 8 schools. Great difficulty was 
experienced in having the questions answered by non- . 
science students, for, even after explaining the purpose 
of the study to the school principals, they seemed to 
think it futile to give a "Physics Test" to students who . 
had never studied Physics. 

As before, speed was not taken into account. Di­
rections to teachers were: (1) that a 40 minute class · 
period W;as desirable, (2) a student should hand in Part 1 
as soon as he had finished it in order to get Part 2 and 
similarly for Part 3. 

The results were treated in the sa~e way as were 
those of the single questions and essays. Every response . 
~s recorded, responses of the same type were classified · 
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-and the frequency calculated in percents. The tables 
· that follow represent the results of the test questions on 
Weight, Mass and Gravity. 

Table 29. 
Tell in your own words ~hat you mean by the weight 

of a thing. 

I 
/ Grade . ..... .. ... . 

l N umber . . . . . . . . 

. I Medium age . . . . . . . . 

I I I I I I I I I I 

1
- 8 1-9 1 -101 -111- 12 1 +9 I + 10 1 + 11 / + 12 1 

114 1 120 1 m 
1

125 
1

100 
1

112 I s6 
1

118 
1

192 I 
J 13-11 j14.10 j 15.10 j 16.9 111-8 j 14.9 \ 15.S 116.9 j 17 .8 l 

I I I I I I I I I I l 
/ Measure of the earth's p ull I I j J ) J ·) j j l 
I (or ) F or ce of gravity on j J j j j j / j j \ 

) a body (or) measure of J J J I I ! I J j I 
I pull of gravity . . . . I 2.6 I 2.5 I 2.6 I 2.4 I 9.0 112.2 \ 23.3 ! 56.2 159.8 I 
1 Heaviness (or ligh tness of j I J I j j I j J I 
I a thing: H ow heavy it is /42.l 146.6 j41.7 j48.0 j 47.0 144.8 I 6.9 j 5.8 j 3.5 j 
j Number of pounds or ozs. I j l I j I j I \ I 
[ or grams in .. thing . . r23.7 

1
20.s 

1
11.4 I 15.2 

1
1s.o ! rn.9 116.s I 6.6 I 4.o I 

J *Miscellaneous . . . . . . j 21.1 ! 17 .6 j 23.5 j 21.6 ! 15.0 j 16.3 j 36.0 j 25.1 132.5 j I No re;;pcnse . . . . . . . . 110.5112.5 114.8 112.8 111.0 ( 12.S r 7.516.3 12.2 l 
*(8th) What a thing weighs ( 6.1 % ) The heft of a 
thing (7.0%) Everything it contains. What a scale 
shows. Capacity of a t hing. Pressure on which it lies. 
Measure of heaviness compared to air. Avoidupois 
measure. · The amount of a thing. 
* (9-12) (Non-Phy) · WQat a thing weighs (4.1% ) The 

. amount of anything (2.2% ) What makes it heavy ·or 
light (2.2% ) Tte capacity of a thing (2.6 pCt.) How 
large it is ( 1.9% ) Amount of air pressure on it. A 
unit of measure. That which a scale shows. The heft 

- of a thing. Weight of material in it. Amount of air 
· displaced. The consistency of a thing. The contents of 
a thing. Its downward pressure. Resistance it offers 
when lifted. 
*(9th G.S.) What a thing weighs. (4.7) The amount 
of a thing. (2.3) Density or specific gravity (2.3) 
Density of the material in it. Weight is mass. Amount 
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· or capacity. What its mass weighs. Number of molecules 
·or atoms in the body. Amount of air pressure on every 
cubic inch. Amount of volume. What is shown by a 

. scale. 

*(10th Physics) What a thing weighs (1.2%) Weight 
is mass (7.0) Weight is mass plus gravity. That which 
will pull it down. Resistance offered to gravity. A 
measure of work. Weight is weight of the mass. Amount 
of water displaced. Volume of a body. Mass times 
volume. The pressure of gravity. Weight is the meas-

. ure of the mass of a thing. The amount of avourpodis 
· ( ?) a thing has. Weight is the measure of a thing. 
The difference in speed while falling. 
* (11, 12th Physics) Pressure a thing exerts (2.2) 

.Amount of force on body by earth's magnetism. Amount 
of force required to pull scales down one notch. Any.­
thing act_ed upon by gravity. Force required to support 
body in neutral position. Density of a thing (1.4% ) A 
measure of mass (2.7). Specific number of units in a 
substance. Measure of specific gravity in a body. 
Amount of matter in a body (4.9) A property which 
requires effort to support a thing. Something that has 
volume. Resistance required to lift against gravity. 
mass (5.4%) Weight is volume times density. Mass per 
unit volume. Specific gravity. Volume of substance 

· Something that requires energy t.o displace. Weight is 
measured by gravity pull. In Physics it means pull of 
gravity but to me it is mass. Amount of air a thing 
displaces (1.4) Weight is the definition of mass. Mass 
divided by volume. What it weighs. Degree of weight 

·or amount of weight. The force it exerts. A unit of 
heaviness. 
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Table 30. 

Tell in your own words what you mean by the Mass or 
a piece of lead. 

I I I I I I I I I I I l Grade . .. .... . . . .. 1-8 I -9 1-10 1 -111-12 1 H I + 10 1 + 11 1 + 121 

. . 
1

114 I 120 1115 
1

125 
1

100 1112 I 86 117s L 192 I / Number .. .. .. . . 

I I I I I I i I I I I 
I Quantity of matter in it I 0 I 0 I 0 I 0 I 0 I 1.2 113.9 124.1 l 23.4 I 

1 
Volume: size; No. of cu. j J I I I j I I I 
in. or ems. . ..... I 4.4 112.5 115.7 120.0 j20.0 126.1 !44.2 128.2 j25.0 I 

l Weigbt. What it weighs; I I ! I I I I l I l 

I Heaviness, No. of lbs., I I I I I I I I I ~ · 
ozs. in . . . . . . . . . . 

1
12.3 

1 
a.2 

1
11.4 

1
19.2 

1
2u 

1
1i.6 

1
21.9 112.s 

1
12.s I 

r Weight per nnit volume I I l I I I I 4.7 I 6.5 I 3.1 I 

l The whole piece of lead. I I l I I I I l I I ; 
Lead taken as a whole 114.9 111.7 111.3 8.8 1 9.0 I 8.1 ! I I I 

r *Miscellaneous . . . . .. 131.6 110.0 121.7 113.6 17.0 118.0 I 7.0 125.7 132.4 I 
r No response . . . . . • . . 110.5 p 2.5 114.$ 112.s 111.0 Ll2.8 117.5 I 6.3 I Z.2 I 
I I I I I I I I I I I 

*(8th) Material of which it is made (2.6%) A part 
of the lead (or) a part of the thing (3.5). Capacity. The­
greater part of the lead. Amount, width, the heavy 
part. Shape. The solid part. Hardness. It is made · 
up of many parts. A group of it. 

*(9-12th Physics) Substance it is made of (4.1) , . 
Heavy or heaviest part of it (6.0) Amount. Density. 
Solidness, Area, Contents, Shape, Diameter, Surface, . 
Weight of a part. The solid part. Weight w:ith size · 
taken into account. _Number of times it is heavier than 
air. Number of the times heavier than water. Bulk or 
weight. 

*(9th G.S.) Density (9.6%). Density per unit volume · 
(2.0). Thickness. Area, Shape. Amount of water it 
displaces. Bulk or size. Volume plu~ weight. Number · 
of molecules of which it is composed. The space it 
occupies. Hardness. The biggest part of it. Its dim en- -
sions. 
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*(10th Physics) Weight plus gravity. Amount of water 
·displaced. Hardness. No of units in unit volume. Space 
·occupied. Weight in comparison to size. Density. Its 
molecular contents. Pull of gravity on it. The degree 

··of weight. 
*(11th, 12th Physics). Density per unit volume (6.8%) • 
. Bulk (2.4%). Amount of earth's pull (5.9). Volume X 
density (1.9) Amount of water displaced (1.3%) 
Quantity of matter per unit volume. Weight and space 

·occupied. Amount of molecular contents. Amount of 
it to weigh 1 ounce or 1 pound. Volume occupied by 

-one unit. That it occupies space. Pull of gravity on 
its volume. Number of cubic units in it. Entire area. 
The force that bouys it up equal to its own weight. 
Amount of degree of matter. Amount of the volume of 
matter. Weight in grams of matter. Amount of calories 

·in it. Area of its volume. Energy required to lift it. 
Its weight in a vacuum. I mean the DV ( ?) . Weight 
with its volume and. length taken into account. Thick­
-ness. Weight in grams, not pounds. Density divided 
oy weight. Weight with dimensions taken into account. 
~Mass is not volume or weight. 
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Table 31. 
QUESTION 3. 

If a stone is thrown up into the air it will always return 
to earth. Tell why. 

I Grade . . .•.... . .•. 1-s 1-9 1- 10 1 -111 - 121 +9 I , 1u l , 11 i , l:! I 
j Number . . . . • . • . . . 1 114 1 120 J 115 1 125 1 100 1 172 I 86 i 1'18 1 192 I 
I I I I I I I I I ·I 1-
1 .. Gravity pulls it down. ( or) j I I I I I [ I I I~ 

I Because of the force of I I I I I j I j I I 
I gravity . . . . . . . . . . 16:S.l 169.2 172.3 173.6 175.0 181.5 183.7 193.7 194.3 I 
I . It is heavier than air . . 126.3 123.3 120.S 118.4 120.0 113.3 I 9.3 I 3.6 I 4.1 I . 
I Misce~neous . . I 5.3 j 4.2 I 4.3 I 4.0 j 5.0 I 3.6 ! 4. 7 12.7 I J.6 [ 

I No answer - . . - . . 15.3 v·3 (6 ro ro r-7 12.3 ro lo.o I 

*(Non-Physics, Non-G.S.) It cannot stay up. The earth 
is round. Air is light. It is not wide enough to float. 
What goes up must come down. (2.3%) A stone is heavy . . 
Because of its heaviness. A stone cannot float in air. 
* (G.S.) It cannot stay up in the air. Atmosphere · 
presses it down. Because of its density. What goes up · 
must come down. Newton discovered a law by which 
things fall to the ground. 
*(Physics) Earth's magnetism draws it down. Because· 
of its center of gravity. Volume of the stone is denser 
than air. Its gravity is heavier than that of air. It has 
force. Atmosphere presses it down. Because of its ; 
energy. 
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Table 32. 
PART 2. QUEST ION 1. 

Tell just what you would do in order to find the Mass · 
of a stone. 

/ Grade ........ . ... 1--8 1- 9 1-101- 111-121 .-9 1-rl0.1 ·r ll j -,-12j · 
I Number . . . . . . . . . . 1114 1 120 1115 I 125 1100 1172 I 86 1178 1192 I 

I i I I I I I l l I I 
I 

Weigh it on a bala nce j j j j l I I 
(or) F ind its vcl. .... I i .01 5.01 8.3, 13.61 9.0 j 8.l j 20.9 j 29.81 22.S j " 

I
I ::~ol. ~~ '~~te~- dis- I o.o'/ 0.01 o.o l o.o l o.ol i .5 / 21.91 21.a l 24.i l 

F ind weight o( water j I j I I ! I I I I 
disp'.aced . . . . I 0.0 I 0.0 I o.o I 0.01 0.0 I 4.1 1 13.4 \ 6.i I 11.4 \ 

Measure its vol. I 3.51 9.21 i .8 j 1>.0 \ 6.0 l 9.3 \ 4.61 7.9 1 14.1 1 

I W eight/vol., Vol/ weight , I \ / / I I I I I 
I wei2ht x volume . . . . I 0.01 0.0 , 0.9 l 0.0( 0.01 3.51 2.31 7.9110.81 

I 
o t iscellaneous . . .. . . I 4-A i 6.7 ! 6.11 s.s1 s.01 s.2

1 
2.51 9.o

1 
- s.5

1 
No a ns wer . _ . . . . _. ! 85.11 79.11 76.9( 69.6! S0.01 62.3j 27.91 20.0/ 10.0 I 

I I ! I ! I . I I I I I 

* (Non-G.S. Non-Physics) Measure it. Find its capac­
ity. Measure its width. Measure its diameter. Measure . 
its area. Weigh the part that has mass. Find how many­
times it is heavier than air. Find how hard it is. Find 
its contents. Finds its thickness. 
* (G.S.) Find its area. Multiply it s weight by its area~ 

Find its contents. Finds its density per unit volume. 
Find its thickness. Add its weight to its volume. Find · 
how many times it is heavier than water. 
*(Physics) Subtract its gravity from its weight. Find 
how many units it contains. Multiply volume by density~ 
Divide density by volume. Multiply area by weight._ 
Measure the 'per unit volume'. Volume divided by dens­
ity. Find average diameter . Weigh it in vacuum for­
this would shut off gravity. Product of dimensions. _ 
Multiply length by width. Find out how many unit. 
volumes it has. 
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Table 33. 
PART 2. QUESTION lb. 

Why do you think this procedure would give you its 
mass? 

I I I I I I I I I I I 

I Grade •.••.. ••..•. 1-8 1-9 1-101-111-121 +9 I + 101 + 111 + 121 
Number . . 

1
114 1120 1115 1 12s 1100 1 172 I 86 1178 1192 I 

I I I I 1 l ! I I I I I Because weight is mass I 5.3 1 2.5 1 4.51 10.4j 7.01 6.41 11.61 20.2 1 28.11 

I Because this would give I I I I I I I I I· 
vol. which is mass . .. . I 2.6 ,I l.7 ll 1.71

1 

7.2 1

1 

4.0 ,

1 

3.5,

1 

20.9 1

1

19.11

1

15.61 
{ Because of Archimedes' J 
I Principle . . .. . . . . . . I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 1.71 13.91 3.41 6.31 

I *Miscellaneous . . . . . . I 2.6, 5.8 1 5.3 1 3.2 j S.O I 5.21 18. 71 14.6 18.8 
N o reason j 89.5 1 90.0 I 88.5 1 79.2 1 86.0 I 83.2 J 34.91 42.7 j 31.2 1 

I I I I I I I I I I l 
*(Non-Physics. Non- Gen. Sc.) Because it is the only 
way to do it. Because mass is width (or) diameter (or) 
shape (or) area. Because mass is the reverse of 
weight. 
* (G.S.) Beeause weight with volume taken into account 
gives mass. This would give the specific gravity and 
mass. By knowing the thickness the bulk or mass can 
be figured. By multiplying weight by area the size of 

· the thing is taken into account. 
*(Physics). Only way to do it. To find the pull ~f 

. gravity. Number of grams equals number of cu. ems. 
Mass equals work/ weight. To find nw:nber of weight 
units in it. To find weight per unit in cu. ems. Since 
density is mass per unit volume mass must be density 
per unit volume. Only a spring balance measures mass. 
Because it is difficult to measure ,its area directly. To 

~ find its relation to the earth. Because mass equals 
weight per unit volume. Mass depends on weight and 
space occupied. The only way to measure a quantity of 
matter is to find the space it occupies. 

- N.B.-(In very many cases the method of finding mass 
was just repeated preceded by the word "because". 
For example, " Find its area"-" Because mass is 
r.rea".) 
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Table 34. 
PART 2. QUESTION 2a. 

-An object is compressed to half its size. What effect 
has this on its mass? 

-I I I I I I I I I I I 
. I Grade .. .••........ 1-8 1-9 

1
-101-111-121 +9 I. +IO[ + u l + 12J 

_ l N umber . . . . . • . • . . 1114 1120 1115 1125 1100 1172 I 86 1178 [ 192 I 
·1 I 1. I I I I I I I I I No effect ....... . .. I 1.71 4.21 5.21 3.31 i.01 4.71 27.9 I 44.91 37.5 1 

I 
Mass is half • . . . . . I 17.6t 23.31 20.s l 25.61 37.0I 35.51 62.81 32.61 53.11 
Mass is doubled I 0.0 1. 71 0.0 I 0.0 I 3.0 I 3.51 2.31 3.41 3.11 

I. No answer . . . . • . . . 80.71 70.81 74.01 71.21 53.01 56.31 7.01 19.11 6.31 

I I · I PART 2. QUESTION 2c. I 
. I An object is compressed to half its size. What effect has this on I 
I its Mass. Why? I 

·I I 
~ V ol (size) half, therefore, I j I · I I I I I I I 
I mass is half 1 12.a l 19.21 11.41 20.81 25.0 I 2u1 41.91 2s.01 42.21 
I Mass or quantity of mat- I I I I I I I I I I 
I ter always same (or) mass I I I I I I I I I I 

· [ independent of volume . . I 0 I 0 I 0 I 0 I 0 ~ 2.91 2.31 23.61 21.91 
I •Miscellaneous . . . . . . I 3.51 3.31 4.31 4.81 5.0, 7.01 9.31 14.61 12.51 
I No reason . . . .... . [ 84.21 77.51 78.31 74.4 70.0 65.7! 46.51 33.81 23.41 

-I I I I I I I I I I I 

*(Non-Physics, Non-G.S.) Because the substance is 
still there. It has not been broken up (or separated) . 
Extra pressure means extra weight or mass. It occupies 
only half the space. It is twice . as compact. Its are2. i~ 

Jess. 
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Table 35. 
QUESTION 3a. 

An object is taken miles away from the earth's surface .. 
What effect has this on the Mass of the object? Wky? 

I I I l I l I I I I I. I Grade . ..... .... .. 1- s 1-!i 1-101-ni -121 + 9 I +101 + ll J + 121 
I Number . . . . . . . . . . 1114 j 120 I 115 j 125 1 100 1 192 ! ~6 1 178 1192 1. 

/ 1> No effoct . . . . . . / . 6.2/ 7.;; ( 6.11 a.4/ 14.ol 16.31 :;1.0/ ss.1! ss.sl , 
I 2) l'tlass gets less . . I 5.31 4.21 S.71 6.41 8.0 , 21.51 23.21 21.41 26.0 1 

) 3) Mass gets more I 14.!l j 16.71 15.71 13.61 11.01 9.9 / 2.3/ l.71 1.()1 

j 4) No answer . . I 73.61 71.6 J 69.5 j 65.61 67.01 52.3 j 11.4 1 11.81 4.21 

I I I I I I I I I I I -l REASONS: I I I I I I I l 
J 1) Gravity does not affect l j I / I . j I / I 
I mass . . . . . . . . . . 1 0.0) O.O j 0.01 1.6! 1.01 1.71 10.5 j 14.6 1 13.5 ~ 

I Mass always is the same j 0.0 ! 1.71 0.0 j 0.0 / LO / 3.3 ! 24.4 J 24.81 21.8 J 

/ Gravity gets less further I j l j I I I I I I 
I frcm the eanh I .8 , 1.7 ! 2.6 , 2.4 , 4.0 I 15.8 1 17 .4 , 15.6 ! ll.5 r 
J . Gravity more the hii:her I i / I / I / I / I 
] you go . . .. . . . . . . l 1.7) 2.51 3.5 1 4.0 1 2.0) 2.3 ! 0.0 1 0.0 , 0.01 

j Weight involved . . . . . . I 5.3 / · 5.81 4.3! 7.2! 9.0 / 7.01 4.7 j 3.41 7.31 
/ *Miscellanecus . . I 4.4 j 3.3 j 5.2 ! 4.0 ! 5.0 ! 4.7! 4.71 2.8/ 5.7 1 

j No reason ... •... . .• I 87.S j 85.0 j 84.4 j 80.Sj 78.0 j 65.2\ 38.31 38.3 j 40.2 j 

I I I I I I I I I t I . 

*Non-Science.: Because it is farther from the earth. It . 
is cold high up. It does not get any higger. It is still 
all there. The whole thing is still there. It is the same 
size. 1t will expand. 

*Science (No effect). Because nothing has been added 
or taken away. It still contains the same quantity of · 
matter. Its size does not ·change. It is still all there. 
Density is the same. Air pressure does not change-­
mass. Temperature has nothing. to do with mass. Because . 
of gravity. Gets more: Air pressure gets less (more) _ 
Because of gravity. 
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Table 36-

PART 2. QUESTION 3. 

An object is taken mi1£s away from the earth's surface. 
What effect has this on the weight of the object? Wh-y? 

1 . I I I 1 1 I 1 1 I I I Grade ............ 1- 8 1-n ! -1!1 1 - 11 1-12 i +9 I +l_o l + 111 +12\ 

l Nwnber .. .... ... . 1 114 ~ 120 ! 115 1 125 1 102 1 172 I 86 1 178 1192 I 
1 I I I I I I I I I 1 I No e!fect .... 1 12.3 1 9.2 , IOA I 12.0 1 11.01 9.9 1 9.3 1 6.11 3.1 1 

j Weight decreases . . . . . . I 10.5 1 11.7 20.81 2~.8 1 24.0 I 46.4 j 62.91 79.6 I 82.3 ! 

I Weight increaes ...... I 2.6 [ 6.71 7.0 1 5.61 3.0 1 22.0 , 20.9 1 10.11 4.7 \ 
I No answer .. .. I 74.6 [ 72.4 1 61.81 53.G j 62.0 1. 21.7 1 7.0, 5.61 9.91 

I I 1 I I i I I I I I 
I REASONS: I I I i I I I I I I 
I Farther from the earth I I I J I T I I I j 
I hence gm-ity not so strong I I I I I I 1 i I I 
I (or ) force cf gm-ity less I l.7 i 5.0 j 4.3 j 6.4 j 6.0 ! l6.3 j 37.2 1 53.4 1 57.31 

I Air pressnre is less (or I I I I I ! I I I I 
I more) ........ ... . I 3.5L 3.31 6.l! 4.8

1 
7.0 1 10.5 1 8.1 , 9.51 8.3 1 

j Nothing bas been added I I I I I ! I I j j 
I or taken away ... ... I 7.l l 6.71 7.01 7.2 j 6.0 , 3.5 j 4.7 j 3.41 2.6 1 

I *Miscellaneous . . I 4.41 4.2 [ 6.1 1 7.2 ! 9.0 j 12.2 j 14.l , 10.7 1 12.5 1 

j No reason . . . . . . . . l 83.3 1 81.0 1 76.5 1 74..4 ! 72.01 57.51 35.9 1 23.0 j l9.3 j 

I I I I I I I I I I I 

*(Non-Science) : It is colder the higher you go. (2.6% ). 
Because the higher you go the less (or more) the weight­
becomes. The weight of a thing is always the same. 
Position makes no differense to weight. Because it is 
taken farther from the earth (2.1 % ) . 
* (G.S. & Phys.) Weight decreases with height above­
sea-level (8%). Weight increases with height above 
sea-level (I.I%). Power of the sun is so great that it 
would make anything weigh more. Because it is nearer 
the moon. It will have less energy therefore less weight. 
It offers less resistance. Weight never changes. Its=· 
volume expands therefore it weighs less. 
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Table 37. 
PART 2. QUESTION 4. 

When iron is heated it expands. If. you heat a piece of 
iron, what effect would it have on its mass? Why? 

f 
J Grade . • . • . • • . . . . • 

i Number . . . . 

j 
j No effect . . . • 

I Mass increases 

I .Mass decreases .. 

l No answ~r .. 

I I ! I I I I I I I 
1-8 1-9 1-101-111-121 +s l + 101 + 11 1 +121 

j 114 1 120 1 m 1 125 1 1 oo 1112 1 86 111s 1 1s2 I 
1 1 1 1 1 1 I r 1 1 I 2.61 3.a1 6.11 4.o 1 9.o1 6.4 25.6! au1 38.ol 
I 19.3 I 2s.o I 20.s 1 24_0 I a5.o I 37 .8 ! ss.8 I 43.8 I 48.91 I o.o l o.o l .9 j 1.61 o.o l 4.1 j 3.51 4.s i ul 
I ?a.1

1 
n.1

1 
12.21 10AI s6.ol sl.7

1
1s.1 1 14.s1 8.91 

I I I I I I I I I I I 
l REASONS : I I I I I I I I I I 
) Volume (size) greater; it j I I I I I I I j I 
I is bigger (large.-) ther~ I I l l I I ! I I I 
I fore mass more ! 9.6 j 13.91 ll.3 j 15.2 1 21.01 24.41 37.21 36.5j 37.51 

I Mass independent of size. I j j ) I j j j j I 
I Mass 01" quantity of mat- ., I I I I { I I I I 
i ter jn a body js coustant I 0.0 I 0.0 I 0.0 j 0.0 j 0.0 I 2.3 j 3.5 j 23.61 22.5 j 
j •Miscellaneous . . . . 4.41 5.S j 5.2 1 4.8! 7.0 1 8.11 8,l j 12.8) 13.11 
I No answer .•.•.. . . I 85.0 i 80.31 83.5 ) 80.0 j 72.0 j 65.2 ) 5I.2 j 27.l l 26.91 

I j I I I j I I I I I 

*(Non-Phys. Non-G.S.) Expansion makes its area, . 
capacity, width, surface, diameter or weight more. Heat 
has been added, therefore it weighs more. Heat make~ 
it lighter. A hot thing does not weigh more than a cold 
thing. No effect because it will still be iron. 
*(Physics & G.S.) _Mass greater because area, surface, 
diameter, amount of displaced water. space occupied, 
dimensions, will be greater. Volume greater therefore 
density or mass greater. No effect because mass will 
still be the same. Displaces more air therefore mass 
more. Weight per unit volume less. Heat has not 
weight, so it will weigh the same. Volume less therefore 
volume times density less. Material of which made is 
still there. 
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Table 38. 

PART 2. QUESTION 5. 

"The weight of an object ought to be slightly greater at 
the North Pole than at the Equator . Is this tr ue? Why? 

I I 1 I I ! I I I I l 
j Grade 1-8 1-9 1-101-111- 121 -T-9 I + 10 1 + 111 +12 ~ 

I Number . . . . . . . . . . 1114 1120 1115 112;; ) 100 1172 ! 86 1178 1192 k 

I I I I I I l I -.I I I I Statement is true . . I 16.71 18.31 17.41 20.0 j 24.01 62.3 ! 70.9, 84.31 85.91 
I Statement is false . . . . I 56.41 60.01 55.61 48.01 44.01 26.11 22.l 12.41 10.01 
I No answer .•...••• I 26.91 21.71 27.01 32.0! 32.0j 11.61 7.01 3.3, 4.l j 

I I I I I I I I I I I 
I REASONS: I I I 'I I I I I I I 

I 
N orth P ole is nearer the I I I j I I I I l 
centre of the earth, ther e- I I I I I I I I I I 

I fore, pull is less, i.e. weight I I ! I I l I I I I 
I is 1.ess . • • . • • • • . . I o.s l 2.51 2.6

1 

4.8
1 

6.o1 2321 39.5 I 57.71 54.2 [ 
I All the substance is still I I I. I I I I I f 
I there so weight is same I 12.3j 13.31 r;.4 ! 12.8114.01_ 13.31 lUI 9.01 6.51 
I Colder at North Pole . . J 8.81 5.81 6.11 8.01 7.01 8.l j 7.01 3.61 3.6 t 
I *Miscellaneous I 5.31 3.31 4.31 4.0 I 5.0 I 16.31 10.51 12.81 10.0 I 
·/ No reason given . . . . 1 72.81 75.1 t 69.6 I 70.4J 68.0 I 39.l I 25.6, 22.9125.71 

*(Non-Phys. N on-G.S.) North Pole is no different from 
other places except that it is colder (2.6). If the same 
scale is used the weight w!ill be the same everywhere. 
The w~ight of a thing is always the same. Climate does 
not affect weight. There is no reason for its "Weight to 
be more at the North Pole. The air is thinner and colder. 
* (G.S. and Phys.) An object will weigh more at 
the Equator. (or) The rever se of statement is true. 
The weight of a thing varies on different parts of the 
earth's surface (5.4) False because weight is constant. 
False unless the place it is weighed at the Pole is above 
(below) sea-level. Because the force is more, ~o the 
weight is more. It weighs more because it has more 
energy. It will weigh more because of the earth's pull 
(or gravity) .(1.-% ). The air pressure at the North 

-Pole is different . 
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Table 39. 

PART 2. QUESTION 6. 

If two objects in New York have equal weights will their 
masses be equal? Why? 

I I I I I I l l t I I 
l Grac!e 1-8 1-9 1-101-111-121 + 9 I +101 +nj +l~j 
I Numb.,r . . . . . . 1114 1 120 1115 I I.25 11{)0 1 172 I 86 1 178 I 192; j 

l I I ! I l I I I I I 1 Y es . . . . . . . • j 6.2 , 10.8 1 8.7 j 9.Gj 9.01 12.S j 25.61 25.81 24.01 

, j No . . .. . . . . I 24.6 , 18.31 14.S j 20.0 1 17.0 j 26.01 53.5 j 50.51 52.?I 

! No answer . . . . ) 69.2 j 70.9 j 76.5 j 70.41 74.0 I 61.2 ! 20.9 1 23.71 24.? I 
I I I I I I I i I I I 
j YES. B€cause weight pro- I I I I I I j j I j 
I portional to mass I I ! I I I I I I i I 
j (or) mass can ~ measured j j j j j j j j I j 
I by weighing or masses can j l ! I I j j I I l 
I be eon.pared by their I I I I ! I I I I ~ 
! weights . . . . . . .. . . j O.O j O.O j 0.0 , 0.0 j 0.0 1 0.61 2..31 3.91 3.6f 

. j YES. Because mass equals I I I j j / I j I j 
j weigl:t (or) is the same as j j j I I j I ! I I 
! weight . . . . . . I q i 4.2 / 4.31 5.6 , 7.o : 7.51 10.aj ll.2. j 12.5 1 

j NO. Because they may j i I ! ( : I I I j 
r have different sizes . . . . I l I I I I I 1. I i 
l (or) one may ~ lat-ger j 5.3 1 IO.O! 9.6 1 8.0 , 11.0 j 11.6 , 18.7 j 14.6[ 15.lj 

·1 NO. Because their weights I I I l 1 I I l r ! 
I pn unit \"OI. may be dif- I I ! I I I I I I . I 
! ferent, or Densities may j I ! ! I I j I I I 
I not be the same I 0.0 I 0.0 I 0.0 ~ 0.0 ! 0.0 I 8.11 3.5 j 15.1 1 13.5 ! 
I *Misce!laneou . . . . . . j 5.3 J 6.71 4.3 j 4.8j 6.0 ! 5.3 , 10.51 8.2. j 5.81 ' 

I No rea..<0n . ...... . I 85.0 1 79.1 1 81.81 81.6 j 76.0 j 66.9 j 54.7 j 47.0 ! 49.51 

I I I ! ! I I I I I l 

*(Non-Science) 

NO. their composition may be different 
their areas, shapes, dimensions, c.ontents, materials 
or widths may not be equal or the same. 

YES. because they are the same or equal.. 
be~ause the whole object is taken when weighed. 
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*General Science. 
__ NO. because their dimensions, areas, thicknesses or 

shapes may not be the same. 

They may be made of different materials (or 
substances) . 

Their densities per unit volume may be different. 

Their specific gravities may be different. 
YES. because gravity pulls on both. 

because the number of molecules is the same. 

*Physics. 

. NO. because mass is the quantity of matter . 
because their specific gravities may be 
because mass and weight are unlike 
weights are equal. 

different. 
even if 

because one may have a greater weight per gram 
of unit. 

because mass is the molecular contents of a body. 

They may off er different resistances. 

Molecules may be more closely packed in one. 

One may displace a greater weight of water. 

Densities per unit volume may be different. 

-YES. Mass does not vary in one place. 

If the weights of the amount of matter are equal 
then the quantities of matter are equal. 

Mass and weight are equal in the same place. 

The earth's pull is-the same. 

Mass equals weight at sea-level. 

Pull of gravity is the same on both volumes. 
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Table 40. 
PART 3. QUESTION 1. 

When a stone is thrown up it is always pulled back to 
earth by gravity. Tell in your own words what you think _ 

gravity is. 

I I I · J l . 1 \ I I 
Grade . . 1-s j-9 ! -101-111-121 +9 I + 101 +nl + 12 \ 
Number . . . . . . j 114 ) 120 ) 115 J 125 1 100 ) 172 J 86 J 178 1 192 I 

I l I I I I I I I I I 
- Pull (attraction) of the ( j j J I .1 I I I I . 
I earth on a body. (or) Mu- I I I I I I I I I r '. 
I tual attraction between I I I I I I I I I i 
J earth and body . . . . 1 8.0\ 9.2 1 7.0J 9.6 1 10.0 1 23.9 j 6>.;; j 73.0 / 74.01 

j Something in the centr \ I / J J ! j I I j 
l of the earth t hat pu!V all I l I l I I I ! . · 1 
I things to it . . . . . \ 10.5 \ 10.8 15.7 \ 13.6! 17.0 / 20.3 / 5.8! 3.9! 4.7 j 

I What niakes stone.. fall. I I l I I I I i I I 
What keeps 1lS on earth. I I f j \ \ ! I I I 

I 
What keepS things ream I l I I I I I I l 
fallin g off the earth . . I 29.81 31.6 1 29.6 J 30.4 1 30.0 1 20.9 j 13.9 j ll.2 1 10.41 

I •Miscellaneous . . . . . . ) 2 8.0 ) 26.7 ! 34.8 J 32.0 1 33.0 j 23.2 j 8.l J 7.9 J 6.71 
/ N o answer .. .. . . . . ) 23.7 j 21.7 ) 16.5 ) 14.4) 10.0 1 11.7 1 4.7 1 3.9 ] 4.2\ 
1 I I ! ! ! I I I I I 
*(-8th) A strong -power. Force of the earth. Force 
of instinct. Electricity. Moving in the air. Magnetism 
in the earth pulling things down (8.0). The holding -
of the air of an object. A force like suction that pulls 
things down. What holds the earth in place. Strength 
(8.8). An unseen object that holds things to earth. 
Something in the air that has power ( 1. 7). Gravity is 
the gravity in the earth. 
• (-9, -12) Earth's . power of magnetism (6.3%) 
Air pressure drawing things to earth. What keeps the 
earth rotating on its exis. A natural hw. Rnml'>thi.ng -
we have on earth. A law which draws objects to earth. 
A force of pow'ier. Gravity means that we cannot hold 
a thing up-.must hold it toward the ground. A law or 
Science that forces things down. What keeps things 
standing upright on earth ( 4.8). An invisible force in·_ 
the air (1.9) . Earth's strength or power. The earth­
pu11ing like a magnet (8.2). The Law disc.overed (in- . 
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vented) by Newton. The Law that states "What goes 
up must come down." The force in the soil that makes; 
things grow. What makes the roots of the plants .in-ow 
down. The power that keeps us on earth, otherwise we. 
would fly like birds. The power that causes the tides. 
The ~earing down of objects towards the earth. 
*(General Science 9th Grade) Something in the air like-­
a magnet. A kind of magnetism in the earth. That 
which holds space around the earth. A substance in the 
earth that attracts. Air pressure that holds everything-­
to earth ( 1.7). A pressure on all sides. Weight of 
heavens and earth. Discovered by Newton, he said 
everything must come to earth such as his experiment. 
with the falling apple. What keeps everything to earth 
except lighter than air things. A natural law that draws. 
everything to the center of the earth. A force that pulls 
things towards it. Downward pressure of air on an 
object. Pressure that attracts everything to it. What 
makes a ball roll downhill. Work of he substance called 
gravity. What proves the saying " Everything that goea: 
up must come down." Force of soil that makes things 
grow. Earth always gravitating the sun, - it means it 
dra.ws its heat and light. Anything pulling towards the· 
earth. 
*{Physics) Earth is a great magnet, the force of grav­
ity is the magnetic pull of this magnet (2.9). Power­
of earth to attract things. The theory that makes things 
fall to he ground. What holds us to earth, a sort of' 
pressure. The pulling downward of substances heavier-­
than air. The do~ward pressure of the air. Some-

• thing like a magnet in the center of the earth. An in­
visible force pressing all things down. A force at the· 
center of gravity. The force in all bodies discovered by 
Newtton. All bodies attract or repel each other with a 
force inversely proportional to the distance between 
them. The pull by gravity. The center of gravity or 
two bodies attract each other. An invisible force in the> 
universe that draws all things to itself. 
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Table 41. 

PART 3. QUESTION 2. 

lVIass is said to be the quantity of matter in a thing. 
Tell what you think quantity of matter means. 

I J ! I I I ! I I I I 
I Grade 1- s 1-9 1 -101-11 1-12 1 +9 j +10 1 +n j +12 J 

I Number .1 114 1 120 1 115 j 125 1 100 1 172 I ~6 I 178 ! 192 j 

I I I I I I I I I I I I Weight of the material j I j I j j I I j I 
I (or) matter in it .... · 1 4.4 1 4.2 , 7.0 j 8.0 1 12.0 1 14.5 1 20.91 19.0 j 18.7 1 

I Volume (size) of t he I I l I j I j I j ! 
I mata-iai (or) matter I j I j j j j l I J 

j (or) substance I 3.5 1 3.3 1 7.S j 7.2 J 7.0 , 25.0 1 34.9 ! 25.B j 28.11 

j That which measures the J j j j j I I l I I 
I inertia o! the body . . I 0.0 ! 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 ! 6.2 , 5.2] 

I Density (or ) weight per I I I I I I I I I I 
I unit volume (or) weight j I j j l I I j I ! 
j with volume taken in . . j 0.0 j 0.0 j 0.0 I 0.0 \ 0.0 I 1.2 1 3.5 j 6.2 1 5.2 j 

I *Miscellaneous . . I 3.51 2.5 j 4.3 j 4.0 I 6.0 j 2.9 1 5.~ ! 6.61 10.4 j 
I No answer I 88.6 j ' 90.0 I 84.9 1 80.S ! 75.0 I 56.4 1 34.9 ! 36.2 1 32.4 1 

• I • ' I ! 

I I I I I I I I I I l 

· *(Non-Phys. Non-G.S.) The amount of matter (or) 
material. How much there is of it. Amount of it that 

- is solid. How much of it is matter. 

*(Phys. and G.S.) The amount of material in it. Its 
- bulk. The substance that gives it weight. The matter 
. in it that cannot change in amount. That which makes 
· it hard to move the body. 
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ANALYSIS OF RESULTS. 

The results can best be interpreted by exammmg 
_first tte answers to each question of Part 1 and then the 
answers to other questions which serve a "checks" to the 

. answers of Part L The majority of non-science pupils 
hold the "heaviness or lightness" and "number of 
pounds" notions of weight. These naive concepts of 
weight evidently are built up through experience, and, 
being useful concepts for all practical purposes, persist 

· even in the Physics groups. 

That such concepts are held is only natural; ihis 
. study, however, attempts to discover whether they change 
with the formal study of Physics and General Science. 
Table 29 shows that General Science students bold these 

. notions to an extent almost equal to that of non-science 

. students, and that only with the formal study of Physics 
· do these notions begin to give way to more · scientific 
·notions. 

On the other hand, the notion of weight as a force, 
a measure o~ the force of gravity, is extremely uncommon 
in the non-science groups notwtithstanding the fact that 
the majority of those pupils are familiar with gravity 
(Table 31). This affords a .good example of what is 
meant by a concept becoming scientific. The majority 

· of non-science and General Science pupils in defining 
· weight use some obvious or useful property in their 
- definitions; the majority of Physics students, + 11th 
and + 12th, have some form of relationship involved in 
their definitions. According to Profesor Dewey i) "A 
scientific definition is founded, not on directly perceived 
qualities nor on directly useful proJ)€rties, but on the 
way in which certain things are causally related to other 
things, i.e. it denotes a relation. Our conceptions attain 
a maximum of definite individuality and of generality 
(or applicability) in the degree to which they show how 
things depend one upon another or influence one another 

:.i) Dewey " How we think,' p. 134. 
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instead of expressing the qualitie8 that objects possess . 
statically." 

The miscellaneous responses appended to Table 29-· 
also show marked differences between the groups. The­
variety of responses increases with the formal study or­
sci~mce. Thus such erroneous notions as density, mass, 
specific gravity, energy, air pressure and mass per unit 
volume appear. The appearance of these responses is 
probably due to the fact that wrong meanings are · 
attached to them. Thus if a pupil has learned to think 
of density or mass as weight, he is likely to say that 
weight is density or ma.ss. The non-science groups are.· 
at least immune to this type of misconception. 

The responses to question 1, howiever, should be · 
interpreted in conjunction with those of Part 2 as the · 
association of weight and gravity may have been formed 
by pupils who preferred to give the "heaviness" type of­
definition. Table 31 gives the extent to which pupils 
are familiar with gravity: Table 40 shows the common 
notions pupils have of gravity. From these two tables it 
will be seen that, although the majority of non-science­
and the large majority of science students are familiar -
with gravity, non-science and General Science pupils 
have naive notions of the following types:- Gravity is . 
what keeps things on earth ; Gravity is something in the · 
earth or in the air. The majority of Physics students 
think of gravity as an ·attractive force of the earth for · 
a body or the mutual force of attraction of the earth and 
a body. These naive notions of gravity evidently are · 
formed during the elementary school period mostly in 
the geography classes, where, by ccmparing gravity to ­
a magnet attracting iron, many pupils are led to think 
of gravity as a magnet, or like a magnet, in the earth. _ 

To facilitate interpretation relevant responses from 
Tables 29, 31, 36, 38 and 40 will be placed in one table· 
together with the percent of students of each group who. 
gave the response. 



Concepts of Gravity, Mass, Weight. ·· 109 

• 
Grade 

I l I I I I I I I I 1- s 1-9 i-101-111-121 +9 I +101 +111 +121 _,__ ____ I I I I I I I I I I 
Table 81. Stoae r eturns I I j I I j j I I I 

I because uruvil·y p ulls it I 63 I 69 I 72 I 74 l 75 I 82 I 84 I 94 I 94 I 
) Tttble 40. Gravity is an at- I I I I j I I I ( ( 

l t ractive force between j ) I I ) I I I \ l 
~arth and body; mutual I I I I I I I I l I 

1 attraction . . . . . . . . I 8 I 9 I 7 I 10 I 10 I 24 I 68 I 73 I 7 4 I 
[ Table 29. Weight is a I ! ! I j j I I j I 
l measure of the forse of j I j I I j I j j 

. I g\"a vity . . • . . • . . • • I 3 I 3 I 3 I 2 I 9 I 12 I 28 I 56 I 58 I 

. I Table 36. Weight less I j I j I j I j I I 
I because gravity is less I 2 I 5 I 4 I 6 I G l 16 l 37 I 53 I 57 I 

Table 38. Weight more be- I I I I I I I j I I 
cause N. Pole nearer the I I I I I r I I I I 
centre of earth etc., etc. I 1 I 3 I 3 I 5 I 6 j 23 j 40 I 58 j M j 

The results from any group may now be interpreted 
from this table as folloW's :- "Of 11th Grade Physics 

~ students at least 94% seem familiar with gravity while 
73% give a scientific definition of it. 56% associate 

-_gravity with weight in defining weight. In two questions 
· where knowledge of the relation between weight and 
gravity is necessary, 53% and 58% give correct 

: answers. It seems reasonable to suppose that about 
56% have scientific notions of weight". Similar inter­
pretions may be made for the other groups. 

The results of the questions on the concept Mass 
tell a very different story. Scientific notions do not 

: appear at all among the non-science groups, even vague 
notions are absent and erroneous ones are common. 

·Perhaps this is t o be expected as the concept is a very 
difficult one to form even in later years when Physics 

-· is studied. Unlike weight, there is no opportunity in 
-everyday life to build up even a naive concept. When 
masses are compared on a scale or balance, we talk of 
weighing; wren the word mass is used in literature, it 
is usually preceded by the adjective huge or large, and 

-we talk of a mass of people when we mean a large 
:number or crowd, hence the wide variety of notions . . 
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A glance at" Table 30 shows that the notions occuring­
most often are " size or volume ", " weight ' and "the 
thing taken as a whole". Taken by themselves these 
misconceptions may not be so significant; but an examin­
ation of the table will show that in the science groups . 
two of these misconceptions are more prevalent; the­
formal study of Physics does not seem to change these 
notions. 

"Mass is the quantity of matter in a body" (the , 
definition given in every Physics text) is naturally -given 
as a definition of mass by 13.9%, 24.1 % and 23.4 
% of 10th, 11th and 12th grade Physics pupils respect­
ively, but not given by a single non-science student. 
Whether this definition is understood by those giving 
it, and whether others really think of mass as weight or · 
volume, will be seen from the following analysis, where · 
the 'check' questions are taken in conjunction with 
Quest. 2 of Part 1. 

I Grade 1' - 8 1' - 9 /- 10/-11/-121 +9 ! +1ol +ni +12l 
I I I r r ( I r I I r . 
J Quest . 2· Pt. L I I I I I J I I I I 
J Mass- volume ! 4 I 12 j 16 I 20 \ 20 I 26 I 44 I 28 I 25 [ 

I Quest . 1. Pt. 2· I I I ! I ! ·I I I I 
/ To find mass find vclume J 3 J 9 J 8 1_ 8 / 6 j 16 / 33 j 29 j 39 i 
I Quest, 2· Pt. 2· I I I I I I I I I I 
I Mass is half . • . . . . . . I 18 

1 
2s I 21 I 26 I 37 I 36 I 63 I 34 I 53 I 

I Because voL is half mass I I I I I I I I I I 
J is half . . . . . . . . . . ) 12 I 19 I 17 I 21 ) 25 / 12 / 42 j 28 I 42 I 
1
1 

Quest. 
4· Pt . 2

• I I ! I I I I I I I 
Ma...<S more . . . . . . . . j 19 I 25 j 21 j 24 I 35 I 38 I 56 j 44 I 49 I 

j Beeause vol . is more . . . . I 10 I 14 I 11 I 15 j 21 I 24 I 37 I 37 I 38 ! 
I Quest. 2. Pt. 3. I I I I j I I I J ! 
I Quantity of matter means I I I I I I I I I I . 
I volume . . . . . • . . . . I 4 I 3 I 8 I 7 I 7 I 25 I 35 I 26 I 28 ' 

l I I I I l I I I I i 
The last column shows that of 12th graders at least 

25% and at most 53% associated mass with volume. 
in some way or other, 42% gave a definite reason· 
which involved volume, th.e remaining 11 % either · 
giving no reason or a reason involving something other -



Concepts of Gravity, Ma.ss, Weight. 111 . 

than volume. Taking into account, therefore, in. 
questions 2 and 3 of Part 2 only those answers accom­
panied by a 'volume ' reason, it is found that the average·· 
percentage of 12th grade Physics students associating-­
mass with volume is about 36%. The average percent­
age for all groups associationg mass with volume would . 
be approximately:-

Grade 

Percent 

I I 1 I I I I I I I 1- s 1- 9 1- 101-111- 121 +9 ! +10 1 + n \ +i21 
I 7 I 14 I 13. I ls: I is I 2 s, I 39 I 33 I ss 1 
I I I I I I I I I I 

It may be argued that this increase in the frequency 
of an erroneous notion is only apparent since tl:e major­
ity of non-science students do not r espond to th~ · 

questions. This is probably true. There is no way to 
force non-science pupils to respond; were it possible, 
then responses would probably be very unreliable. Where · 
the subject matter is know:n they respond well, as in the . 
case of Quest. 3 Part 1. The fact remains, however, that 
of the total number of Physics students who answered · 
the question, a certain number associated mass with · 
volume or size, and the percentages given above for the . 
Physics students hold good irrespective of what the non- · 
science students did. · For this and other reasons given 
in a later chapter, the writer feels that in the case or 
non-science pupils, single questions of the kind used in 
the preliminary survey give a fairly good estimate or 
the notions held by these pupils. 

The notion of mass as weight can be analysed in 
the same way. The numbers in the following table re-. 
present the percent of pupils of each group who· 
associated mass with weight in the check questions as :; 
well as in the definition of mass. 
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l I I I I I I I I I I . I Grade 1 - s 1-9 1-101 -11 1 -12 1 + 9 ! +lo l + 11 1 +12j 

I I I I I I I 1 I I I 
I Q.iest. 2.. Pt. i. I I I I I I I I I I 

I :Mass is the weight of a I I I I I I I I I I 
body etc. . . . . . . . . I 12 I 14 I 17 I 19 I 24 I 12 I 28 I 13 I 13 I 

I Qltest. 1· Pt. 2· I I I I I I l I I I 
-1 Weigh it because weight I I I I I I I I I I 
I is ma.s1 . • • • • • • • . . I 5 I s I 5 I 10 I 7 I 6 I 12 I 20 I 28 I 
I Quest. 2. Pt. 3. I I I I I I I I I I 

. I Mass or quantity of mat- I I I I I I I I [ I 
I ter is weight I .,, I 4 I ? I s I .12 I u J 21 I n : 19 I 
I Q,test. Sa. Pt. 2· I I t I I I I I I 1 

I Reasons in which mass is I I . I I I I I I I f 

I thought of a s equiv. to I I I I I· I . I I l I 
I weight . . . . . . . . . . . . I s I 10 I lo I a 1 15 I .:5 I 27 I 22 r 19 I 
'1 I I I I I I I I I I 

Taking the results for the four questions together 
for the Physics groups, the average percents of the 
"weight" notion of mass are: lOth-22%, llth-18 
% and 12th-20%. The results of Question 2, Part 
3 for the non-science group, even for the General 
Science group, can really not be considered in this way 

. as not a single non-science pupil defined mass as the 
quantity of matter in a body, and only 1.2% of General 

:Science pupils gave that definition. In fact, the major­
ity of these pupils did not r espond at all to questions a 

· and 3 of Part 2 and to question 2 of Part 3. Again 
-the results of Question 2 of Part 1, the definition of 
mass, for these groups would probably be just as 
significant if taken by themselves. It is interesting to 
note, however, that non-science students when left to 
themselves with the definition "Mass is the quantity of 
matter in a thing" get the "volume" and "weight" ideas 
to a greater extent than any others. 

The results of Question 2 Part .3 show that Physics 
students do not understand the meaning of "quantity 

· of matter". About one-third of their number did not 
even attempt to answer the question, and among these 

-there were probably many who remembered the text­
lbook definition and warning " Mass is not weight .... 
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:not volume" and thought the easiest way out of the 
difficulty was not to answer at all ! 

What relation does the student form between weight 
-and mass? The results previously ref erred to tend to 
..show that more than one-third of Physics students think 
that weight and mass are one and the same thing, that 
mass is just another word . for weight. Table 34 gives 
results of a question involving this relation directly. 
Less than 4% of Physics students mention the pro-

_portionality of weight and mass, the majority of re­
sponses again involving the idea of equality of mass 

-with weight, volume or density. 'The majority of non­
science pupils give no reasons. 

The impression left is that there is a great confusion 
in the minds of pupils regarding mass. Such a state of 
affairs is to be expected in those grades where Mechanics 
has not been studied. The writer feels that the pupils 
are not wholly to blame for the number of vague and 
-erroneous notions of mas_s. All the ;.nswers to Question 
2 Part 1 from a certain High School Physics group were 
of the following type: Mass is the quantity of matter in 

.a body. Mass is· not weight or volume. Yet about 60 
% of these same students thought that the mass of a 
piece of iron on expanding would increase ! 

The text-books seem satisfied to warn students 
against erroneous notions of mass by stating "mass is 
not weight etc., but quantity of matter " without making 
an attempt to clarify "quantity of matter". The result 
is that the student is just as much in the dark as he was 
when he entered the class except for the fact that he 
has been warned what " mass is not ". Moreover he has 
hardly been in the Physics class for two weeks when he 
meets the term mass involved in the common definition 
of Density viz : Density is the mass per unit volume. Is 
it any wonder that 15% of 11th and 12th graders 
define man as the "Density per unit volume," "density" 
~r something pertaining to density? 

More will be said about the concepts Mass and 
W eight in Part 2 of this study where results of 
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experimental teaching will be .given. As far as the:-­
answers to the foregoing questions are concerned, the, 
conclusions are as follows:-

(1) The majority of non-science students are-­
familiar with gravity, but their notions are mostly naive._, 

(2) The large majority of General Science and 
Physics students are familiar with gravity. The majority: 
of Physics students have scientific notions, but the 
notions of the General Science pupils are vague in the 
majority of cases. 

( 3) The concept " weight " becomes scientific · 
through the study of Physics in about 56% of 11th · 
and 12th grade cases and in 33 % of 10th grade cases. 

( 4) Non-science students have naive notions of 
weight, the "heaviness" and "number of pounds ,. 
notions predominating. 

. (5) The majority of General Science students have 
vague and popular concepts of weight, but in about 17.: 
% of cases has the notion become scientific. 

(6) The majority of all students examined, non- · 
science as well as science, have erroneous not ions of' 
mass. 

( 7) The formal study of General Sdence or Physics . 
does not appear to change these erroneous notions, on 
tl:e contrary, they are found to a larger extent in the-: 
Science groups. 

(8) The most common notions of mass are weight 
and volume. Density also appears to a significant extent 
ip the science groups. 

(9) The meaning of "quantity of matter" is not 
understood by the Physics students of this study. 

( 10) There is no significant difference between... 
the 11th and 12th Physics grades regarding the types. 
of concepts or the extent to which they occur ; but .. 
there is a significant difference between these wo groups.. 
on the one hand and the 10th Physics grade on the other_ 



CHAPTER VIIL 

CONCEPTS OF EBULLITION. 

It was stated in Chapter 1 that it mattered little 
for the purposes of this study just what concepts were 
to examined. In the selection of a concept from the 
subject of Heat, Boiling or Ebullition was chosen for 
the following reasons :- -

There can be little doubt that every child has some 
time or other seen water boil or has even had occasion 
to boil water himself, and that he has his own idea s 
about the process in consequence of such experiences. 
During the course in General Science or Physics he 
learns ma'ny more facts about boiling which may lea_d 
him to reconstruct his old concept. Since boiling is an 
example of a phenomenon not new to the child when l:e 
enters the science class, it is admirably suited to a study 
in conceptual development. Boiling forms a part of the­
subject matter of both the General Science and Physics. 
courses in pract ically every school, whereas many other 
concepts of Heat are treated only in the High School 
Physics course. 

The general method of procedure of arriving at the­
pupil's-notions was similar to that described in the case 
of weight, mass and gravity. A set of questions consist­
ing of three parts was drawn up, tried out and then 
distributed to Physics students in 10 schools and to. 
General Scierrce and non-science students- in 8 schools. 

The method of recording and classifying results was 
similar to that used throughout this study. A sample of 
the three sets of questions together with a questionaire: 
-sent to the- scien·ce teachers is given below. 
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(Part 1.) 

Fill in all blanks (name, age etc.) before answering the 
questions . 

.Name. . . . . . . . . . . . . . . . . . . . School .. . .......... . ... . 
Age: Years .... months . . .. Boy or Girl. ... Grade ... . 
Are you· now studying Physics?. . . . General Science? ... . 
What text-book do you use? .. . .......... . 

In the following list underline the subjects you have 
studied before, and write after each the grade you were 
in then. 

General Science ( ) Biology ( ) Chemistry ( ) 
Physics ( ) 

DIRECTIONS: Answer each of the following questions 
in the space below it. When_ you have answered all you 
.can, hand in this sheet and you w:ill receive Part 2. 

1. What do you mean by the Boiling Point of a 
liquid? 

2. While water is boiling big bubbles rise to the sur­
face of the water. What is ih these bubbles? 

3. While alcohol is boiling big bubbles rise to the sur­
face of the alcohol. What is in these bubbles? 

4. At what temperature Centigrade does water usually 
boil? 

5. At what temperature Fahrenheit does water usually 
boil? 

DIRECTIONS: Read each of tl.e following statements 
carefully. If you think a statement is correct then write 
TRUE after it. If you think it is false, write FALSE 
after it. Then give your reason for thinking so. DON'T 
FORGET TO GIVE REASONS. 

6. All IiquidS boil at the same temperature .. ... . 
Reason:-

7 . A pound of water will boil at a lower temperature 
than two pounds of water 
Reason:-

8. The longer you heat water, after it has begun to 
boil, the hotter it becomes. 
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Reason:-
9. There is nO- difference between Evaporation and 

Boiling. 
Reason:-

10. Tepid (luke warm) water can be made to boil 
without beating it. 
Reason:-

11. Water will boil at a lower temperature than usual 
in an airship 3 miles high. 
Reason:-

(Part 2) Name ........... . 

DIRECTIONS: Answer each question in the space below 
it. When you have finished, band in this sheet and you 
will receive Part 3. 

1. Water usually boils at 100 Centigrade. Tell what 
you would do to make it boil at about 50 Centigrade. 

2. Tell what you would do tio make water boil at about 
130 Centigrade. 

(Part 3) Name ........... . 

DIRECTIONS: Answer each question in the space below 
it. When you have finished, band in this sheet. 

1. You can get water to boil at about 50 Cent. if you 
decrease the air pressure above it sufficiently; or 
you can get it to boil at about 130 Cent. if you in­
crease the air pressure sufficiently. Tell in detail 
why a change in air pressure causes a change in the­
boiling point of water. 
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QUESTION BLANK SENT TO SCIENCE TEACHERS. 

In order to give a better interpretation to the re­
sults will the teacher kindly supply the following infor­
mation:-

1. Did class study HEAT? . ... .. . . . ...... . 

2. How many weeks ago did class finish HEAT? . .. .. . 

3. Was the topic "Boiling" treated in class? . . ... . 

4. There are tw;o methods commonly used to demon­
strate that the boiling point of water is lowered 
when air pressure is reduced. Please check method 
you used. If neither, please check "no demonstra­
tion." 

(a) By placing tepid water under the receiver of 
an airpump and exhausting. 

(b) By boiling water in a flask, putting on stopper 
while water is boiling, removing flame and 

cooling by pouring cold water over flask .. .. . . . . . 

(c) No demonstration given . 

. 5. Please mention any additional demonstrations you 
gave class on Boiling. 

•6. Did students perform any individual experiments on 
Boiling? Which? 

Teacher .. . . .. ...... . .. . ... . , 

School ... . : ....... . . . .. . . . . 
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Table 42. 

Percentage frequency of responses to question:­
What do you mean by the Boiling Point of liquid? 

I I I I I I I I Grade . . . . . • • . • • I -8 I 
·I Nmnber • • • • . • • • . . loo I 

-9 1-10-12 1 +9 I + 10 + 11 I + 12 I 
96 I 2so I 120 I 86 140 I 125 •. , 

l I 
I :Medinm Ag e 13.101 

I 15.101 I 
14.111 16.8 I 14.11 15.8 I 16.9 I 11 .101 

I 1 
I I I The temperature at I I 
I which the vapar pres- I I 

I 
sure is equal to or I 

. g reater than the pres- I I 
I s ure of the air above it. I I 

.i (or) Vapar tensicn of I j 
J liquid is greater than I I 
I ( equal to ) air pressur<1 I 
I (or ) Pressure in air I I 

__J bubbles greater than air I II 

I pressure . . . . . . . . I 0.0 0.0 

The temper ature whe":. I I 
_ I the ~ressure of the Ji. I J 

I quid is eqnal to (or I I 
· I greater) than the air j 
I· press ure . . . . . . . . I 0.0 I 0.0 

.l When its temperature I 
1
, 

I has r eached 1 oooc or I 
· 1 2120F . . . . . . . . f 2.0 I 4.2 

' I The h ia"hest temperature l I 
_ I it can have <or> hottest r I 
) it can become . . . . I 23.0 I 25.0 

·1 The temperature or J I 
1 paint at which _ it cban- I I 
J ges from liquid to I I 

~ , vapar, (steam) . . . . 17.0 I 20.8 

-1 The temperature or I I 
j paint when bubbles rise J j 
I to the surface . . . . I 31.0 I 20.8 

I •Migce1Janeous I 12.0 I 9.4 

• i No answer . . . . . . j_ 15.0 I 19.8 

I 11
·
9 I I I I I 

I J I I I I 

i I I I I 
I I I I I 
I I I I I 
f I I I I 

I '·' I ,, I ' ' I " ' I "' I 

\ .. J ,. I ..'. .. J 1 •• I 
110.4 114.2 I 12.s · 1 7.9 9.6 l 
I I I I I r 
I I I I I 24.o I 10.8 I 10.5 1 .1 8.o I' 
I I I I I 

I l· I 1 
· l I 

I "·' f "·' I '" / ,.., I ,., I 

I I I I I I 
I 20.8 I 9.2_ I 9.3 I 5.7 I 7.3 I 
I 9.6 fl 10.7 I 16.1 I 2U I 27.2 I 
1 9.6 1L7 I u.o ~ 16.s I 12.o J 
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•(Non-Physics, Non-G.S.) When it cooks. When it 
reached a certain temperature (5.1 % ) . Point or 
greatest heat without ctemical change. Point at which_ 
the air in it is changed it steam. When it boils. When 
it has been heated to 112F or (220,llOF) (212C,120C). 
When it has reached its temperature. The point at 
which it is changed ·to air. 
* (General Science) . When most of the air is evaporated_ 
by heat. When it has reached a hot temperature 
(or) high degree of heat. When it boils. When its 
temperature is 112F (or 212C) .. .. ( 4.2%). The point 
at which if 900 more heat units were put into it, it will 
evaporate. The molecules move so fast as to cause­
bubbling. When it melts. Highest point it can reach 
without chemical change. 
*{Physics). Molecules have expanded so much that 
they cannot hold their places at bottom of other mole- -
cules. Molecules become so active that they fly off in 
form of vapor. (6.6%) Molecules in violent motion 
due to air pressure. Molecules in state of intense vibra-­
tion (2.3%). Point at which it carries off calories. 
Point at which it gives off 537 calories of heat. Point 
where it decomposes and oxygen escapes. Temperature 
at which vapor tension becomes surface tension. When 
air bubbles come to top because when air is heated it 
expands {3.7%). The temperature at wlhich it con­
denses. When it becomes so hot that some is lost in the · 
air. When the atmospheric pressure equals the barometic 
pressure. When the vapor pressure exerted on the­
liquid is atmospheric. Point at which tbe gases boil out -
( 1.1 % ) . Point at which pressure on substance too great 
for molecules to resist. When the air is evaporated · 
from it. When the water vapor of air is less than vapor 
of substance. When it reaches a temperature of 212C' 
or lOOF etc. (2.3%). When it vaporizes very rapidly· 
giving off oxygen. When the molecules jump off into 
the air. When the surface tension is equal to the air 
pressure. Atmospheric. A temperature usually higher-­
than lOOC. The temperature at which the pressure: 
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causes bubbles of air to rise. Temperature when liquid:. 
escane in form of molecules. The point of ebullition. 

Table 43. 

When water is boiling, big bubbles rise to the surface of_ 
the water. What is in these bubbles? 

I I I I I I I I l Grade .. I -8 I -9 r-10.-12 1 +9 I +10 I + 11 I + 12 

I I I I I I I I 
-j Steam, Water vapor, I I I I I I I I Vapor .. .. ...... I 19.o I 2i.9 I 20.4 I 21.s I 41.9 I 38.6 I ss.2 

I 

I Air, (or o:s:ygen) .. I 34.o I 39.6 I 36.o i 26.7 I 41.9 I 53.6 I s1.2 

1 •M:iscellaneous .. .. .. I lo.o I 8.3 I 9.6 I 8.3 ! 6.9 I 1.4 I 2.'.4 

I No · answer . . .. .. I a1.o I 30.2 I 34.o I 17.5 i 9.3 I 6.4 l 7.2 

• (P-12) Non-Physics: Air heat. Carbon dioxide. _ 
Vacuum. Nothing. Heat. Gas. Residue, Hydrogen. Mix­
ture of gases. 
*(Physics Groups) Compound masses of hydrogen. 
Vacuum. Hydrogen (3) Hydrogen and oxygen. Carbon, 
dioxide. Gases. 
*(9th General Science) Liquid. Bacteria. Hydrogen. _ 
Carbon. _Heat. Vacuum. Soap and air. Gases. Carbon 
dioxide. Fumes. Nothing. 

Table 44. 

"While alcohol is boiling big bubbles rise to the surface­
of the alcohol. What is in these bubbles?" 

L I I Grade ......•.•• I -8 

I Alcohol, Vapor, alcohol I 
I steam or gas . . • . I 2.0 

Air (or o:s:ygen) • . 11.0 

I •Jliscellaneous . . . . . . I 11.0 

j No answer . . . . . . j 76.0 

I I 

I I -9 

I 
I I 4.2 

I 29.2 

I lo.4 
I 56.2 

I 

I J 

I 8.0 f 10.8 

I 2i.o I 22.s 

I 1u I 2s.s 

1 su I 43.4 

I I 

I I + 10 

I 
I I 30.2 

I 21.8 

I 11.6 

I 24.4 

I 

I I I +u I +i2 

I I 
I I I 31.4 I ao.4 

I 42.9 I 41.6 

I 1.1 I 8.o 

1 18.6 1 20.0 
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·*(8-12) Non-Physics) Gas or Gases (36% ). Carbon 
-. <lio~de (13) . Hydrogen (12) . Acid. Heat. Fumes. 
- Alcohol residue. Steam. Vacuum. 
*(Physics Groups). Alcohol. Vacuum. Nitrogen. Hydr o­

- gen. Steam, Gases. Heat Energy, Carbon Dioxide. 
. * (9th General Science) . Gases. Carbon dioxide. Hydro­

- gen. Water. Alcohol. Heat. Air and gases. Steam. 
_Nothing. F umes. Liquid. 

Table 45. 

''At what temper ature Centigrade does water usually 
boil?" 

I 
II 

I ~ I I I I 
Grade . . . . . ... .. . 1' 

1 -10· 1 I + 10 
I I + 12 I -8 -9 1-11,-12 + 9 I + n 

I I I I I I I I I 
I 1000, 100 degrees .. I 3.0 1 14.5 I s s.s J 74.2 I s6.o I 81.1 

1

89.6 I 
I Incorrect .. I 42.o 20.8 I 17.6 / 10.0 I 4.7 I 7.9 al I No answer .. . . .. I s5.o I 6-U I 4s.s 15.8 9.3 I 5.0 I a·.2 

· 1 I I I I I I I 

'Table 46. 

"At what temperature Fahrenheit does water usually 
boil?" 

I 
I 1 I I I I 1 
I I I -10 1 I I I I I Grade . . ...... .. I -8 I - 9 1- 11.-12 , +9 I +10 I + 11 I + 12 

I I I I I I I I I j 2120, or 212 degrees I 4.0 I 3.1 I 9.6 I 43.4 I 4t.2 I 63.6 I 68.~ I j In correct .. .. .. __ I 29.0 I 18.s I 14.4 I 26.6 I a2.6 I 2s .1 I 22..c 
I No answer . . .. I 67.o I 7'8.1 I 76.o I so.o I 2a.2 I 10.1 I 8.8 I 
I I I I I I I I I 
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Table 47. 

"AU liquids boil at the same temperature". Why? 

I I I I I I I I +12 I I Grade .. .... .. .. I -S I - 9 ,- 10-12 1 + 9 I + 10 I + u 

I I I I I I I I I I False .. .. .. .. I 49.o I 54.1 I 1>4.o I sa.s I s4 .9 I 91.4 I ~ · 1 True .. .. .. . . .. I 17.o 1 1s .s 1 12.8 I 7.5 I 4.7 I 2.8 I 3.2 
j No choice .... .. .. I 34.o I 21.1 23.2 I 9.2 i 10.4 I 5.8 I 7 .2 - I 

I I I I I I I I I False. Every liquid I I 
I· 

I I I I j has its own B.P. (or) I I I I 
I alcohol, irasoline etc. I I I I I t boils a t lower temp. I I I I 

t han water etc. . . . . I 11.0 1 14.6 I 20.s I 20.0 I 22.1 I u.6 ·31:2 

I I True. Because the H.P. I I I I I I I is 100 degrees <or > I 
6.8 f 4.2 I I I I I 2120 •• .....• ... . 4.0 

J 
3.1 I 1.2 0.7 

I 
1.6 

I Miscellaneous . . .. .. I 5.0 I 9.4 I 5.6 
1 4-2 I 4.7 I 2.1 1.6 l ,, 

No - reason .. .. .. I 80.0 I 12.9 I 66.8 71.6 I 12.0 I 53.6 I 65.6 .. i 

I I I I I I I I f 

• 



124 Development of Physics Concepts in H .S. Students_ 

Table 48. 

"A pound of w,ater will boil at a lower temperature than 
two pounds of wtater. Right or wrong?" 

I 
I 

I I I 
j Grade .. 

I I -10 I 
-s I -9 r-11.-12 +9 

I Statement right . . 

j Statement wrong . . . . 

j No answer ..... • 

145.0 

1

43.0 

12.0 

I I 

I 
REASONS: 

Boiling point of a li-

I quid doea not depend on 

I amoll?lt of liquid. 1 lb. .l 

I ot water will boil at I 
same temperature, but j 

j sooner . . . . . . . . • . j 18.0 

I 
Right, becanse it does I 

. not take so long to boil j 
I 1 lb. as 2 lb. . . . . • . I 24.0 

I Miscellaneous . . . . . . I 9.o 
j No reason given . . . . j 49.0 

I I 

I I I I 20.8 I 31.2 I lU 

I 41.7 I 60.0 185.8 
I s7.5 I 8.8 o.o 

I I I 
I I I 
I I I 

I I 
I 2i.9 1 48.o 74.1 

I ! 
14.6 I 21.6 I iu 

I lo.4 I 1.6 I s.s 
I ss.1 I 23.8 I 10.9 

I I I 

I I I 

I +10 I + n I +12 

I I I 

I 
8.1 I io.o I 10.4 

87.2 L 88.6 1 88.o 
J _ 4.7 I 1.4 1.6 

I I I 
I I I 
I I I 
I I I 
I I I 11 

I I I I 82.6 I 81.4 I 84.0 I 
I 8.1 I 7·1 I 6.4 L 
I 2.a I 2.1 I 2.4 I I 7 .0 I 9.4 I u l 

• 
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Table 49. 

· "The longer you heat the water after it has begun to boil 
t he hotter it becomes." 

I Grade .......... - I' -8 II - 9 11-10-12! +9 I + lo I + 11 l + 12 I 
i--- I I I I I I I I 

_, False . . . . . . I 19.0 I 22.0 I 32.0 I 50.0 I 59.3 I 83.6 I 81.6 I 
True . _ • • . • . . . . I 39.o I 33.3 1 21.2 I 19.2 I 16.3 I 10.1 a 9.6 

[ No choice . . I 42.0 I 43.8 I 40.8 I 30.~ I 24.4 I 5.7 I 8.8 I 
I I I I I I I I ·1 

I :~ONS: I '1 ', '1 11, _I, ll ·i I 1. Heat changes it to I 
1 I steam but does not I 

I change its BP. I I I I I I I t 
·1 BP cons:nt, more II 

1
1
1 

1
/ 

1

1 II 

1
1
1 

,1 .,,' 

I heat won•:r raise it I I 2 I I ) ' I I 
j BP increases with I I I I I ! I I 

1
1 FP::~ure not with '1 1, 12.5 11 18.0 I I I I II . , lo.::er heating - . . • 3.0 I 38.4 I 46.5 I 68.6 I 70.9 . , 

I 1, I I l I I 
j 2.TheBPisthe l j I TT j 
I hottest it can be- I I I I I I I I I ;: . . . . . . . . . . -I 7.0 I 16.7 

111 

9.6 I 6.7 I 8.1 

1 
5.7 I 2.4 I 

I 3. Because the more I I I 1, 1' 1 I T l I yon heat a thing the J I I 
I hotter it becomes (or) I I I I T I I 
I the greater its temp. I 29.0 I 14.6 I 19.2 111. 7 1- 11.6 I 3.6 I 4.8 · 

I •Miscellaneous . . . . I 7.0 T 4.2 I 4.8 5.8 I 3.5 , 1.4 I 1.7 I 
~I N o reason . . . . . . I 54.0 I 52.0 I 29.4 I 37.4 I 30.3 I 20.7 I 19.9 
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* (-8, -12). No, because the longer it boils the less. 
heat there is. Wrong, the heat always comes the strong­
est at first ( ??) Right, if you make a bigger fire it will 
get hotter. Right, if heated longer it will keep on boil­
ing until all is gone. Wrong, it would blow up if boiled 
too long. Right, because the more gas escapes the higher 
the boiling point will be . of what is left because there· 
won't be much of it. It does not get hotter but evap-­
orates more quickly. 
* ( + 9th). Right, more heat can get to the water that 
is left: The longer it boils the higher it rises. The more · 
heat the more temperature it gets. If the flame is kept 
low the water will have a higher temperature without 
boiling. Because bubbles of air still continue to rise 
and burst. 
Wrong. The heat is not hot enough. Boiling Point is . 
the minute it begins to boil, not after it has been boiling­
f or some time. 

*Physics Groups. 
Right. Because of the latent heat. The longer it boils . 
the more heat goes into it , t lierefore, its Boiling Point 
would be higher. 

Wrong. Only 536 calories are required to boil water. 
Boiling, or evaporation is a cooling process. The calories:. 
increase, not the temperature. 
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Table 50. 

''There is no difference between evaporation and 
boiling". 

I I I Grade .. ... . . . .. I -8 

I I 

I 
. False . . I 32.0 

True . . . . . . j 48.0 

j No answer . . I 20.0 

I I I REASONS: I 
j 1) Boiling occurs at a I 
J definite temp. E vapora- J 

j t icn at any tempera.. T 
I ture. (or) I 
J 2) Belling takes place 

I 
throout liquid, evap. j 

only an top. (or) - I 
j 3 ) When water boils it j 
J .is evaporating but when I 
j e vaporating it is not j 
j h<'ilin g. etc. . . . . . . I 2.0· 

l N o difference becaus e I 
I in both cases liquid j 
j changes to vapor . . I 11.0 

1 *Miscellaneous . . j 38.0 

I N o reason . . . . j 49.0 

I 

I I - 9 

I I 33.3 

I 29.2 

I 37.5 

~ 
I 

I 
I 

j '' 
I I 14.6 

I 21.1 

I 53.1 

I 

I I I I I : 
1-10-121. + 9 I + 10 I + 11 I + 12. ! 
I J I I l I I 45.s I .62.4 I 79.1 1 89.3 f- 91.2 I 
I 2i.6 I 18.3 ! 9.3 l 9.3 l 12 •

1

:­
I 32.s I 19.3 I 11.6 I 1.4 I i.s 

I I I I I ·1 
I I l 1

1 I j. 

I t ~ 1 r 1-

I I 1
1 

,I I I 
I I I I 

I I I I I I 
I I I I I i 
I 12.8 127.5 I 60.5 171.4. 170.4 /. 
I 1, ,- I I I 

r 1 r ' I 8.4 I 8.3 l 4.7 I 3.6 I 4.8 I 
1 

35.6 I 23.3 I 16.2 I lo.o 7.2 I 
I 43.2 I 40.9 I ! 8.6 I 1s.o 111.6 I 
I I I I · I ------'---'-

* (-8 -12). True. When water evaporates it rises fn 
the air, when it boils the same. If a thing boils · long 
enough it will evaporate. To evaporate water you have . 
to boil it. When water boils it slowly evaporates until 
nothing is left, so boiling is the same thing. Evaporation 
is to take something out of something. If a garment iS . 
b(jiled in water it will take out a stain. When water boils 
it evaporates a little at a time. Evaporation is gas 
escaping at its· will; boiling is gas escaping against its- ' 
will. Evaporation is a slow process of boiling. Bolling -
is evaporation at a much higher rate. Boiling water ·· 
steams and gradually evaporates. Heat distills the water ·· 
into steam, in eitl:er case. In both boiling and evapor-
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-ation the water disappears. In evaporation water dis­
~ppears in the air, in boiling it does not but reamains 
where it is. Evaporation is rising of steam and evapor-

-ation is driving o~ of bacteria and .l!ases out of fr.~ 

water. Evaporation is tlrawing W'ater to the sun, boil­
·ing is heating to a certain heat. Because heat causes 
evaporation. When water boils part of it evaporates 
into the air. The longer YoU boil the less you have, the 

·.same for evaporation. 

Wrong: When water evaporates nothing is left, when 
_you boil it you just heat it. Evaporation means to go 
-off. Boiling means to go up and down. In evaporating 
.liquid disapp€ars in boiling it evaporates into steam. 
Boiling is something hot, evaporation means something 
disappearing. Boiling turns water into steam. Evapora­

-tion turns it to vapor. Evaporation changes water to steam. 
Boiling heats water until it gives off carbon dioxide. When 
water evaporates it dries up naturally, when it boils it 

"is like dancing water. When things boil they do not 
always evaporate. B{)iling needs heat. evaDoration needs 
·no heat. Evaporation means moisture dries up quickly. 

( + 9th) G.S. True. If you boil it it eyaporates slowly. In 
both cases something disappears. In evaporation it is 
above a certain temperature, when it boils it is at a certain 

·temperature. Boiling is slow evaporation, otherwise the 
·same as evaporation . Liquid e~aporates in both cases. 
-When a liquid evaporates it disappears into the air, when 
· it boils it stops where it is and does not evaporate. When 
you evaporate water it gets hotter. Same as if you boil 

"it. 

Wrong: You first have to boil water before it evapor­
.ates. Boiling can be seen, evaporation cannot be seen. 
Evaporation is caused by air, boiling is caused by heat. 
When something boils it is hot, when it evaporates it 
·disappears. Evaporation is absorbed by air, boiling is 
·bubbles rising and l::ot. Evaporation is caused by boiling 
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:for a long time. When something evaporates nothing is 
left, when it is boiled it just heats. 
(Physics groups) . 

Right: Because when a liquid boils it evaporates. 
Because the more calories you put into it the more is 
:given off. Boiling is just rapid -evaporation. 

Wrong: Boiling requires heat, evaporation does not. 
When a liquid boils the steam is visible, when it evapor­
..ates it is not. 
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Table 51. 

"Tepid water can be made to boil without heating it". 

I I j Grade . . . . . . j --8 

I I 
j Statement true . . . . 1 14.0 

j Statement false I 43.0 

l No answer J 43.0 

I I 

I 
REASONS: 

1

, 
1) By decreas '.n g the 

pressure en it. Hy de-

J creasing atmospheric I 
'f press. B.y putting it in ,1 

j a vacuum . . . . . . . . 0.0 

j 2) Br putting it in a I 
J flask, closirtg the flask 

l and pouring cold water I 
j over it I 0.0 

I 3) False, because heat I 
I is n ecessary to boil water I 28.0 

I 4) •Miscellaneous . . I 5.0 

I 5) No reason . . I 67.0 

I I 

I J 
- 9 1- 10-121 +s 

I I 13.s 

I 48.9 

I 37.6 

I 
I 
I 
I 
I I o.o 

I 
I I o.o 

I I 21.1 

I s.2 

I 67.7 

I 

I I I 20.0 I oo.o 
I 48.0 I 15.7 

I s2.o I 34.3 

I I 
I I 
I I 

I I 
~ 5.2 l 11.i 

I I 
I I 
I I I o.o 1 7.5 

I I I 31.2 I 18.3 

1 
6.s I 24.2 

I s6.s I 36.7 

I I 

I I I + 10 l + u 

I I I ss.8 t 12.1 
I 14.o 17.1 

1 
S0.2 r 10.s 

I I 
I 
I 

I 
I I I 11.6 I 32.1 

I I 
I . I 

! 23.2 I 22.1 

I 
9.3 I 19.s 

10.5 '7.1 

45.4 I 19.4 

I 

1 +i2 I 
I 11 · 

1

70.4 

18.4 

·1 11.2 

r I 
[ "' I 

r r 
1

23.2 I 

I n.6 I 
I 8.8 I 
' 21.0 

I 
* (-8 to -12). By covering up the vessel. Add chemicals 
(or medicines) . Evaporate it. It cannot be done a s 
heat is necessar y to make it hot enough to boil. Reduce 
temperature of the air. Use liquid air. Put it in the 
strong sunlight. 
* ( + 9). Put acids or chemicals in it. Put it on the ice. 
Put it in the sunlight. It can be boiled by evaporation. 
Go up a high mountain. Heat is necessary for boiling, 
without heat there can be no boiling. 
* ( + 10, + 11, + 12). Increase pressure. Apply pressure 
to the container. Heat the atmosphere. Its specific 
heat is low and can easily be heated by the sun. Impos­
sible without heat. Apply cold water to the container. 
By constant stirring. Placing ice in it which gives off 
enough heat. Place cold wet rag round the bottle with 
water in it . Go up a high mountain. Go down a mine_ 
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Table 52. 

"Water will boil at a lowei· temperature than usual in an 
airship 3 miles higl:." 

I I I i I I + 12 
I 

Grade .. .. .. .. I - 8 -9 1- 10-12 +9 I + to I , 11 I 
I I I I I I I I 

True .. .. .. .. .. I 16.o I 14.6 I 25.6 I 66.7 I 16.8 I s9.3 I 88.o I I 
False .. .. .. . . .. I 2s.o I 36.5 I 30.4 I 23.3 I 12.8 I 8.6 I 10.4 I 
No answe r I 56.o I 48.9 ·1 44.0 I 10.0 I 10.4 I 2.1 I 1.6 I 

l I I I I I 
1. REASONS: I I I I I I 

Air pressure Jess h igh 

I 
I I I I I I I 

up in air .. .. .. .. 0.0 i 0.0 I 3.6 38.3 I 55.8 - 80.7 I 1s.4 I 
Air pressure is greater I I I I I I 
up in air .. . . .. . . I 0.0 I 0.0 I 2.0 I 5.S 4.i 2.8 I 4.0 I 
Because temperature is I I I I I I I 
lower 3 miles u p o r it I I I I I I 
is cooler u11 there .. I 1a.o I 10.4 I 13.6 I 15.o 8.1 2.1 I 1.6 I I 
*Miscellaneous .. .. .. I 15.o I 21.9 l 15.2 I 1s.9 I 5.8 2.4 I 2 .3 

No reason .. .. .. I 69.o I 61.1 I 65.6 I 2s.o I 23.a 12.0 1 l a.1 

I I I I I I 

*Non-Physics: More wind high up. Warmer high Up. 
Speed of airship very great. Water won't boil any 
quicker in airship. The higher you go Up the longer it 
takes for water to boil. Because it would boil at a higher 
temperature. 
"'Phvsics: Boiling Point increase as you go higher. 
Boiling Point is higher on top of a mountain, 
therefore, it must be higher in an airship 3 miles 
up. Height makes no difference of B.P. of water. 
Density of air is greater. B.P. is lower. Greater 
altitude. Air is cooler. Pull of gravity not so great. 
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Table 53. 

"Water usually boils at I00°C. Tell what you would do to 
make it boil at about 50°C." 

I 
Grade .. .. · · ·• j - 8 

I I I l) Reduce pressure I 
I above it (or) 

j 2) Put in r eceiver and 
1 exhaust air · · · · · · I 0.0 , . I I Boil in flask. put m 

I stopper. Cool with water I 0.0 

j • Miscellan eous . • . . . . I 36.0 r No answer . . . . . . I 64.0 

I I 

I 
I 
I 
I I o.o 

I o.o 

I 22.9 

I 77.1 

I 

I I I 
i -10-12_1 +9 I + io 

I I I 
I I I 
I I I 
1 3.2 J 26.6 I 38.4 

I I I 
1 

o.o I 9.2 I lo.s 

I 36.8 1 ss.o I 29_1 I 60.0 I 29.2 I 22.0 

I 
I +u 

I 52.9 

i I 1s.1 

I 21.1 

I 4.3 

r 

I 

I i 4s.o I 

I 2s.6 t 
I 2i.6 

I 4.s 

i 

* (-8, - 12). Put in closed vessel and do not heat so 
much. Heat it for half the time or do not heat it so 
long. Take less water and put on a lower fire. Add 
cl:ernicals or acids. Put ice in it and then heat. Put it 
on a very strong flame so that it will heat quickly. Take 
it to a very cold place and then boil. Take it up a moun­
tain. 
*(General Science). Put on more pressure and heat. 
Add chemicals or acids. Add substance with a lower 
boiling point for example sugar. Don't let it boil so 
long. Take more water and less heat. Put it on a low 
flame. Boil it in an air tight vessel. Take it up a high 
mountain. Take it below the sea level. Put a wet rag 
-0ver the flask (or) squeeze water from a sponge over 
flask. 

*(Physics Groups). Increase the atmosph eric pressure 
.and heat. It cannot be done as the Boiling Point is 
-constant. If water is put in a closed flask and a wet 
rag then put over it, it will boil a t a lower temperature. 
Boil and cool. Put it in a flask and attach by tube to 
.a calorimeter. 
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Table 54. 
"Tell what you would do to make water boil at about 

130°C". 

1' 
I I I I I 

I +12 
1 I l 

Grade .. . . .. . . - 8 I -9 1-10-121 + 9 I + 10 ; + tl 

I I I I ! I I I Boil it under pressure. I I 
I I I I I 

Increase pressure on it. I i I I I I 
I Boil it in a closed I I I I I 

1 76.4 1 73.6 
l 

I vessel . . .. .. . . I 0.0 I 0.0 I 0.8 I 31.6 I ss.1 I I Put more heat under I I 1 I I I I I I I it. Heat (boil) it longer J 38.0 I 3- .3 I 4o.o 1 19.2 I 5.8 I 5.7 I 4.8 I I •Miscellaneous . . .. . . I Il.0 I 13 .5 I 11.2 27.5 I 20.9 I 5.7 I 8.8 I I 

I No answer .. . . .. I 51.o I s4.2 I 4s.o I 2i.1 I 8.2 1 12.2 I 12.8 

~ I I l I I I l I 

*Non-Science: Put in a vessel with no top. Add 
chemicals. Give gradual heat, take it to · the top of a 
high mountain. Heat longer. Put in ice. Reduc~ 

temperature of the air. Heat it underneath and cover 
the top. Freeze it first. Add chemicals that boil at 
about 130. (Specifically stated: sugar, alcohol, salt). 
Boil in a vacuum. It cannot be done as water always 
boils at the same temperature. 
*General Science : Add chemicals (2.4%). Put in a 
vacuum. Put on ice. Heat very quickly with a very 
strong flame. Take it to the top of a high mountain 
(9.2% ). Go to a low level (5%) . Boil in a deep 
pan. Add more water. He~t it t o about 1700 and then 
let it cool. Take away more heat. Take less water. 
Make flame higher and add more water. 

*Phys ics: Go up a high mountain. Decr ease the pres­
sure (and heat). Heat water several times. Increase 
pressure in the water. Put in flask and attach by tube 
to a calorimeter. Apply pressure by using a wet sponge 
with cold water. Raise pressure by heating it more. Put 
pieces of glass in the water. It is impossible to boil 
water at 1300. 
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Table 55. 

Tell why a change of air pressure causes a change of the 
boiling point _of water. 

I l I I I I I I + 12 I I Grade .. .. .. .. I -s I - 9 1- 10- 12 1 +9 I + io I + 11 

I I I I I I I l I 
I Correct•• .. .. .. I 0.0 I 0.0 I 0.0 

I 
0.0 I 4.7 I 14.3 1 16.8 

I The bubbles ca n rise I I I l I 
I more easily when there I I I ., 

1 is not so much pressure I I I I I I 1 en it. (or) Molecules I I 
1 20.9 1 19.3 l 

can jump out o f it I 1.0 I 0.0 .J 2.6 I 10.S I 2i.6 

Because the B.P. o f 

I I I I I I 
I water depends on a ir I I I I pressure, the less, the I I I I I. lower the B.P. and vice I I 

1 14.2 
I 

I versa .. .. . . .. 0.0 I 1.1 I 4.4 ll.6 I io.1 12.0 

I It does not take so I I I I 
I Jong to come to t he boil 3.0 

I 
5.2 I 8 .0 1 15.8 

I 
7.0 r 4.3 

5.6 

J *Miscellaneous .. .. I 8.0 
9.4 I 1 i.2 14.2 9.3 15.7 12.8 

I No response .. .. ' 88.0 I 84.a I 73.8 i 45.0 I 46.5 I 35.7 I 31.2 

*(-8-12). It is not so hard to heat it. The fire burns 
easier. The air won't be too cold then. The steam will 
be visible sooner. There is less air to boil out. The air 
escapes easier. Oxidation will be easier. The heat is 
less. 
* ( + 9). The air is fi.rier. Because the pr essure is 
different . It requires much less heat. Molecules will 
heat quicker. It would be the same as taking it up a 
mountain. Because of t he pressure. The air escapes 
more easily. 
* ( + 10) . Makes its specific h eat greater. It condenses 
t he steam and raises the B.P. Increases the r esistance, 
therefore, higl:er Boiling Point . Because of the pressure 
inside the bubbles. 
* ( + 11, + 12). Molecules have greater space in which 
to vibr'.lte with less pressure (3). If pressure is greater 
·it will be warmer. Water will boil quicker. Molecules 
nave greater velodty with increased pressure. Harder 
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for molecules to become heated. Bubbles of oxygen will 
form sooner and go off with less pressure. Less heat 
will be used to make a lower pressure of vapor. Pressure 
of liquid has not got to be so great to equal that -0utside. 
Water vaporizes more easiiy when pressure is less. Less 
resistance to steam with less pressure. The bubbles have 

·a better change to form at a low pressure. Pressure of 
air in bubbles must equal pressure of air outside. Steam 

·not condensed so easily with low pressure therefore, 
lower Boiling Point. Water molecules on top can fly off 
easier. Easier for molecules to get heated. Air and 
water molecules can mingle more easily with less 
pressure. Air vapor in water can raise to top more 
easily when pressure is less. With less pressure less 
resistance is offered. When presure is low the vapor 
pressure becomes higher. 

**(With less air pressure the pressure of the vapor will 
exceed the air pressure at a lower temperature than with 
normal a ir pressure (or) Vapor pressure (tension) will 
have to be greater to equal air pressure, therefore, vapor 
will have to be heated to a higher temperature. (or) 
With a lower air pressure the vapor pressure will be 
greater than the air pressure sooner.) 
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SURVEY OF RESULTS ON BOILING. 

Question I of Part 1 gives every pupu a chance to 
define Boiling Point in any way he p1eases; there is little 
control over the response. The large majority of non­
science and General Science students make use of one or 
more of the obvious qualities of boiiing water in their 
definitions; these are (a) the rising of bubbles; (b) the 
giving off of steam; the changing from liquid to steam; 
(c) the temperature (heat, hotness) when it is boiling. 

The Physics students also define in this way but 
to a lesser extent. About 10 % of + 10th and 25 % 
of + nth and + 12th graders associate boiling point 
with (a) atmospheric pressure, or with (b) molecular 
theory, although many of these notions are very vague. 
In the non-science groups such associations are not found 
at all. 

The results given in Tables 47 to 50 show that many­
non-science students are familiar with facts such as the 
boiling point of water, the fact that different liquids 
have different boiling points, and so on. There are, how­
ever, some erroneous notions held not only by these 
students but also by the science students which have to 
be noted. 

(1) Non-science pupils appear to think of ''temper­
ature" and "time of boiling" as equivalent. Thus 24ro. 
of -8th graders think that a pound of water will boil at 
a lower temperature than two pounds of water because 
it does "not take so long'' to boil one pound as two 
pounds. Almost 12% of + 9th graders also think so. 
This notion is found even in the Physics grades, although 
to a smaller extent. The notion is again found in 
responses to the question as to how to boil water at 50G 
or 130°. Here again the most common non-science­
method is to "heat it for a shorter or longer time". · It 
probably would not be very difficul:t for science teachers­
to cope with this misconception if they knew of its pre­
valence. 
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(2) That tl:e bubbles in boiling water or alcohol _ 
contain air, oxygen, hydrogen and what not is the idea 
of a suprisingly large number of students, both non­
science and science. 54 % of 11th grade Physics stu- -
dents who studied the topic "Boiling" readily say this. 
It probably is not learned in the Physics class, for about 
40% of -9th graders also think so; nevertheless it 
is r etained. Further reference will be made to this in 
a later chapter. 

Differences between the science and non-science 
grades increase when those questions, in which the rela­
tion between boiling point and air pressure is involved, . 
are considered. By placing in one table the correct 
responses to those questions, (Part I No. 11, Part 2, 
Nos. 1 and 2) for t:te various groups and taking an 
average, it is possible to get an idea of how familiar this 
relation between boiling point and air pressure is. 

I Grade . . . . . . . . II -8 II -9 ,
1
- 10- 12 1 +9 I + 10 I + 11 I + 12 

I Part 1, No. 11 . . . . I o 1

1 

o I 3.6 II 38.3 I ss.8 II 80.7 1 78.4 

I Part 2, No. l · . . . • I 0 0 I 3.2 35.8 I 48.9 68.6 I 73.6 

I Part 2, No. 2 . . . . I 0 j 0 I 0.8 I 31.6 I 65.1 76.4 I 73.6 

I A ,·erage . . . . . . . . I 0 1 0 I 2.5 I 35.2 f 56.6 I 75.2 j 75.2 

From the summary just given it appears that with 
the exception of a few cases in the - 10, -11 and -12th 
grades, non-science students do not know of the r elation. 

The purpose of Part 3 of the test was to determine 
whether pupils knew just why the boiling point is af­
fected by external pressure. The 'correct' explanation 
given in Table 55 is really the only one of those advanced 
that could be accepted as an adequately scientific notion. 
Such explanations as " The bubbles can rise more 
easily" or "The molecules can jump off more easily" fail 
to account for the decreased or increased temperature of 
boiling, and the writer r egards them as vague. It would 
then seem that, although the majority of Physics students 
are familiar with the relation beween air pressure and 
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b~Hmg point, few can account for it. No General Science 
-student and only about 5% of + 10th .graders can do 
-this. 

Question 10 of Part 1 was originally included in the 
·test for the purpose of determining to what extent stu­
, dents had broken the strong association of boiling with 
heat, for a scientific notion of boiling need not have this 
.association involved. The results show that non-science 
students have not severed this relation; to them the idea 
.-0f "cold boiling water" would probably seem incongruous. 

An unexpected notion brought to light by this ques­
tion was that tepid water can be boiled without further 
heating by pouring cold w~ter over the container. Phy­
sics teachers probably could advance an explanation of 
this in terms of t he common experjment they perform to 
demonstrate that boiling is lowered under decreased 
pressure. The questionaire that was returned with the tests 
showed that of the 10 Physics classes 7 had seen demon­
.stration (b), 1 demonstration (a) and 1 both demon­
strations (a) and (b). These demonstrations are ex­
plained in t he questionaire at the beginning of this chap­
ter. It was not possible, therefore, to compare results 
of groups that had (a) with those that had (b) as only 
-one small Physics class had had demonstration (a). This 
-errcneous notion will be examined again in Part 2 of this 
.study. 

What then do the results of these test questions 
reveal? 

(1) Non-science students have naive notions of 
Boiling. Their notions involve tl:e common qualities of 
boiling water which are (a) the bubbles rising, (b) the 
temperature (heat, hotness) of water when boiling, (c) 
the giving off of . steam. Relations of boiling with air 
pressure have not been formed. 

(2) Although non-science students have vague no­
tions of Boiling, an appreciable number are familiar 
with several facts concerning the process such as the 
constancy of the boiling point (pressure neglected), 
ooiling point is independent of the mass of liquid, etc. 
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(3) Non-science students seem to think of "tempe­
rature of boiling" and "time of boiling" as equivalent . 

. Another erroneous notion, which is the most common one 
in both science and non-science groups, is that the bub­
bles in boiling liquids· contain air, oxygen, etc. 

( 4) At least 35 % of General Science students have 
formed the "Boiling point-air pressure" relation although 
no student has a scient!fic concept of the relation itself. 

(5) Th2 majority of Physics ~tudents have formed 
-this "Boiling point-air pressure" relation but a small 
minority have a scientific notion of this relation itself. 

(6) Taking into account all the results, there is no 
significant difference between the 11th and 12th Physics 
grades. These two groups, however, are superior to the 
10th Physics grade whereas the latter is superior to the 
9th General Science grade. 

(7) No notion, scientific, vague or erroneous, is 
peculiar to only one non-science or to only one science 
grade; tl:e only difference being the extent to which it 

, occurs. 

(8) Although a concept which involves t he relation­
ship between boiling point and air pressure is more scien­
tific than one which uses obvious properties of boiling 
water, the use of such a concept is limited unless the re­
iation involved is understood. Consequent ly such concepts· 
of General Science and Physics students, which were ta­
ken to be scientific in this study, are not fully developed 
~xcept in the cases classified as correct in Table 55. 



APPENDIX TO PART I. 

SEX DIFFERENCES. 

For the purpose of this study there was no special:. 
selection of pupils excepting on the basis of whether 
science had or had not been studied. Students were drawn 
from many schools in order to render factors such as in­
telligence, methods of instruction etcfu~s constant as poSo-
sible. hey ~ 

Since many investigations have under e:-fferences in 
ch. t b t ho d . l}lled with th. t t . a 1evemen e ween ys an g1r ( ~ .l.l.. , .,..,.o .. _e es s in 

favor of boys, it probably wowd ha~e been desirable to 
have equivalent numbers of boys and girls in the science 
and control groups. This was not practicable, and the 
composition of the non-science groups had to be taken as 
found. The composition of the groups used in this study 
twas as follows : 

Non-science Gen. Science. Physics. 
Boys . . 59% 52% 67% 
Girls 41 % 48% 33% 

Although the groups are not equivalent, differences 
are not so great as to make, for instance, the General 
Science students predominantly boys and the correspond-­
ing non-science largely girls. 
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Table 56. 
SEX DlFFERENCES IN PERCENTAGE FREQUENCY OF RESPONSES TO QUESTION ON 

ACCELERATION. (See Table 1.) 

Gl'ade . . . . . . . . . . . . 6-8 -9 - 11 -12 -9 -11 -12 
Boys 62 64 83 103 9,2 

Girls ..... .. .. . . . . . 

52 

48 

65 

40 52 46 59 47 39 

1. Rate of change of speed 

2. "Picking up of speed" 

3. Speed (or) r ate of speed 

4. Power, force, strength 

5. Miscellaneous 

6. No response 

B G B G 

0.0 0.0 0.0 0.0 

0.0 0.0 3.1 2.5 

B 

0.0 

4.8 

G 

0.0 

0.0 

B B 

0.0 0.0 

1.9 4.3 

B G B G B G 

1.2 0.0 33.9 29.8 34.8 35.9 

7.2 8.5 5.3 6.4 6.5 2.6 

36.5 35.4 43.1 30.0 45.2 38.5 42.6 39.1 45.8 39.0 31.1 34.0 32.6 35.9 

32.7 20.8 23.1 20.0 16.1 11.5 11.1 10.9 22.9 17.0 3.9 4.3 3.3 0.0 

3.9 10.5 7.6 15.0 9.7 19.2 13.6 6.6 7.2 8.4 20.9 12.8 19.6 17.9 

26.9 33.3 23.1 32.5 24.2 30.8 30.8 39.1 15.7 27.1 4.9 12.7 3.2 7.7 

:;:: 
~ 
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This table giving the results on Acceleration is fair­
ly representative of the remaining tables. Because of the 
small numbers of boys and girls in each group it is hard­
ly possible to generalize. For the students and concepts 
treated in this study, however, the following conditions 
were found to exist:-
(1) No prevalent scientific, vague or erroneous notion 

was held by pupils of one sex exclusively; a notion 
that was generally held by boys was also held by 
girls. The only noticeable difference between the sexes 
was that a slightly larger percent of boys appeared 
to hold a particular notion. It may be that this is 
due largely to (2) below. 

(2) 

(3) 

The percent of girls not responding to a question was 
generally greater than the corresponding percent of 
boys. In the wi·itten essays tt..is difference was a 
minimum. Attempts to explain this would probably 
have to take into account the question of relat~ve 
interests of the sexes. 
In may instances the smaller percent of girls giving 
a particular response appears to be due to the lat ger 
percent not making a response. Of course the very 
fact that more girls do not respond, that is, are 
unable to expr ess their notions, means something. 
A student must be able to express his concepts as 
well as to us them. 
Two differences that would have an importa nt bear­

ing on the results of this study are, firstly the extent to. 
which any concept has deveolped, and secondly, the types 
of notions held. It was found, however, that when a con­
cept was scientific to the majority of boys it was so to 
the majority of girls too; that is, sex differences were· 
not great enough to place boys and girls in two classes 
on this ·basis.: It was also found that there are no types 
of notions peculiar to girls only, which means that the­
composition of tl::e various groups could hardly have· 
affected the notions found. 



PART II. 

Experimental study of the Formation- · 

of some of the Concepts treated in 

Part I. 



CHAP'l'i~ IX. 

EXPERIMENTAL TEACB:ING. 

In Part l of this study ~~re given the notions held 
:by children who have and wllO have not studied General 
.Science or Physics ; an estiJllat:e of the extent to which 
any notion occurs having been determined by examina­
tion of responses to various Cl.. ~e:,iions_ These questions 
were answered by pupils u:rider ordinary school con­
ditions. No real attempt was tnade, ho.-wever, to account 

·for the occurence of any particular erroneous notion, or 
for the small percentage of stl.l..dents w;:tio hold particular 
scientific concepts--the resu}ts were _just given as re-

. presentative of existing notjon..s. 
It may be claimed, ho~e"7er, that Genel"al Science 

students cannot be expectecl to hol.d scientific con­
cepts of Heat and Light "'1s the -treatment of these 
subjects is very elementary e.~ compared to the way the 
same subjects are studied iJJ t:lie Phys:ics coui-se; it may 
even be said that certain eSS~ntial subject :rnatter may 
not have been treated in tbe Cffieral Sceince course at 
all. In other words, the questl.on of ~ethod and subject 
matter may be involved. 

!Although such may be tll~ case, tlie results of Pai:-t 1 
·are still significant in that t:::bcy represent the notions 
children hold under existin~ conditions of teaching. 

·To answer the question "V~s the study of General 
- ~cience give a child a scieJ'.ltliic cone'Ept of Light?" we 
nave to take General Sciell~e pupil.s as they are. The 
·same holds in the case of pb~sics stu.'1ents. 
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As it is impossible to examine pupils individually re­
:garding the prevalence of any notion or to trace the ·effect 
•of method on notions that are ultimately formed when deal­
ing with a large number of pupils drawn from various 
·states, it was decided 'to experiment with small groups 
and even with individuals under controlled conditions 

-of teaching . 
. , 

. The concept which a pupil develops probably depends 
·on a number of factors of which the teacher and the text­
book may only be two; the problem of accounting for the 
formation of any concepts, therefore, is really a matter of 
personal observation of pupils during actual instruction 
in the classroom. 

In this part of the study \\ill be given the results of 
.such experimentation regarding some of the concepts 
treated in Part 1. These are Dew formation, Heat, Light, 
Mass, Weight, Gravity and Boiling. 

The groups used in experimental teac_hing may be 
described as follows : 

A class of 29 girls in a private school in New York 
City were to begin the course of Physics in October 1923. 
The class was composed of 11th and 12th graders aud 
was divided, for teaching purposes, into two groups of 15 
and 14 each on the results of the Otis Test-Higher 
Exam. Form A, in a manner as shown in Table 57. The 
original group met five periods per week of forty 
minutes each, but during experimental teaching each 
group met only three periods per week. No home study 
was done--all studying being done in the school study 
·hall. 

These groups are rather small but nevertheless they 
·have a!l advantage over ordinary classes, such a s the 
groups to be described later, in that they were formed 
especially for the t eaching experiment, whereas in large.r 
schools groups have to be taken as found and cannot 
usually be divided to suit the purpose of research because 

--of administrative difficulties. Moreover , for teaching of 
"this nature it was preferable to ha Ye small groups for 
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purpose of individual observation. In referring to these 
groups they will be called " IIX" and "IIY". 

In September 1924 the writer was engaged to teach . 
General Science in the New Rochelle High School and 
was, therefore, in a position to repeat and add to the ex­
perimental teaching of 11th and 12th Grade pupils in 
1923. 

The pupils consisted of boys and girls just entering 
the 9th Grade of High School after graduating from th e 
8th Grade of elementary schools. 

In teaching these groups, however, the writer had 
to take t l:em as found and i t was not possible to re­
classify pupils because of administrative difficulties. 

The pupils had all taken the Dearborn Group Intelli­
gence Examination before entering High School ; it was~ 
ther efore, possible to find out how nearly equivalent th e­
groups wer e for teaching purposes as far as intelligence 
is concerned. 

Teaching of groups began in September 1924. Each 
group met six periods of forty minutes each per week, 
one period being devoted to supervised study. The groups 
also differ from tl:e two 11th and 12th Grades in that 
they wer e not constant throughout the year, although 
they r emained intact for every teaching experiment. In 
the Winter Session, the two groups were ·composed of 22 
and 26 each; due to a few changes and absences, how­
ever, they were ultimately 21 each. 

In t he Spring Session a change (administrative) 
was made which partly mixed the groups and partly de­
creased t he number of one. During each teaching experi­
m ent, however, the groups were intact. 

The data in Tables 58 and 59 represent the assigned 
number, sex, age in months and Intelligence Quotient of 
each pupil used during th e Winter and Spring Sessions 
r espectively. The number assigned to each pupil will 
ser ve as · a r ef ere nee in the r esults of the teaching ex­
periments on Dew, Heat and Light. 
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Table 57. 

Data on teaching groups IIX and IIY. 

Group IIX. Group IIY . 

,.,, Ol .: ,,; 
Ill ·~ ~ ...... Ill ·c--~ ...... ~ .,.,, "l:::l .,.,, .... ·~ 

~ t:l Ill .: ~ R d ;,,) ~ (j ;,... <:::)O -- ;,... <:::)O 

~ C!1 ~~ ~ d: C!1 ~~ ....... 

1. 12 207 115 1. 12 206 109 
2. 11 195 104 2. 12 199 124 
3. 11 190 107 3. 12 210 97 
4. 11 187 106 4. 12 222 96 I 

5. 11 205 109 5. 12 209 104 
6. 12 209 103 6. 12 215 117 
7. 12 216 118 1:. 11 198 113 
8. 12 223 98 8. 12 216 110 
9. 11 200 98 9. 12 205 99 

10. 11 188 106 10. 11 185 109 
11. 12 208 115 11. 12 220 116 
12. 12 217 94 12. 12 217 104 
13. 12 206 110 13. 11 215 107 
14. 12 217 108 14. 11 181 109 
15. 12 216 112 

Median 207 107 Median 209.5 109 
Range 187-223 94-118 Range 181-222 96-124 
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Table 58. 

.Data on teaching groups 9X and 9Y (Winter Session) • 

Group 9X. Group 9Y. 

-.: ·~~ .... .~,2 .... ..., . ... ""' ~ B ~~ cj ~ B ~ ~ (j 
~ ~ 

O)C 

~ ~ 
i:::)C 

t'1 ~~ .....; t'1 '<t! ~ .....; 

I I I I. B 181 89 1. G 168 91 
I 2. G 179 87 2. G 185 91 I 
~ 3. G 166 98 3. G 177 115 1 
I 4. G 167 122 4. G 189 99 I 
I 5. G 169 98 5. G 197 112 l 
I 6. G 179 95 6. G 211 81 l 
1 7. B 171 107 7. G 213 92 l 
I 8. G 180 94 8. G. 151 124 I 
I. 9. B 192 91 9. G 202 102 I 
I 10. G 171 120 10. G 200 102 I 

' I 11. G 186 96 11. G 164 97 I 
I 12. G 169 93 12. G 168 127 I 
I 13. B .188 95 13. G 179 104 I 
I 14. B 185 93 14. G 180 112 I 
I 15. B 174 113 15. G 197 102 I 
I 16. B 188 90 16. B 171 83 I 
I 17. B 174 113 17. G 161 135 I ., 18. G. 178 104 18. G 180 104 I 
I 19. G 210 77 19. G 153 120 I 
I 20. B 180 96 2-0. G 175 108 I 
I 21. G 166 95 21. G 175 84 I 
I I 
I Median 179 95 Median 179 102 I 
I Range 166-210 77-122 Range 151-213 81-135 I 
I I 
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Table 59. 

Data on teaching groups 9X and ~y (Spring Session.} 

Gr<iUp 9X. Group 9Y. 

... ~ ... <I) 

.... -~~ .... -~~ . .,, "'""' .... ... 
~ B ~ ~ 

~ l B 
~.,.. 

6 ~ ~ ~o q) ~~ 
~ Cl'.) ~~ ..... Cl'.) ~ ... .....: 

I 
I 1. G 179 87 1. G 168 91 
I 2. G 166 98 2. G 185 91 
I 3. G 167 122 3. G 189 99 

I 4. G 179 95 4. G 197 112 I 
5. G 180 94 5. G 211 81 I 

I 6. 'B 192 91 6. G 213 92 I 
I 7. G 171 120 7. G 202 102 I 
I 8. G 186 96 8. G 200 102 I 
I 9. G 169 93 9. G 164 97 I 
I 10. B 188 95 10. G 168 127 I 
I 11. B 185 93 11. G 179 104 I 

·I 12. B 188 90 12. G 180 112 .1: 
13. B 174 113 13. B 178 119 I 

I 14. B 181 99 14. G 150 116 I 
I 15. B 195 98 15. B 174 113 I 

·I 16. B 177 115 16. G 175 84 I 
I 17. :G 151 124 I 
I 18. G 161 135 I 
I 19. G 153 120 f 
I 20. G 175 108 I 

I Median 178 98.5 Median 
I 

179.5 102 I 
I Range 151-195 87-135 Range 150-213 81-127 I 
I I 
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No text-book was used in any of the classes, class 
notes and mimeographed sheets were used throughout. 
There were many reasons for not having tl:e pupils use 
a particular text-book, chief amongst which was the 
nature of the teaching. In the case of Boiling, for in­
stance, most Physics texts give both experiments for 
boiling water under pressure, or give one experiment in 
.detail while drawing attention to the other. No Physics 
text presents the subject matter of Mass and Weight in 
the manner in which it was proposed to be treated in 
two of the experimental classes. 

In the various experimental studies on the efficacy 
-0f different teaching methods, the matter of text book. 
may not have been important, but when teaching a spe­
cific piece of subject matter, such as Dew formation, or 
Mass, it must be controlled, and in this case, the writer 
-decided to dispense with text-books. 

In each experiment initial testing of pupils was 
done about a week before teaching began and final test­
ing from two to three weeks after instruction had ceased. 
Final testing was delayed partly to counteract the effect 
of recency and to conform, more or less, to conditions of 
testing in Part 1 of this study, which was done from 
three to six weeks after the subject had been studied. 

The purpose and results of each experiment will be­
.given in the appropriate chapter. 



ADDITIONAL DATA ON MASS, WEIGHT AND 
GRAVITY. 

THE CONCEPTS MASS, WEIGHT AND GRAVITY. 

In the Physics course the one branch lrnown as Me­
·chanics is taught in most cases at the beginning of the 
course. To a certain extent the subject ma tter is intro­
duced in psychological sequence in which one concept is 
prerequisite to the formation of another following. Thus 
the concept of acceleration follows that of velocity, and 
the measurement of force and mass assumes a notion of 
acceleration. Thus, whether the teaching claims to be 
deductive or inductive, the fact r emains that certain con­
cepts cannot be formed scientifically unless others are 
first formed. 

In the General Science course offered in most 
schools the subject matter of Mechanics is treated some­
twhat differ ently. A thorough instruction in .Mechanics is 
not given, but certain portions which are deemed impor­
tant receive consideration. Secondly, the treatment is 
elementary, divested of as much mathematics as possible 
and mostly descriptive. Thus a widely used General 
Science t ext presents its Mechanics in t he following 
order:- Matter and Energy; Kinetic and Potential; 

-Transformation and Conser vation of Energy; Time; 
Gravitation ...... (after 100 pages) ..... . Work and its 
measurement ; Machines. 

Under these conditions it cannot be expected that 
General Science students will have the same concepts as 
Physics students, because the subject matter that was 
taught to them was probably presented in a very differ­
ent way. These factors do not detract from the signifi­
cance of the results given in Part 1, as those represent 
existing results. 
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In order te control method and subject matter it was. 
decid~ to teach the Senior groups in two different ways, 
one which tl:e writer thinks is essentially the method of 
treatment in a General Science course (Method X) and 
the other the method of most High Schools and Elemen­
tary College texts (Method Y) . The teaching was re­
peated in 1924 on the 9th grade pupils. This would mean_ 
that the 9th Grade classes were taught the subject mat­
ter of Weight, Mass and Gravity as would be most com-­
monly done in both General Science and Physics courses._ 

Method X (given to Groups IIX and 9X) may be 
described as follows:-

The concepts Gravity, Weight and Mass were de­
veloped in a purely descriptive, non-mathematical way 
according to some of the most widely used General _ 
Science tests. Mass, for example, was taught in con­
j unction with Weight and treated according to Barber's 
General Science text. Gravity was described and arrived 
at inductively instead of from Newton's Law of Univer­
sal Gravitation. 

Method Y (given to C'-.roups IIY and 9Y) , was ia 
accordance with the treatment of Dynamics in most Phy­
sics texts and followed the appended plan: 

1. Motion: 

a. Velocity-numerical problems. 

b. Acceleration-numerical problems. 

2. Ca/Use of Motion: 

a. Force (gravity special ease of force). 

b. Measurement of force--Wefght. 

c. Newton's first Law of Motion-Inertia, Mass. 

d. Newton's second Law of Motion-F= ma, 

comparison of forces, masses, 

proportionality of Weight and Mass. 

e. Newton's third Law of Motion. 
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3. Newton's Law of Gravitation-F=~ 
t~ 

The test on Mass, Weight and Gravity described in _ 
Chapter VII of this study was given to each of the groups 
before and after the teaching period, three weeks elaps- . 
ing after completion of instruction before giving the · 
tests. 

The tables following give results of the test before 
and after instruction. The two columns of per cents 
under each group represent the results on the test before 
and after instruction. The data on the groups used can. 
be obtained from Table 57 and 59. 

Table 60. 

Percentage frequency of r esonses to Questions 1 and 2, _ 
Chapter VII, before and after instruction. 

WEIGHT IIX JIY 9X 9Y 

•Before •After Ber. Aft. Bef. Aft. Bef. Aft. 

i Force of grav;ty. Earth's pWI II 0.0 

I Heaviness . . . . . . . . . . . . I 57 .2 

j No. of pounds in a thing I 21.4 

I Mass I 0.0 

I 
Misce!laneous . . . . I 14.3 

No ans wer . . . . I 7.1 

I 
1s.6 I o.o 

o.o I 46.7 

1.1 I 26.1 

14.3 I o.o 

o.o I 26.1 

o.o I o.o 

I 
85.7 I o.o 

o.o I 60.0 

7.1 I 25.o 

1 .1 I o.o 

o.o I l o.o 

o.o I s.o 

I 
w.o I o.o 75.0 

s.o I s2.5 o.o 

lo.o I 18.7 6.2 

lo.o I o.o 6.2 i 
o.o I 12.s 12.5 i 
5.o I 6.2 o.o I 

:MASS IIX llY 9X 9Y I 
.;--~~~~~~--,-~~-:-~~-,...~~---,-~~-I 
I Quantity of matter in a body I 0.0 35.7 1 0.0 26.7 1 0.0 45.0 j 0.0 37.5 1 

I ••Measure of inertia I 0.0 14.3 I 0.0 33.3 I 0.0 10.0 I 0.0 12.5 I 
I Volume. Size, Number of I I I I f 
I cu. units. Amonnt of it. I I I I I 
I QWllltity of it p r esent . . I 14.3 28.6 I 20.0 6.7 I 15.0 10.0 I 12.5 12.5 I 
I W eight, Heaviness. Gra..-ity, I I ! j I 
I A measure of weight, Quan- l j I j I 

I tity of matter . . . • . . . . I 14.3 14.3 I 20.0 20.0 I 0.0 20.0 I 6.2 IS. i I 
The whole piece . . . . . . I 28.6 0.0 j 13.3 0.0 J 15.0 0.0 I 12.5 0.0 I 

I Density, Density/Volnme I 14.3 0.0 I 0.0 0.0 I 0.0 0.0 I 0.0 0.0 I 
I !fiscollaneous . . . . . . I 7.1 7.1 j 13.3 13.3 I 15.0 10.0 I I&.O 12..5 I 
I No response . . . . . . . . j 21.4 0.0 I 33.3 6:7 J 55:0 5.0 J 62.5 6.2 I 
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' **Bodies offer a certain resistance to being moved or be­
ing stopped when in motion. This depends upon the 
mass of the body, the greater the mass, the more 
resistance is offered. 

· *In future rabies (1) will refer to results-befor e in­
struction and (2) to resu~ts after instruction. 

Table 61. 

Percentage frequency of responses to Quest ion 3 

(Part 1) and Question 1, 2, 3, 4, 5, 6, (Part 2) 

of Ch_ap VII before and after instruction. 

nx. llY 9X 

I I 
· I I 
I Quest. 3, Part 1. Gravity I 
j pulls the stone back to earth I 85.7 

! Quest. 1. Part 2. T o find I 
I mass we'gh it . . . . . . . . I 7.1 

l Find its volume . . I 7.1 

.l Find water displaced j 14.3 

j Miscellan eous . . . . . . . . I 14.3 

I REASON :- I 
I Mass is proportional to j 

I weight . . . . . . . . . . . . I 0.0 

l I 
j Quest. 2, Part 2. Mass 75: I 
j when object compressed to )!? 42.9 

j Mass same •vhen object j 
I compressed to half j <.1 

I Quest. 3. Part 2. Mass Jess I 
j miles away from earth . . j 7.1 

I Mass same miles away I 
j from earth . . . . . . j 14.3 

I I 
[ Quest. 4, Pa-rt 2. Iron I 
I heated, its mass increases I 35.7 

l Iron heated, its mass is same I 21.4 

·+ ! 

i 
2 I 1 

I 
100. I 93.3 

I 
35.< 13.3 

14.3 / 13.3 

7.1 I o.o 

35.i I 20.0 

I 
I 

lU I 0.0 

' I 
I 

a5.i I 53.3 

I 
35.7 I o.o 

t 
I 

42.9 I 13.3 

I 
42.9 I 20.0 

I 
I 

28.6 I 40.o 

35.7 I 20.0 

I 

I 
2 I 1 

I 
I 

100. I st.o 

I 
66.7 I 5.o 

13.3 I 10.0 

6.7 I o.o 

13.3 I 20.0 

I 
a3.3 I o.o 

I 
I 

aa.3 I 40_0 

l 
60.o I 5.o 

I 
I 

33.3 I l o.o 

I 
53.3 1 15.0 

I 
I 

26.7 I 45.o 

46.i I ls.o 

I 

9Y 

I 
2 I l 2 

I 
I I 

95.2 I 76.o 10-0.0 I 
I I 

30.0 I 12.5 50.0 I 
15.o I 12.5 12.5 

o.o I o.o o.o I 
4o.o I 25.0 37.s I 

I I 
I I 

10.0 I o.o 18.7 I 
I I 
I I 

45.o I a1.5 si.2 I 
I 1 

15.0 I 0.0 Sl.2 I 
~ I 

45.0 1 12.5 43.7 I 
I I 

35.o I 18.7 37.5 I 
I 
I 

45.o I 4s.7 

20.0 I 1s.1 

I 

I 
I 

a1.2 I 
25.o I 

I 
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TABLE 61.-Continued. 

IIX llY 9X 9Y 

J 2 2 1 2 I 2 

<I Quest. 5. 
I I Part 2. & d ies in I \ I I N.Y. have equal w e ig h ts, I I I J 

J masses equal . . . . . . . . 14.3 1 1.4 I 6.7 6.: I 10.0 s5.o I i .7 i5.0 

I R eason: Weigh t p roportional 1 I 
15.0 t I to mass .. .. . . .. .. 0.0 2s.6 I 0.0 40.0 t 0.0 0.0 25.0 

I Qu est. 3, Part 2. Weight /e;s 
l I I i I I 

I miles away from ea rth I 2u 92.9 I 13.3 6.1 T 5.0 ss.o I 6.2 93.7 

I Weight more miles away I I I T 
I from earth .. .. .. .. I 14.3 1.1 I 26.1 6.7 I 15.0 15.0 12.5 

o.o I 
I Weight same m iles away I i 
I_ 

from earth . . .. . . .. .. i 42.9 0.0 J 46.7 6.7 I 40.0 0.0 31.2 6.2 , 

I R eason: Pull of gra vity I l I 
I Jess .. .. .. .. I 7.2 11.4 I 0.0 86.7 l 5.0 10.0 I 0.0 81.2 I 
I I I I 

I 
I I Quest. 6, Part 2. Weight I l I I 

greater at P ole t han E qua- I I I I l tor .. .. . . .. .. .. .. I 7. 1 85.7 1 13.3 86.7 [ 10.0 80.0 i 12.5 81.2 I I Weiirht lus (or same) at i I I I 
I Pole than at Equator .. I 35.7 14.3 T 26.1 13.3 i 35.0 20.0 I 2s.o 12.5 I I Reaaon : F orce, pull of gra- I l -, l I 

vity grea ter . . .. .. .. .. I 7.2 n .-t I 0.0 50.0 f 0.0 ss.o I 0.0 68.7 1 ,, 
I I I I r 
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Table 62. 
(Question 1, Part 3.) 

Definitions of Gravity before and af ter instruction. 

! I 
I I 1 

I A force of attraction all \ 

I bodies have for each other. I 
j Mutual a ttra etion cf earth I 
/ and another body . . . . . . I 14.8 

I Something (a substance) in I 
1 centre of earth . . . . . . I 21.4 

j What keeps us on earth: j 
j What pulls thinirs down, etc. I 35.7 

I Miscellaneous. e.g. some- I 
t hing in the a ir I 14.3 

I No answer . . . . I 14.3 

i I 

lIX ITY 9X 9Y 

I I I 
I I I 1. 

I I I I 
1s.6 I 13.3 s 6.7 I o.o 65.o I o.o ss.1 I 

I I f I 
14.3 I 26.7 6.7 

1
15.0 15.0 l 31-2 6.2 l . 

o.o I 26.'i 6.7 I 45.o lo.o I s1.5 6.2 I 
I I I I 

7.1 I 20.0 o.o I· 20.0 10.0 r 12.5 12.51 

o.o I 13.3 o.o 1 20.0 o.o j 1s.1 6.2 

I I I I . 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

Table 63. 
(Question 2, Part 3.) 

Meaning of " Quantity of Matter" before 
instruction. 

lIX IlY 9X 

I I I 
I 2 I 1 2 I 1 

t I I 
W eight of the material in I I I I it .. .. .. .. .. .. .. . . I 7.1 21.4 I 0.0 13.S I 5.0 

I Size, Capa city .. . . .. .. I 14.3 14.31 6.7 6.1 I 5.0 

I Amount of substance con- l l I tained .. .. . . .. . . .. . . 7.1 21.4 I 6.7 13.3 1 5.0 
I 

I :Material it is made of .. I 0.0 14.3 T 0.0 6.7 5.0 1 That which m easures its I 
,., 1 ·I inertia or resistance to be I 

1 m oved .. ... . .. .. .. . . I 0.0 0.0 33.3 i 0.0 

j lliscellaneous .. .. .. .. I 14.3 1.1 1 1u 13.3 r 10.0 

j N o answer .. .. . . .. .. I s1.2 1.1 I 73.a ls.a I 75.o 

I I I I 

and after 

9Y 

I 1-
2 I 1 2 I 

I l 
·1 i-

20.0 I 6.3 18.7 
I 

lo.o I 12.5 6.2 

l 
30.0 6.2 ,., I l o,o 0.0 12.5 

I 
l o.o I 0.0 18.7 I 
5.o I 6.2 12.5 t 

15.o I ss.7 12.5 

I I.,· 
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ANALYSIS OF RESULTS OF TEST. 

It will be found that the results of the test given 
· before instruction are very much the same in type as 
those given in Part I of this study, the percent giving any 
particular. response varies but this is to the expected in 

. groups of the size used. E very student was familiar 
With gravity but notions of gravity were vague. No 

. student was familiar with the la.w of universal gravita­
tion, gravity was "something in the air" that had toe 

_ power to do certain things. 

The results after instruction differ decidedly from 
those of the corresponding groups in Part I of the study 
excepting for the concept Mass. Before instruction not 
-one pupil evidently had formed any connection between 
Gravity and Weight, after instruction 79% and 86% 
·of seniors and 67% and 71 % of 9th Graders 
in defining Weight"·'did so. The "heaviness" and "num­
ber of lbs." notions have been abandoned. On the otl:er 
hand, wrong notions appear which were not held before, 
viz: the confusion of weight with mass, the confusion 
being greater in the X than in the Y groups. The "check" 
question on weight also show differences. From table 61 
it will be seen that before instruction the pupils of all 

·groups have the idea that weight is a constant quantity, 
the few who think that it varies with altitude cannot 

·support their beliefs. After instruction the majority of 
all groups know that weight varies with distance from 

· the earth and can account for it. This fact coupled .with 
the idea that gravity was not some substance magnetic or 
otherwise, in the earth, interested the groups more than, 
perhaps, anything else during the instruction. To think 
that one would weigh less on the moon than on the earth 
touched the imagination of the pupils, especially the 9th 
Graders. In the latter classes, it started a lengthy dis­

·cussion, and this evidently seemed to impress this rela-
·tion of weight and distance from the earth firmly in the 
·minds of the pupils. 
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In all groups, after instruction, Gravity is predomi-­
nantly an attractive force ootween bodies. 23.8% or 
9X, however, still l:old on to notions such as "That which 
keeps bodies on earth," "something which forces things 
down" etc. 

The two methods of instruction do not seem to af­
fect the students differently as far as Gravitation is con­
cerned. In both methods, Gravitation was treated in a 
rather isolated way, the only difference really being that 
Groups 9Y and IIY had the mathematical representation 

too, viz: mm 1 

G = --2 
r 

The results of Mass are different. It must be stated 
at the outset that extreme difficulty was encountered 
with Group 9Y because they were very weak in arith­
metic and had just begun tl:.e study of Algebra. They con­
sequently had little or no concepts of equations or pro­
portion. On the other hand, matters "\ere not so easy with 
the older IIY groups. These students, however, had 
some notion of symbolic representation, equations and 
their solutions. Proportion, however, had to be taught 
along the way as in the Algebra class. Difficulties like 
these, however, are general. It is just as difficult to get 

dv College freshmen to form the - concept of an in-
d r 

stantaneous acceleration in the study of Dynamics when 
they have just begun, or have not had, the study of Cal-
culus. • · · 

In groups 9Y and 11 Y all the emphasis was con­
centrated around Newton's Laws of Motio:ti in an attempt 
to get pupils to form the Mass concept. At this point 
too the distiction between weight and mass was drawn 
and reasons offered why masses can be compared by 
weighing. Much stress was laid upon the fundamental equ-

ation F =ma (or F = ~a). The day following the dis--
sr 

cussion cf hte proportionality of Mass and Weight, 60% 
and 33.3% of groups llY and 9Y, respectively, gave· 
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correct written explanation of why mass is proportional 
to weight. In the final test, however, the corresponding 
percentages are 33.3 % and 19.0 % for those who 
state that weighing will give mass because weight is 
proportional to mass. 

At tte time of teaching Newton's 2nd Law, the 
writer thought that the Y groups did not have so much 
difficulty in distinguishing between Weight and Mass. 
The equation W =mg was used to show that the two 
w;€re different quantities. The confusion was noticed, 
however, in the methods ot attacking numerical problems. 
The formula F=ma would be used irrespective of the 
units employed. 

Extreme difficulty was encountered in the X groups 
in distinguishing between Weight and Mass. The fact 
that Mass and Weight are both measured in pounds, 
that one talks of a mass of 2 lbs. and a weigh t of 2 lbs. 
seemed proof sufficient to t he pupils that they are one 
and the same thing. 

What do the results of the test show as far as the 
concept Mass is concerned? :-

( 1) Although Mass was discussed as both "Quantity 
of Matter" and "Measure of Inertia" the former i s 
more strongly associated than the latter with Mass 
by all groups, except in the case of the 11 Y group 
where there is equality. The err oneous notions 
formed in Par t I of the study occur here too. 

(2) "Quantity of Marter" means anything from weight, 
volume, amount, up to inertia. 33.3% of the 11 y 
Groups think of it as the measure of the inertia of 
a body. 

T he rest of the results on Mass can be combined as 
was done in Part I of study. By doing this the average 
percent of each grade associating mass with volume and 
weight will be:-
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Mass is volume 
Mass is weight 

IEX IIY 

27 
22 

20 
12 

9X 

30 
22 

9Y 

29% 
21 % 

In this estimate the vague notion of "Quantity of 
Matter" as "Amount of substance contained" was not 
taken into account as it may mean either weight of 

-volume. 
On the whole then, in all groups, more students 

~associate mass with volume than with weight. The 
"differences between the two sets of groups is slight 
~ except in the case of the UX and UY groups associating 
· mass with weight. 

In general the results of the teaching of these groups 
·.as far as the questions are concerned, shows:-

(1) The majority of pupils of all grades change their 
notions of gravrty irrespective of method used. The 
only difference in method was that the Y groups 
had had Newton's Law of Universal Gravitation, 

mm· 
(F= -~) 

r -
. J2) The majority of pupils of all grades associate 

weight with gravity after instruction which was not 
the case before instruction. The two methods show 
negligible differences in favor of the Y groups. 

<'(3) The concept Mass does not become scientific like 
Gravity and Weight, although the UY group shows 
greater understanding after instruction than the 
other groups. A third of the pupils of this group 
think of "quantity of matter" as a measure of inertia. 
The same erroneous notions occur after instruction 
as in Part I of the study-Weight and Volume being 
the two most common. 
The responses given to the same question given in 

Part I are, therefore, very similar to those previously 
found. The same erroneous notions of mass occur when 
"it is certain that they were not deliberately taught. That 
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-the two methods of presenting- the subject matter show 
no great difference between the groups, does not necess­
arily mean that one is as good as the other. For the 
·express purpose of answering the questions used, differ­
·ences are not great, but method Y, for example, may 
have advantages not brought out by these questions . 

.Additional data obtained from ob,servations and 
examination of individtual cases. 

Thus far, the results of the test questions given to 
·the experimental groups reveal little more than did those 
of Part I. Three facts were brought out, however, by 
the experimental teaching. 
(1) When General Science students are given the 

same subjects matter as Physics students, differ­
ences between the groups are not nearly so great as 
the results of Part I show. 

'{2) Erroneous notions are formed even though they 
were not directly taught. In Part I there was no 
assurance of this. 

(3) The concept Mass does not become scientific even 
when the essential subject matter is presented. In 
Part I there was no way of knowing just what 
subject matter had been studied in connection with 
the concept Mass. 
In order to explain the formulation of certain erron­

-eous notions or the inability to form a certain concept, 
we have te go beyond the mere responses to the test 
questions, observations in the class room during instruc­
tion and examination of individual cases may throw light 
-on this matter. 

-Observations. 
Although it is difficult to make observations and 

record them while at the same time conducting the class, 
-certain phases of the teaching stand out clearly. 

Method X. 
The method of developing "Gravity'' in a descriptive 

way by starting with the child's exist ing notions, appeared 
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easy as well as interesting to the students. The fact that 
any two bodies attract each other, that the attraction is 
mutual, can be used to advantage to counteract the idea 
of Gravity as a "substance in the earth". It was at this 
point that old notions of Gravity appear to have been · 
reconstructed. Once this notion of Gravity had been 
formed, it was relatively easy to develop the notion of 
weight. Those pupils who st ill thought of gravity in a. 
vague way gave vague notions of weight. 

Difficulties in these X groups started when the 
concept Mass was introduced. The method was to build 
up the notion of Inertia first and then to show that 
Inertia depended on the quantit y of matter in a body or 
the Mass. It was at this point that every pupil associated 
Mass with either Weight, Size or Inertia itself. In the 
discussion on the difference between Weight and Mass, 
which followed, the confusion in the minds of the pupils 
seemed to increase. The following questions, asked in 
the 9X Groups during this discussion and recorded by 
the writer, will give an indication of the strength of 
preconveived notions:-

"If mass is not weight, why weigh a thing to find 
its mass?" 

"Why is mass measured in pounds, if it is not 
weight?" 

"Isn't it true that tl:e bigger a thing is the more 
mass it has?" 

"Why is there a difference between mass and weigh~ 
if you find t he weight of a thing to get its mass?" 

Such confusion was not manifest at any time during 
the discussion of gravity and weight. 
Method Y. 

Regarding this method of presenting subject matter, 
the writer feels safe in saying that it is too involved for· 
9th Grade pupils. In such treatment. a knowledge of 
equations and their solution, concepts of equations and 
proportions are prerequisite and 9th Grade pupils are 
not so equipped. Further, this type of subject matter is 
not liked by 9th Graders. 
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Concerning Group IIY, the case was very similar to 
that of 9Y. Very litt le interest was shown and coercion 
had to be employed at times. These st udents had had 
the necessary mathematics required for this dynamic 
treatment of Mass but had little or no concept of an 
equation. F = ma was not used as a more concise state­
ment of Newton's 2nd Law of Motion but as a "formula"_ 
Further, their notions of proportions were vague. 

On the test they did better than tl:e corresponding 
9th Grade group, but the achievement of the group as 
a whcle, as far as Mass is concerned, is hardly sufficient­
ly satisfactory in r elation to other kinds of subject 
matter, especially since the writer feels that treatment 
of subject matter was more intense than is usually the 
case in actual school conditions where so much work 
has to be crowded into t he school year. 

S tudy of Individual Cases. 
This method consisted of questioning pupils individu­

ally and of following up a response with another question, 
-every question and response being r ecorded. The purpose 
of this type of examination was to attempt to find out 
riot only what notion the pupil held, but also why he had 
the notion. 

In this way, the writer examined six pupils of each 
of the Ilth Grades, twelve of group 9X and ten of Group. 
9Y, after teaching and final t esting had been completed. 

Case l. Girl (3). Age : 15- 9. I.Q. 99. (Group Y). 
Q. When you talk of the mass of a stone, just what do. 

you mean ? 
A. The quantity of matter in it. 
Q. What do you mean by "Quantity of Matter" ? 
A. The amount of substance in it. 
Q. Well, supposing you r.ad two stones how would you 

know which had the more substance in it ? 
A. The bigger one. 



.. 

164 Development of Physics Concepts in H.S. Students. 

Q. Supposing there were two objects lying on this desk~ 
and both were equally big, how would you know 
which had more substance in it? 

A. They would have the same amount if they were the 
same size. 

Q. Their masses then are equal? 

A. Yes. 
Q. If one were lead and the other iron ;would their 

masses be equal? 

A. Yes, mass has nothing to do with their weights but 
with the amount of matter in them, and they both 
have the same amount of matter. 

Q. Did you like this kind of work? 

A. No. 

Q. Why not? 

A. Too much algebra. I don't like algebra. 

Case 2. Girl (6). Age: 17-11. I.Q. 117. Grade 12. 

(Group IIY). 

Q. When you talk of the mass of a body what do you 
mean? 

A. The quantity of matter it contains. 
Q. 
A. 

But what do you mean by "Quantity of Matter"? 
(No answer.) 

Q. Well, supposing you had two objects, how would 
you know which had the greater quantity of matter? 

A. Weigh them-the one tl:at weighs more has more 
inertia. 

Q. So you mean "Quantity of Matter" is its weight? 

A. No, but the one that has more weight will have 
more mass. 

Q. How do you know this? 
A . Because mass is proportional to weight. 
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Q. Why? 
A. I can show it on paper but cannot explain it. 

(Pa per and pencil were provided.) 

w 1= m1g w2 = m 2 g 

Therefore 

Q. Why do you cancel "g"? 
A. Because g equals 32 in both cases. 
Q. But is g always 32? 
A. Yes, at the same place on the earth. 
Q. So, what now do you mean by "Quantity of Matter"? 
A. I can't explain it .... I know its not weight but you 

can find it by weighing. 
Q. ;Did you like this kind of work? 
A. No, I don't like the mathematics part of it. 

Case 3. Girl (12). Age: 17-4. I.Q. 115. Grade 12.. 

(Group IIX). 

Q. When you talk of the Mass of a body what do you 
µiean ? 

A. The quantity of matter it contains. 
Q. What do you mean by " Quantity of Matter"? 
A. The amount of material in it. 
Q. How would you know which of two objects contains 

more mat erial in it? 
A. The larger one would. 
Q. So, amount of material or mass is t he "volume" of 

the material ? 
A. No, mass is not volume. 
Q. Well, you said the larger one? 
A. I mean the heavier one. 
Q. So, you mean mass is weight ? 
A. 'No, it is not weight. 
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G. Well, you said the heavier one? 
A. The heavier one will have more mass, but mass is 

not weight-gravity has nothing to do with mass. 
Q. Then what is Mass? 
A. I never did understand what it was. 
Q. Did you like t0 learn about Weight, Mass and Grav-

ity? 
A. Yes, but it was too difficult. 
Q. But I think you understood everything, did you not? 
A. No. 
Q. But you know what Gravity is and what it does? 
A. Yes. 
Q. And what weight is? 
A. Yes. 
Q. And Mass? 
A. No, I never did see that . 

Ca8e 4. Boy (16). Age: 14-9. I.Q. 115. Group 9X. 

Q. What do you mean by the Mass of a t hing? 
:A. The matter in it. 
Q. How wouid you find out how much matter there is 

in an object? 
A. By moving it. 
-Q. How would doing that tell you ? 
A. If it is hard to move, it has a lot of mass or matter. 
Q. But supposing you were given a very small object 

like a dime. How would you find its Mass? 
A. I would weigh it. 
Q. So mass is the same as weight? 
A. No, it is not the same as weight, but it is propor­

tional to w,eight. 
Q. What does that mean ? 
A. It means that the more mass a thing has, the greater 

will its weight be. 
Q. Did you like the kind of work we had on Weight and 

Gravity, Mass and Iner tia? 
A . No. 
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·Q. Why not? 
_A . Too difficult. 
Q. Didn't you under stand it? 

. A. Parts, yes. 
Q. What did you not un~erstand? 
A. The Mass and Weight. 

From the individual questioning of these pupils, it 
.appears:-

(1) The "volume" or "size" notion of mass is due 
in those pupils mostly to the "quantity of matter" 
definition of mass. Quantity of matter is taken to mean 
size or weight or heaviness of the matter or vaguely, 
amount of matt er. The "weight" notion of Mass is 
due partly to the erroneous notion of "quantity of matter" 
just referred t0 and partly to the fact that mass is 
measured by weighing. It is significant that in Part I 
of the study and a lso in the test results of these g;roups 
before instruction, when students are left to themselves 
with the definition "quantity of matter", it is most com­
:111only construed to mean volume or weight. 

(2) Pupils of the Y groups, al though insistent 
that mass is not weight or volume, do not know exactly 
what it is. Pupils of the X groups are even more 
confused. The three pupils examined who were least 
confused were Nos. 11 and 13 (Table 57) and No. 13 
(Table 59) who had associated mass ·with inertia. 

(3) The majority of 11th and · 12th Graders 
thought the subject matter too difficult and not interest­

. ing. Every 9th Grader thought it too difficult, or un­
interesting. 

The results of the whole exper iment lead the writer 
to the following conclusions:-

(1) Scientific concepts of Gravity and Weight can 
"be formed by both Physics and General Science students 
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when the subject matter is presented by either of the­
methods used. 

(2) Scientific concepts of Mass cannot be formed 
by 9th Graders, irrespective of which method of the two 
is used. Wrong notions appear irrespective of method, 
although to a higher extent in Method X. 

(3) The majority of Physics students instructed do 
not form a scientific notion of Mass. Method Y shows 
better r esults than Method X. 

That the concept Mass is a very difficult one to form 
even in a college course, cannot be doubted. Ernst Mach 
in his "Science of Mechanics" discusses this concept as 
follows: "It should be observed that the notion of Mass . 
as quantity of matter is psychologically a very natural 
conception for Newton, with his peculiar developments 
...... the concept developed quite instinctively ...... the-
formulation of Newton which describe:.: Mass to be the. 
quantity of matter of a body as measured by t he product 
of its volume and density, is unfortunate. As we can de­
fine density as the mass per unit volume, the circle is 
manifest." 

Mach seems to think that the notion quantity of mat­
ter is a very difficult one to grasp, and shows that it did 
not occur to great scientists like Galileo and Huygens 
that weight and mass were different things. Thus on 
page 216 .... "We find the expression 'quantity of mat­
ter' adapted to explain and elucidate the concept of Mass,. 
since that expression itself is not possessed of the requi­
site clearness". And on Page 559 Mach declares that. 
ordinarily the concept of mass cannot be built up on the' 
notion of quantity of matter .. .. ''to accomplish anything 
dynamically with the concept of mass, the concept in 
question must be a dynamical one." 

In the opinion of the writer, the place to introduce 
the concept Mass, if it must be introduced in the High 
School Physics course, is in that part of Mechanics known 
as Dynamics and not in Statics, and that the term should 
not be used until absolutely necessary. 



CHAPTER XI. 

ADDITIONAL DATA ON CONCEPTS OF HEAT 
AND LIGHT. 

CONCEPTS OF HEAT AND LIGHT. 

In Part 1 of this srudy the results of essays written . 
on Heat and Light were given. As the results of the 
General Science group were very different from those of 
the Physics groups, it may be necessary to off er an ex­
planation. 

In the first place, it may be argued that the General 
Science students cannot be expected to l:ave scientific 
notions of Heat and Light compared to the Physics 
groups since the treatment of these subjects is very 
elementary in the General Science course. That t his is 
true can readily be ascertained from a survey of General 
Science courses. Certain parts of the subjects of Heat 
which may be the means of reconstructing old concepts 
are not offered. For example, theories of Heat, Heat and 
Work, the Mechanical equivalent of beat, etc., are not 
generally taught to General Science pupils. In Light the 
case is similar with the exception that Physics students 
do not have so great an advantage. Most Physics t exts 
introduce the subject with a mere statement of t he nature 
of Light ; buf the subject matter which really concerns 
the very nature of light-diffraction, interference, pola­
rization, etc., is not taught. 

It may also be said that this subject matter and the 
various theories are too difficult for 9th Graders and 
foreign to the aims of General Science teaching. The 
writer was fully aware of conditions when the essays 
were given. The purpose of the essays, however, was to 
find out what children thought of Heat and Light and 
whether a General Science or Physics course changed · 
their old notions and to what extent-all under existing 
conditions of school teaching. 

We may or may not wish to t each 9th Graders theo­
ries and difficult subject-matter, but what shall we do . 
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to appease the curiosity of these pupils when they want 
to know what Heat or L ight is? In the writer's own class­

. es such questions were not so common at first, but after 
the writing of the first essays on Heat and Light, the 
curiosity of the pupils was awakened, and almost every­

. body wanted information. It was at this point that the 
writer decided to teach these 9th Graders some additional 
Physics and to discover whether it would have any affect 

· on their old notions. 
The experiment was conducted in the following 

manner: The two 9th Grade classes, of Table 58, were 
started off on the regular course in Heat according to 
the New York State's syllabus for General Science. Be­
fore starting, however, each student wrote an essay on 

· "What I think Heat is and other thinks I know about 
Heat." The two classes were instructed in the same way 
for six periods per week of forty minutes each, one 
period being a supervised study period. At the end of the 
instruction period, each student again wrote an essay. 
Group 9Y was then given the additional instruction re­
ferred to in the syllabus below, while group 9X continued 
with the regular work, the topics to be taken up with 
them happened to be "Rusting of Iron," "Corrosion and 
how to prevent it" and ''Water and its composition". 
Ten days after group 9Y had covered the additional 
work, a ll the students were asked to write essays again. 

The same procedure was .adopted in the teaching of 
Light, the only difference being that some students left 
school, wl':ile a few changed from one group to another, 
thus making t he number and arrangement slightly dif­
ferent. The composition of the new groups is given in 
Tab!e 59. The nature of the work done in both Heat and 
Light is given in detail below. The results of the experi­
ment follow in Tables 64, 65, 66 and 67. Instead of gfring 
the percentage of students making a particular response, 
the three responses of each student are given side by 
side. Thus by reading across the tables the change in re--

- sponse can be seen; by reading down the columns, the 
frequen ry of a ny response can be found. 



Additional Data on Concepts Heat & Light. 171 

Sylla~us followed in the t eaching of HEAT to 

9th Grade pupils . 

. l,. Sources of Heat- sun, friction, combustion, etc . 

. 2. Transference of Hear-conduction, convection, radia-
tion. , 

3. Applications of (2) - Fireless cooker, clothing, ther­
mos bottle etc., etc. 

4. Temperature and thermometers. 
5. Effects of Heat- expansion, contraction, etc. 

• 6. Evaporation, boiling, melting, freezing, humidity. 
7. Condensation- rain, dew, snow, etc. 
8. Quantity of Heat-calorie, specific heat and applica­

tions. 
· 9. Heat ing of the home (project) . 

.Additional Instruction: 
1. Heat and Work- mechanical, equivalent of heat. 

Description of Joules experiment. 
2. What scientists have thought of Heat. What made them 

think differently. 
3. J.\folecular theory. 

Syllabus followed in lhe teaching of LIGHT to 9th 
Grade pupils. 

1. Sources of light. 
2. Total eclipse of tl:ie sun (project). Shadows. 
3. The velocity of Light. 
4. Reflection of light, mirrors. 
5. Refraction of light, lenses and illustrations in every-

day life. 
6. Optical instruments, camera, eye, telescope, etc., etc. 
7. Dispersion- spectrum, rainbow. 
8. Color. 
9. Lighting of rooms (project). 

Additional instruction: 
1. What scientists first thought of light. 
2. Why their ideas were discarded. 

: 3. Wave theory--ether, sound waves, electromagnetic and 
light waves. 



172 Development of Physics Concepts in H.S. Students . . 

Table 64. 

Notions of Heat before, immediately after, and 15 days 
after ordinary instruction (Group- 9X). 

*(The numerals have reference to the pupils. in Table 58) 

1. Warm temperature 
2. H ot air from fire 

3 . Sort of gas made 
by burning 

4. Breaking up of 
substance such as 
coal, give heat. 

5. Result of a chem­
ical change 

6. Opposite of cold 

7. C 0 m b U S t i O D 

of chemicals 

8. Air warmed by 
fire or rnn 

9 ... . ........ . 
10. Restllt of a chem­

ical change. 
11. Warm substance 

from vapor and 
fumes of coal 

12. A feeling, oppo>­
i te of cold 

13. P ott"er from sun 

14. Cond ition of tbe 
air 

15. H eat is ene rgy 
fnun the sn n 

16. A natural e lement 

17. H ot air o r ste'lm 

18. H ot air or vapor 
from fire 

19. Warmth 
20. Form of energy 

21. H ot air made by 
coal gas, etc. 

1. ................. . 
2. A vapor given off 

by burn ing sub­
stance 

3. A gas thar is 
warm 

4. A resnlt of com­
bustion 

5. Kumber of calo­
ries in a thing 

.6 A high tempera­
ture 

7. Something given 
off when two 
th inl!"S are rubbed 

8. The calories in a 
thing 

9. 
10. A substance l!"iven 

off by frict iou 
ll. A certain tempe­

rature 

12. Air that ha~ been 
heated 

13. Difference in 
temperature 

14. An unknown force 

15. A form nf e nergy 

H>. One of the forces 
from t he su 11 

17. A kin<l of ener!!y 
or po"·er 

18. Th<' Xo. or cn l­
orier to heat a 
g ram nf subst. 

19 ...... . ....... .. 
20. A kind of energy 

e.g. friction 
21. The result of 

friction 

1. 
2. A hot g-ns 

3 . Air that has been 
wa rmed 

4 . A result or oxid­
ation or J.uroing 

5. Kumber of cal­
ories in a thing 

6. A te111pcrnrnre 

7. Friction 

8. T he tt"armtb in 
c>a.lories or degrees 

9. H ot air 
10. R esult of fric tion. 

cbe111ical 1·banl!"e 
11. A ri~e in temper· 

a tu re 

12. 

13. 

14. Rometbio~ obtain­
ed bv frirtioo 

15. Ooe ·or t he formF- . 
of energy 

16. "-:.rm th :if rhe 
sun 

17. Enerir~- changed 

18. Specific.- H eat 

19 ...... . .. . 
20. Energy 

21. Wbat goes tt"ith 
friction 
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Table 65. 

: Notions of pupils before and after ordinary instruction 

and 10 days after additional instruction (Group 9Y.) 

1. .............. . 

2. H eat is heat 

3. Opposite of cold 

4. ~W armrh of sun 

5. A sort of gas 
made by burning 

6. H ot airt a sort of 
gas 

7. A warm tempeta-
tu re 

8. Hot air <•r stea11? 

9 .................. . 

10. Warmrh given off 
by a hot thing 

11. H ot gas or vapor 
from fire 

12. Something thrown 
from a fire or the 
sun 

13. 
14.Warmth 

15. H ot air or gas 

1. The calories in a 
thing 

2. An invisible sub­
stance 

3. A sort of energy 
from the son 

4. Radiation from a 
hot thing like the 
sun 

5. A result of fric­
rion 

6. A kind of vapor 

7. A high tempera-
rure 

8. 

9. Friciion 

10. Warmth or remp· 
era tu re 

11. A high tempera-
tu re 

12. Result of friction 

13. Oxidation 
14. Energy from fire 

or sun 

15. H ot air 

1 . The energy like 
that stcred in coal 

2. A fluid that flows 
from a hot to a 
cold thing 

3. A form of energy 
from sun which is 
changed to what 
we call heat 

4. The vibration of 
molecules of a 
thing is heat 

5. Heat is energy 
caused b\· frictiou 

ele<>t ricit}: or oxi­
dation 

6 . Air that has been 
heated 

7. A form or energy 

8. ~eat is the chang­
mg of energy into 
another kind. e.g. 
electr icity or heat. 

9. :'.!Iolecules moving 
is he:at 

10. Energy from the 
sun or other pow­
ers such as elec­
tricity 

11. :Yiolecules in the 
air that ha>e be­

come heated 
12. H eat is the mo­

"\°lng of little mo­
lecules in a thin,. 

13. A form of energy 
14. The faster the mo­

lecules in a th.ing 
vibrate the hotter 

it becomes. The 
>ibra tion of these 
molecules is heat 

15. A temperature of 
molecules in the 
air 
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(Table 65.-Continued) . 

16. An invisible sub­
stance in the air 

17. Invisible process 
made by t he sun 

18. That "l"l"hich keeps 
us warm 

19. A high tempera­
ture 

20. 

21. Air that has been 
"l"l"armed 

16. A condition follow- 16. Friction hen.-een 
ing friction the tiny molecules 

of a thing 
17. R ays from sun 17. A kind of energy 

18 ............... . 

19. A difference in 
temperature be­
tween twe th ing 

20. Warmth like 
steam or va por 

21. TempPrature of a 
thing 

18. 

causrrl by litt.Ie 
molecules in a 
thing nioving very 
fast or something 
in rhe air 

19. A kind of energy 
of molecules 

20. :>.loving of mole­
cules pfre heat 

in. Air or 1!''1S Iha t 
has a temperature 
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Table 66. 
Notions of Light, before instruction, after instruction, 

and 17 days after instruction (Group 9X, Table 59. ) 

Before inst ruction. 
1. A burni1.1g mass of 

rare gase' in th~ 
sun 

2. Rays of the sun 
3. Gases hurning in 

the sun 
4. R eflccriou of sun's 

rays 
5. Something a thin)! 

can be seen b• 
easily • 

6 . At mosphe re that 
can be seeu th ru 
better than in the 
dar k 

7 . Cond ition when a 
snbstn uc~ is hea t ­
ed to a h igh tem­
peratu re 

8. Reflection of the 
sun 

!J. SomC'thinir that 
makes thinl!s 
bright 

10. What enables us 
to see 

11. R ays from the 
sun 

12. Opposite of da rk 

13 . Brightne~s of the 
snn 

14. A form of encr,.!:-

15. Oppo;:itl.' of chrk 
16 . ... .. . ... ..... . 

17. Thr sun ·s ra.'' 

18. '1."hat en ables ' " 
to sec in the dark 

19. A condir;on of da.'· 
and nighr 

20. Brighmess of the 
day 

Afte·r instruction. 
1. Reflection on a n 

object 

2 ..... .... . 
3. L ors of colors 

combined 
4. Reflection fron1 a n 

object to e.n · 
5. Refkci ed rays 

from the sun 

6. Something that 
can be reflected 

7. R ays com ing from 
the sun 

8 . .. . ... ........... . 

9. R eflected suulight 

10 . Colors combined 
together 

11. Brig-h tness reflec t· 
ed f ror11 the sun 

12. R a.'s of the Run 

13. Someth ing iha t 
can be reflecrt'<l 
an<l dispersed 

14. Ener!.!• from t be 
sun. Power l•l see 
by rcrl ~ct ion 

l .'5 . Ref!ertion of <;Un 
lG. Somerlring ma rk 

llp of differPnt 
<:'olors 

17. A beam from ~ 
bright object 

18. Reflectiou of s 11n 
on earth . Romc­
thing composed of 
man• colors 
light. 

19. A reflected ray 

~O. Reflec tion or re­
fraction 

17 Days aft. instr. 
1. R e flection of sun · 

lig ht on an object 

2 . H avs o f the sun 
3. Substance of w anY 

color~ in the a ir -
4 . Rays m H e ling to 

the eye 
5 . ... . .. ........ . 

6. 8 omN hing rhat re­
flects t0 a n objec-t 

7. Something thar 
comes from an 
object of intense 
beat and reflects 

8. R ays from rhe su u 
that reflect to the 
e \·e 

9. R eflection o f s un 
on earrh 

10 . 

11. Reflected ra •s 
strikin.!! e •e · 

12. Sunlight s.trikin n-
the earth 

0 

13. A substance given 
off b,· the sun or 
an.' hnrning th ing 

11. Cerrn i 11 ran that 
re flect to ·th~ ew· 
arnl make thio;,s 
,-j~ i hlt- ~ 

l:'i. Run·~ r<-flPcrion 
16. A ref!ection of 

~nrnething bright 
like the snn 

Ii. Rays fa ll ing on 
som r thincr ancl. 
re f!Pctin"~ 

18. R eflect io'; of su n-

19. R ay<; f rom sun re­
flected to t lrP en• 

20. (Same as Xo. 8, 
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Table 67. 

Notions of Light, before instruction, after instruction, 
· and after additional instruction (Group 9Y, Table 59.) 

-Before instruc#on. 

1. R ays from the sun 
2. Shadow from the 

sun 

3. Sun shining on the 
earth 

4 .................. . 

· 5. Something that 
can be reflected 
by planets and 
stars 

-6. Thing 11iven out 
by the burning or 
t he SUD 

· 7. R ays From the sun 

6. Sun's re£lection 

·9_ Reflected rays of 
the sun 

· 10. A gort of elect­
ricitv in air which 
tra,·els with speed 
or 186.000 miles 
sec. 

-ii. ReFlectioo of the 
sun 

~12. 

..J.3. Reflection of the 
sun's rays on the 
earth 

A fter instruction. A fter add. instr. 

1. ...... ........... . 
~- Something · that 

can be broken into 
colors and re­
fracted 

3 . Something re-
flected to the 
eyes 

4 .......... ...... .. . 

5. Sun·s ran strik­
ing the ~arch 

6. R eflection of sun 

7. Sun ·s ravs rellect 
from object to 
eyes 

6. A color made up 
of other colors 

9. ReClection from 
the sun 

10. Something all a­
round 1111i\'erse 
which makes you 
see 

11. Color composed of 
all colors of the 
rainbow 

12. R eflection of san · s 
rays 

13. Something reflect 
ing from an object 
to the eye 

1. Rays in the ether 
2 .................. . 

3. Something from a 
burning body 
which is shot out 
thru the ether and 
strikes the eye 

4. Very small ether 
waves given by 
sun ""hich travel 
to us thrn air 

6. Small particles 
from sun to eye 
and from eye to 
object which is 
seen. 

7. A substance which 
travels thru ether 
in the air 

6. A color mad·e up 
or others and 
trnveling in waves 

9. A substance g iven 
off by burning 
objects 

10. Space is filled 
with ether, very 
~hort waves, 
thought to be 
electrical travel in 
this ether and af­
fect our eyes 

11. Tiny waves like 
water waves tra­
vel thru the ether 

12. Vibrations in the 
air 

13. That which has to 
do with an invis­
ible substance 
called ether 
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'(Table 67.- Continued). 

14. Reflection of gases 
burning io the 
sun 

15 ....... ..• 

· 16. Light is light 

14. Reflection of sun 
to eye 

15. What enables us 
t-0 see a reflection 

16. Light is light 
given off by the 
sun 

14. Reflected rays 
from sun that 
t ravel thru ether 
to earth 

15. Little bodies shot 
out by the sun on 
to an object and 
then t-0 the eye 

16. 
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ANALYSIS OF RESULTS ON HEAT AND LIGHT. 

The responses of both groups 9X and 9Y befo1e 
instruction are of the same type and generally likl} those 
found in Part 1 of the study. Immediately aft?r in­
struction the responses of both groups are different from 
what they were previously, with the exception of four 
students in Group 9X and two in Group 9Y who held on 
to their old notions among which were four "hot air" 
notions. 

It will be noticed, however, that the majority Gf 
students of both groups who change their nctions still 
have vague or erroneous notions. Certain elements of 
subject matter predominate and are involved in their new 
responses such as temperature, calories and friction. 
Only one pupil of rl::e 9X and two of the 9Y group have 
discarded their old responses in favor of new ones in­
volving some aspect of energy, two of group 9X originally 
thought of Hear as Energy and retained this notion. The 
three students who had chang_ed their old notio1 1~: to new 
ones involving energy were examined individually in the 
manner previously described. In two cases H eat waP 
ver y strongly associated with friction. In response 1. •) rhe 
question "Wl:y do you think Heat is Energy?" both said 
that it was produced by friction and that friction was 
energy. The third case gave as reason "because hea: can 
expand and smash iron bridges." 

Thus far, ho,,·ever, the notions of the two groups 
are very similar in form. After additional instruction to 
Group 9Y dif ferences are found. Whereas the notions 
of Group 9X are practically the same as before, only 
three notions in Group 9Y remain the same, of which 
two are "hot air" notions. Of these changed notions 
se,·en involve "energy'', eight some phase of "molecules'', 
two both "energy" and "molecules." Although some o:f 
these notions are erroneous or extremely vague, there is 
no doubt in the mind of the writer that additional in­
struction of tl:e kind given changes the vague notions of 
pupils to more complete, it not scientific, concepts. 
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In order to account for the common erroneous no­
tion of Heat as "hot air" which was found existent in 
P art 1 of the study as well as in these groups, individual 
examination was resorted to. For this purpose, essays 
were writ ten by two 9th Grade Biol_ogy classes (not con­
nected with the teaching experiment) and thirteen of 
the pupils wl:o had given the "hot air", "warm gas" r e­
sponse examined individually. Samples of these questions 
and responses are given in three cases: 

Case 1. D.H. Boy. Age : 14-8. I.Q. 109. Grade 9_ 
Q. What do you think H eat is ? 
A. Hot air , warmed air. 
Q. What makes you think that? 
A. Why .. . . that's the kind of heat we have. 
Q. Wl:ere? 
A. In our house. 
Q. But isn't there Hea t outside too? 
A. Yes .... air that has been war med by the sun. 
Q. But can't you have hot iron or hot water? 
A. Yes. 
Q. Well, what is heat in that case? 
A. It must be something in the ir on. 

Case 2. F .S. Boy. Age: 14-5. I.Q. 110. Grade ~· 
Q. Wbat do you think Heat is? 
A. Hot air. 
Q. Why do you think so? 
A. You can see Heat over a radiator. 
Q. Is that t he Heat you see? 
A. Yes, the hot air that rises from the radiator. 
Q. When a thing is hot do you always see that hot air-

r ising? 
A. No, but it is l:ot. 
Q. What is hot? 
A. The air near ir. 
Q. Supposing it were a piece of iron, wouldn't the iron: 

itself be hot? 
A.Yes. 
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Q. Then why do you think heat is hot air? 
A. It must be something in the iron. 

·Case 3. M.F. Girl. Age: 14-11. I.Q.87. Grade 9. 
'Q. What do you think Heat is? 
A. Hot air. 
·Q. Why do you think so? 
A. Because hot air is used to heat houses. 
-Q. But can't you heat houses with fires? 
A. Yes, but the fire heats the air. 
·Q. But isn't the fire itself hot? Won't it burn you if Y.JU 

put your hand in it? 
.A. Yes. 

Of the thirteen cases examined all but two associated 
Heat with either the heating of houses or the tempera­
ture outdoors. The two pupils who had thought of Heat 
as "hot gas or vapor" said that it was given off by fires 
-or burning things. The cause of this erroneous notion, 
therefore, seems to be that the most common associations 
of Heat in the mind of the student are erroneously taken 
to be, in an unreflective way, equivalent to Heat itself. 

In tl:e case of Light, the responses differ from each 
·other in practically the same way. Certain subject mat­
ter such as r eflection, color, etc., is closely associated 
with Light and embodied in the responses. A rough ex­
amination of the responses of Group 9Y after the ad­
ditional instruction shows that their responses have 
changed in kind, reference being now made to ether 
waves, etc. A closer analysis, however, will show that 
these new notions are extremely vague. Responses like 
the following show this vagueness : "Light is very small 

• ether waves given off by the sun which travels to us 
through the air", "Small light waves in the air and re­
flected to the eye". "A substance which travels through 
-€ther in the air". 
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Three students readily gave the Corpuscular Theory, 
or something resembling it, given in the developmen: 
during tl:e additional instruction. Three stuck to their 
previous ideas although they were perhaps worded in a 
slightly different way. 

Fr om personal observations in the classes while 
teaching, the writer would say, firstly that extreme dif­
ficulty was encountered in the additional teaching of 
Light. The idea of a Iuminiferous ether, as a "universal 
jelly so thin as to pass r eadily through any known sub­
stance and to permit the densest substance to pass 
through it ...... a jelly so thin that it has no appreciable 
weight" to quote from Hoadley's Physics, seemed fairly 
ludicrous to the class. It '';as difficult to get them to ap­
preciate why existence of ether had to be assumed or 
why the corpuscular and other theories were untenable 
or how we know that light travels in waves and why not 
in rays. Pains were taken to stress the term "theory", to 
explain what a theory means and also to mention the 
fact that until some other explanation same forth, we 
would believe the existing theory. 

Secondly, in the additional instruction in Heat, the 
difficulties were not so unsurmountable. The experience 
of the pupils could be called in, such experiences as 
friction, compressing the air in a bicycle pump, and the 
connection between the energy expended or work done 
and the heat generated could be formed. 

Romford's observations in the boring of cannon and 
Black's experiment in rubbing two pieces of ice together 
were really not so strange to these pupils. The discussion 
of the molecular theory was nor quite as easy, but the 
difficulties encountered were small in comparison to 
those met with while discussing theories of light, for in 
the latter it was almost impossible to call in the aid of 
the child's experience. 

From the results of t_he experimental teaching and 
the individual examinations, the writer makes the fol­
lowing conclusions:-
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~1) The ordinary course in Heat as part of Gen­
eral Science did not appear to change the 
nai:ve concepts of the experimental groups to scien­
tific ones. Additional instruction on the nature .)f 
Heat, however, causes the majority of pupils to forw. 
scientific notions. In other words, special instruc:tion 
as to the nature of Heat has to be given in the ordi­
nary General Science course, for scientific notions . 

.(2) The ordinary course in Light as a part of General 
Science did not appear to give children a scientifk 
concept of Light. Unlike in the case of Heat, ad­
ditional instruction in Light to one group failed 
generally to produce scientific notions. The old no­
tions were changed but to extremely vague ones. 



CHAPTER XII. 

ADDITIONAL DATA ON DEW FORMATION. 

The concepts of Dew given in Part 1 of the study 
· (Table 8) were by no means generally scientific in the 
General Science and Physics grades. Only about a third 
of Physics and about 15 % of General Science stu­
.dems had scientific notions of Dew formation while 
erroneous and vague notions were very common. 

Does this mean that t he concept is too difficult to 
be formed by pupils of t hese grades? Another questi·m 

: is just why and how are wrong notions formed. For the 
. pre-science child to think that dew falls from the clouds 
like rain is perhaps only natural and it may be said 
that the science student having this notion probably 
formed it in a similar way. 

One would expect, however, that such wrong notions 
would be discarded after treatment of the subject matter 
in the classroom. But do such wTong notions a utomati­
cally disapear or have we to exert special efforts to clear 
the minds of our pupils of their misconceptions? 

In an effort to throw some light on these questions, 
methods of classroom teaching were controlled in the fol­
lowing manner : Group IIX was instructed in the usual 

·way about Evaporation and Condensation and their ap­
pJication, the plan of presenting subject matter following 
that of most texts of Physics and given below. Dew for­
mation was not taken up in greater detail than rain, 
or snow formation, for instance. 
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Group IIY followed with the same plan of subject. 
matter presentation, but with the exception that spe--­
cial attention was given to the erroneous notions held in_ 
general and in particular by the group-these having:_ 
been previously determined. The adequacy of these 
wrong notions were put to the test either by experiment 
or classroom discussion. 

Before instruction began, t he pupils were asked to 
answer, amongst others the question "Tell how Dew gets 
on the grass" . The explanations given were then recorded. 
Three weeks after conclusions of instruction on this... 
subject matter, the same question was again answered by 
the pupils. 

The whole experiment was repeated with the 9th 
Grade groups, Group Y in this case again receivin~ 
remedial instruction but not Group X: 

The plan of reaching was out_lined as follows: 
1. Evaporation and Condensation-discussion based on · 

every day experience of pupils. 
2. Laws of Evaporation and Condensation. 
3. Air and saturation. 
4. Explanation of common phenomena. 

a. Rain, Fog, Mist, Snow, Hail, Dew. 
b. Experiment to find Dew Point. 
c. Explanation of experiment. 
The following erroneous notions were found in the-­

groups before instruction, and especially emphasized in 
the teaching process : 
1. Dew falls out of the clouds. 
2. Dew comes out of the ground. 
3. Dew comes out of the grass, given off by the grass. 
4. Falls out of the air when it gets cold at night. 
5. From fog, mist, etc. 

In the tables that follow, the notions of every pupil 
before and after instruction are given, the numerals pre- . 
ceding the notions have reference to the pupils (Tables 
57 and 58): 
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Table 68. 

Responses of pupils before and after instruction to the -
question: "Tell how Dew gets on the grass." 

GROUP IIX. 
Before 

IIX. 

1. F alls from the clouds 

2. Grass or any cold object chills 
the air until it deposits 
moisture 

8. By condensation 

' · Moisture fa lls on grass a t 
night 

5. Moisture in a ir cooled falls on 
the grass 

6 . Condensing of air 

7. H eavy fog or mist leaves 
drops of wate r in grass 

8 . By evaporation of water by 
night . 

9. Falls from the clouds 
10. Low temperat nre at night 

condenses vapor in a ir 
ll. Vapor touching cold grass 

changes to moisture 
12. F alls from clouds 
18. Condensa tion of water vapor 
14. Fog or clouds give up some of 

vapor in form of Dew 

After 

IIX 

l. Ya par condenses on I? rass 
which is cooler than the a ir 

~- (Same as 1) 

3. Grass colder than air and 
vapor in air coudenses on the 
grass 

4. Condensation of water rnpor 
on grass 

5. ~foisture in :iir cooled t-0 dew 
point b: cold grass and con­
denses on the grass 

6 . Condensation of water vapor 
in air on cold )!rass when dew 
point is reach ed 

7. Fog changes to drops of colcl 
water 

8. Condensation of water vapor 
on grass which i" cooler than 
surrou nding- air 

9 . (Same as ~o. ll 
10. ISame as Ko. 1) 

ll. (Sa.me as Xo. 1) 

12. F alls out of the air s t night 
13. Condensation of water vapor 
14. Air becomes saturated w'rh 

vapor ancl so gets on !Hass 
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Table 69. 

_ Responses of pupils before and after instruction to the 
question: "Tell how Dew gets on the grass". 

GROUP IIY. 

Before 

IIY 

1- B_• rnndensation 

:L }foisture condenses 
3. Like rain from clouds or air 

at nioht 
4. Conde~sation of water vapor 
5_ Cold at night so dew forms on 

grass 
6. Cooling at nigh draws water 

from the ground 

7. Transpiration of grass at 
night 

8. F og or mist lea ,·es drops on 
g rass at night, from the 
cloach 

9. Falls from damp air at night 
10. Deposited by wind laden wit'i 

mo is tore 
11. }foismre fa lls and wets graso 

at night 
12. From the rlouds on a col<l 

night 
13. -Water e'·aporates durin!! 'Ind 

c-ondenses at n ight 
14. Low temperature condenses 

,-apor in ai r at night 

A fter 

IIY 

l. Chass cools mun' rapidly than 
air at night anJ if air is :il­
most saturated the cooling will 
condense some vapor on the 
grass 

:2. (Same as No. 1) 
3. By condensation 

.l. Condensation of water vapor 
5. (Sa.me as No. 1) 

6. Condensation of vapor of air 
on grass which is colder than 
air 

7. Condensation of vapor from air 
on C<Xl l grass 

8. f="ame as ~o. 1) 

!l. 1Same as ~o. l ) 
10. Condensation of vapor on cold 

grass 
11. !Same as ~o. 1) 

12. ( ~ame a~ N o. l ) 

13. "'nen temperature reaches 
dew-point. dew is formed 

14. Condensation of water which 
is in the air on g rass which L3 
colder tha n surrounding air 
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Table 70. 
Responses of pupils before and after instruction to the 

question: "Tell how Dew gets on the grass". 

Before A f ler 
--- - - --- - - ------- --- ---- - -- -

9Y 

-1. Out of the clourls 

2. :From the .. lo11ds 
3. T he sun crnnorates moisture 

in the early ~1ur111ng 

4. )foisture frorn air !!ets on 
grass in the early mornin:r 

5. Falls from clouds like k ind of 
rai11 

6 . Tl11·01r!!h the stom ata lea"t"es of 
the grass 

7. D ,impne;s from the ;;n111ni! 

S. Dew is nothing but fog or 
mist 

9. Moisture fa lls out of air in 
early morning 

_10. Condensat ion of moisture on 
the i:rrass 

11. F o,!! "·et~ the g rass a t nigh t 

12. Out u f t it<' d:! mp g round 

13. G rass g i\'es off drops o[ wa ter 
called Dew 

14. D ew IS moistur e brought by 
chilly winds 

15. D ampness in au changed to 
drops 

16. A ir condenses whe n the night 
is cold 

17. From moist ure in the air 
18. Frr- 111 moi•tun' in the a ir 

19. :=\11 n d ra Wti wate r into a ir a rnl 
when sun sets n·ate r fa lls out 
again 

20. Out of thP d ouds 

-21. F a lls out of sky at n ight 

9Y 

1. \\.atcr in clouds conde nsed hy 
the cold a ir of n i!!ht 

2. It is contknsNl -
3. The rnpor in ai r cha nges hack 

li1 W•tter heea uc:e gr:i ss cools 
the air 

·I. Condensation of \'<1 Jl<W in ~old 
n1ornin.!! on grass. wh irh is 
col<l enough 

5. Conde nsat io n >f \·a por ou 
)!n 1 •• l'C:oll'd ro t hP d"w po' nt 

(i. F,- c·undPn•a tin " t ltc· 11111is t url" 
i1; t he air ~ 

7. i\fo i,t 1m · in t lr!' ~ ir is M !l­

drnsed on " nlrl .(!rass 
S. 'I'he ('0111IC'nsation of a kind of 

fo.(! . on rlH• ;.rra~• "·hich is 
clllu 

9. D e" · i~ 111ois r11r1' from the , ir 
fo rming on the l!r3 '$ which is 
colder cha n a ir 

10. (Same <1s ).'" o. 3) 

11. \"a por i' conrlensi;d on t he 
co ld :.rra ss 

12. \r hen Dew point is reached 
,.a por in air fo rms d rops of 
w a tt'r 011 ,!.!ra ss 

13. B\' t>rnpornt ion a nd concle ns­
ation 

14. Y apor is "ondeo.:ed hack to 
wacer 

15. Condensa t ion of moistu re on 
g"rns; n·h ich is older t hao a ir 

16. By the eonden arion of evap­
orated " ·arer 

17. ! Sa me as .:\o 31 
18. The rn por in the air 'Which 

is satnrated is cooled hy the 
grass and fa lls on it 

19. T he colt! of che nig ht takes 
moi~rn re from thf' a ir 

20. \" apor condensed just like 
steam chan!!ed to water. The 
grass is coid enough ro con­
dense it 

21 . G ra ss cools the air so much 
tha t i t loses its moisture 
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Table 71. 
Responses of pupils 

question : "Tell 
B efore 

before and after instruction to the· 
how Dew gets on the gras3." 

9X 
1. F rom clouds at night 

2. Ou t of g round at n ight 

3. Falls from clouds !lt night 

4. Low clouds wetting the grass 

5 . Dampness falling on grass at 
night 

f>. Clouds in air lost some of 
their moisture during the 
night 

7. Caused by meeting of cold and 
warm air at night 

8. F og settling on grass in cold 
of night 

9. Dampness gets on the grass 
at night 

10. Leaves of grass sweat like 
all plants 

11. Clouds decend on grass wet­
ting it 

12. .\Ioisture in air is condensed 

13. Sun is not ont to hold mois­
ture in the ai1 so it settles on 
the grass 

14. From t he clouds like rain. 

15. Ernporation or 111oisture at 
night 

16. From the clouds 
17. Dew is noth ing hut fog 

18. By the beat of the air 

19. When sun r ises in the morning 
vapor in the air condenses 

20. Dampness in the air at night 

fil.. Moisture fall ing on grass at 
night 

A fter 

9X 
1. Fulss out of t he air when it ' 

gets cold 
2. Out of the ground "·hen it 

condenses 
3. Condensation or water en 

grass wh ich is colder than . 
surrounding air 

4. Mist condensing in t>ar l: 
morning on the l!rass whi1·h 
is at a low rnough temper' 
ature 

5. When temperntun' fa lls vapor 
condenses 

o. F alls from the ~b· wh<'n a ir 
cannot hold its rnoisture 

7. The air is too cold to hold 
the moisture so it falls on the 
grass 

8. Grass is cold :ind condens<'s 
moisture in the 3 ir 

9. W ater vapor is condensed on 
cold grass a nigh t 

10. The grass r-nnnot hole! thl> 
moisture before sunrise 

ll. From the clomls n-he 11 the­
Dew point is reached 

12. The cold grass is at the Dew 
oint and C'Onclenses th e wat-er 
vapor in the air 

13. In da}-time 'l'l"atcr is ernporated 
by sun a ad at nii?ht the grass 
c.-ondenses it 

14. By evaporation aad condens­
at ion . "·hen elands becorn<' 
saturated with moisture 

15. The sweating 0f irrass like a . 
pitcher 

16. Om of the clouds or a fog 
17. Condensation o i fog or m ist 

in ca r lv morning au grass . 
which is colder 

18. I t falls when rhe moisture in 
the air gets too heavy 

19. Condensation of vapor on the 
cold grass 

20. Bv both the evaporation and 
c~ndensat!on of 'l'l"ater 

21. The air loses it~ moisture 
which is deposited on grasa 
~ • night 
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ANALYSIS OF RESULTS ON DEW. 

For convenience in comparing the groups as a 
· whole, the notions have been classified as correct, vague 
. and erroneous in accordance with the method adopted 
for Table 8, Part 1 of the study on Dew. 

The percentage of responses then are:-

IIX *IIY 9.X *9Y 

I 
I Correct 
J Vague 
j Incorrect 

I 

I I 
I 14.3 64.3 I 0.0 80.0 l 0.0 33.3 II 0.0 61.9 1 
I 35.7 21.4 I 46.7 20.0 I 9.5 28.6 23.8 28.6 
I 5o.o 14.3 ] 53.3 o.o I 90.5 38.2 ! 76.2 9.5 1 

I I I i I 
In both the IIY and 9Y groups the percentage giving 

a correct response after instruction is higher than in the 
IIX and 9X groups, although two students in Group IIX 
had correct notions before instruction started. 

In group IIX two students were left with incorrect 
notions after instruction, in group IIY none. In group 
·9x, however, 38.2 % still have erroneous notions, 
whereas in group 9Y only 9.95 %- In group IIX and 
IIY, the percent giving vague notions is decreased by in­
struction, in groups 9X and 9Y increased. This is 
-caused as follows: Both methods of instruction have 
caused most of the 11th Grade pupils to change their 
previously vague and erroneous notions to correct ones, 
whereas in Grade 9X although 38% of pupils change 
their erroneous notions to vague ones, 38.2 % retain 
-erroneous ones. For Grade 9Y the percents are 28.5% 
and 9.5%. 

The significant factor about the two 9th Grades is 
that in 9X, 38.2 % retain wrong notions ,whereas in 

· 9Y, only 9.5 % do this. This significant difference does 
not exist in the two 11th Grades. 

This would mean that the special emphasis on er­
. roneous notions did not appear to make as significant a 
difference in the 11th as in the 9th grades. 

' (* Groups with remedial instruction). 
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In the Sth Grades, the change from erroneous no­
tions to corr ect is small compared to that from erroneous · 
to vague notions. 

The explanation involving "condensation" only, 
without any elaboration was classified as vague, and the 
majority of vague notions of Grades 9X and 9Y after 
instruction are of this nature. Had the student been for­
bidden to use the term condensation, the responses pro­
bably would have been more ex-plicit. The writer feels, . 
however , that even a change from an erroneous to this 
"condensation" notion, if not to a scientific notion, is sig­
nificant in the teaching process. 

The fact then frat the percent of vague notions after 
both methods of instruction is large, does not mean that 
no change has been wrought in the pupil's notions, or­
that special emphas~s on erroneous notions increases 
vagueness in pupils, for vagueness as used in connection 
with this particular concept may be, and is, in t his 
case, where condensation is involved, preferable to mis- . 
conception. 

These results lead to the following conclusions: 

(1) Special 'remedial' treatment of erroneous notiom · 
held before instruction was efficacious in that it not 
only left the 9Y group with a much greater percen­
tage of scientific notions but also with a signifi- . 
cantly smaller percent of wrong notions. Although 
these differences are also found between the IIX and -
IIY grcups, they are not as significant. 

(2) Although methods of instruction were similar to 
corresponding 11th and 9th graders, a larger per­
cent of the former than of the latter are left with · 
scientific notions, the difference being greater be­
tween the groups that had no 'remedial' instruction. 

(3) Almost the same percent of 9th Grade students 
who had had remedial instruction had scientific no­
tions of Dew as of 11th Graders who had had no , 
such instruction, (61.9%- 64.3%.) 
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( 4) Scientific notions of Dew are not too difficult to. 
be formed by both General Science and Physics stu-­
dents. 

(5) It seems to the writer that it is desirable to com- ­
bat erroneous .notions directly and not indirectly, 
that is, not to trust only to the efficacy of new sub­
ject matter , as such, to rid a pupil of his old no-· 
tions. If new subject matter is a direct challenge to · 
his old beliefs, it may lead him to reconstruct them, 
but the mere presentation of new subject matter· 
may or may not affect his preconceived notions or 
long standing. 



CHAPTER XIII. 

ADDITIONAL DATA ON EBULLITION. 

In Part I of this study the results of test questions 
' on Boiling were given with certain conclusions. Two 
wrong notions that were found to a significant extent 
were ( 1) , that tepid water can be boiled without heating 

. by pouring cold water over the container. (2), that the 
bubbles in boiling water cont.ained air. Further, it was 
found that the number of General Science students and, 
for that matter, Physics students, who understood the 
relation between Boiling Point and air pressure, was 
relatively small. 

To account for the erroneous notions by examination 
· of results of Part l is a matter of conjecture. Notion No. 
1 above is probably the result of an experimental demon­
stration that was referred to before. It is not likely that 
the notion of "air bubbles" in boiling water is formed 
during the study of Physics or General Science for the 
notion is almost as common among pre-science students. 

· The fact remains that the study of Boiling in a Physics 
course does not dispe1 this notion. The notion may be 
formed, in the opinion of the writer: (1) by drawing 
attention to the fact that early in the boiling process 
bubbles of dissolved a!r are forced out of the water. (2) 
by not understanding thoroughly the boiling process it­
self. (3) by otl:er factors. 

It is hardly Iikely that (1) above would cause this 
in view of the fact that pre-science students also hold 
this notion. The second reason seems more plausible, for. 
after all, children's notions of boiling are very vague. 
Moreover, it is very likely that science teachers would 
not take the time to describe in detail a phenomenon 

·with which they think ·every child is familiar. 
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It was to try to explain notions like these that the 
writer decided to resort to actual teaching of groups un­
der controlled conditions of method. 

Procedure : Groups IIX and IIY, 9X and 9Y were 
given the test questions on boiling of Part 1 before in­
struction. The groups were taught the ordinary subject­
matter relating to change of state (Melting, Freezing, 
Evaporation, Condensation, Ebullition) as part of the 
course on Heat, with the following exceptions: 
(1) Groups IIX and 9X were given a different experi­

ment (to be described) to demonstrate the effect 
of pressure on the boiling point from that given to 
Groups IIY and 9Y. 

(2) In the case of Groups IIY and 9Y water was actual­
ly boiled and the phenomenon described in detail. 
In the case of the X groups this was not done. 
·Otherwise instruction was as nearly the same for 
both. as conditions would permit. 'I'wo weeks after 
'instruction had ended, the groups were again given 
ihe test questions on boiling and also a set of ad­
ditional questions to be described later. 
The fact that water will boil at a lower temperature 

-when the air pressure is decreased is demonstrated by 
,Q;ne of two, or by both, methods in most Physics classes. 
'This too, happens to be about the only laboratory de­
monstration that is given in connection with the study of 
Ebullition. They rriay be described as follows: 

Demonstration X (given to X groups). A flask half 
full of water boils, a thermometer showing the Boiling 
Point to be 100°C. While boiling, a one-holed stopper with 
a thermometer is inserted into the neck of the flask and 
flame removed. Boiling stops. Cold water is now squeezed 
over the flask by means of a sponge and water again 
boils-the ther mometer showing a temperature below 
100°c. 

Demonstration Y (given to Y groups). Water is 
boiled in a f lask and a thermom€ter shows temperature 
to be 100°C. Water is allowed to cool until temperature is 
(say) 85°C. Flask and water then put under receiver of 
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air pump. Receiver is partly exhausted of air. Water 
again starts to boil, temperature being bel9w 100°C. 

In addition to the ordinary set of test questions~ . 
given after instruction, the groups answered tl:e follow­
ing special questions: 

(Part 1.) 

1) Under what conditions will water boil at a lower 
temperature than usual? · Describe an experiment that: 
would demonstrate this. 

(Hand in when finished for Part 2.) 

(Part 2 . ) 

1) Water is boiled in a flask, a thermometer in 
flask shows the temperature to be 100°C. After t he water 
has been boiling for a while tl::e thermometer is removed. 
put through a rubber stopper and the stopper and ther­
mometer inserted into the neck of the flask. The flame is 
removed a t the same time. The water stops boiling. After 
a few minutes, cold water from a sponge is squeezed 
over the flask and the water starts boiling again although_ 
the thermometer shows a temperature of about 85°C_ 
Explain in detail why the water started to boil again. 

'

: · · ·-~-i-o......,I;,. 

. -·. {lo.sk 
~ - ..... r..,, 
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2) A flask of water having a temperature of 85°C 
is placed under the receiver of an air pump. The air is 
gradually pumped out of the receiver and the water 
starts boiling although the temperature is only 85°C_ 
Explain why ? 

) 
- --- -rf:t.,_~~ 

'Fl ~sk 4 ..,4 t; 

The object of giving these additional questions was . 
to find out:-

1) How, well each demonstration was remembered 
and understood. 

2) Whether pupils could explain the demonstration 
they had not seen. 

The responses to the two tests and to the one just d1:­
scribed appear in the following pages. "Scoring'' was 
carried out as in Part 1. For each group there are two· 
columns of percents, the first being the results of the· 
t est before instruction. 
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Table 72. 

Percentage frequency of responses to questions. 
"What is meant by the Boiling Point of a Liquid?" 

GROUPS IIX IIY 9X 9Y 

I I I I I I 
I I 1 2 I 1 2 I 1 2 I 1 2 l 
1 I I I I I 

Temp. at which vapor I I l I I pressure equals or exceeds I 1 
I p ressure of air above it .. I 0.0 2i.4 I 0.0 13.3 I 0.0 9.5 0.0 4.0 I 

Temp. when liquid has I I I 
., greater pressure than the air I 0.0 a.3 I 0.0 13.3 I 0.0 4.8 l 0.0 9.5 

I When liquid changes to I I l I I steam or vapor .. .. .. .. I 14.3 14.3 I 13.3 20.0 I 9.5 23.8 I 9.5 19.5 

·1 When its temperature is I I I 

28.6 \ 
I ) I lOOOC or 2120F . . .. .. I 0.0 2i.4 I 6.7 26.1 I 0.0 0.0 33.31 

I The hottest it can become j 14.3 o.o I 20.0 0.0 j 19.0 4.8 j 14.3 4.8 

I When bubbles rise to the I I r I 
9.5 ~ I top .. .. .. .. .. . . .. I 2s.6 0.0 1 33.3 o.o I 23.8 4.8 I s3.3 

I When air in liquid is expell- I I I l I I ed (or) .,hen it gives off I I I I I I oxy. byd. etc. .. .. .. I 7.1 1.1 I 0.0 o.o I 0.0 4.s I 0.0 o.o I 
I When it boils .. .. .. .. j 7.1 o.o r 0.0 o.o I 9.5 o.o I 9.5 o.o I 
I Miscellaneous .. .. . . .. I 0.0 14.3 I 0.0 20.0 I 4.8 9.s I 9.5 14.31 

l No answer .. .. .. .. . . I 14.3 o.o T 6.7 6.7 I 9.5 4.8 I 4.8 
0.0 ' 

1 I I l I J 
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Table 73. 

Percentage frequency of responses to other questions** in 
test before and after instruction. 

JlX IIY 9X 9Y 

I I Questi<»1 : 

I 2) Bubbles in boiling water 

·1 contain: air, co.2 oxygen, ! 
j etc. ' . . . . . . . . . . . . . . J 64.3 

I Steam, vapor . . . . . . . . 14.3 

I 3 ) Bubbles in boiling alcohol 

I contain air, C0 -2. oxygen, 

I etc.. ... . ..... . ... .. . 

1 Alcohol vapor , steam from 

I alcohol, e tc. . . . . . . . . . . 

"f 4) Boiling Point of water is 

I ioooc . . . . . . . . . . .. .. 
J 5) Boiling Point of water is 

j ::20

:11. ;iq~;d~. ~i·I ~~ ~~~~ 
j temp. False . . . . . . . . . . 

I 7 ) I lb. of water boi!s at 

j a lower tem p. than 2 lbs. 

J of water. False 

42.9 

I 
I 14.s 

I 
I 35.7 
I 

I I 14.a 

I 
I 11.4 

I 
I 

2 

I 

I 
I 
I 

5o.o I 1u 

28.6 1 20.0 

I 
~s.7 I 4o.o 

21.4 1 13.3 

I 
100. 1 40.0 

ss.1 I 20.0 

I 
92.9 I 46.7 

I 

I 
z I 

I 
I 
I 
l 

26.7 l 57.1 

66.1 I 14.3 

I 
13.3 I 38.o 

I 
53.3 I 9.s 

l 
93.3 1. 28.6 

r 
80.0 I 4.8 

I 
93.3 I 61.9 

l 
I 

93.3 I 42.9 

r True . ..... . . . .... . 

loo. I 46.7 

o.o I 53.3 o.o I 23.0 

I 5o.o 

I 42.9 

I 8) Boiling P oint of water 1 

j constant. More heat only 
I 
I 
I 

f 
! 

f changes it to steam but does 

not raise its temperature . . I 35.7 

9 ) There 

between 

is no difference I 

boiling and e,·ap . I 

False . . . . . . . . . . . . . . I 35.i 

Trne . . . . . . . . . . . . . . I 57.2 

92.9 1 4o.o 100. i 42.9 

I 
r ; 

loo. I 4o.o 93.3 I 33.3 
o.o I 46.1 o.o ! 47.6 

11) Water boils below 1000 I I I 
I ;n an airship . Becanse a ir I I 1 
I 
I 
I 
I 
r 

pressure is less . . . . . . . . 

QueJtt. I, Part 2. To boil 

water below lOOOC. 

1) Reduce pressure above it 

I 0.0 92.9 l 0.0 86.7 I 0.0 

I I I 
I I I I 0.0 28.6 I 0.0 40.0 I 0.0 

I r f 

I 
2 I 

I 
I 

::: f ·:: 

33.3 I 42.9 

l 
19.o I 9.4 

95.2 , 19.0 

I 
66.7 I 9.5 

I 
I 

8 1.0 r 52.4 

I 
T 

oo.5 T 62.4 

9.5 I 33.3 

I 
I 
I 

90.5 l 38.0 

I 
i 

81.0 I 23.B 

19.o I 38.o 

I 
I 

66.7 I o.o 

I 
I 

14.3 I 0.-0 

r 

2 

33.S t 
59.4 t 
19.0 f 

"·· I 
100. l 
71.4 

85.7 

r 
s5.7 I 
iu I 

96.2 

I 
I 
I 

76.2 1 
23.s I 

I 
I 

1 i.4 I 
I 
I 

2s.s I 
I 
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TABLE 73.-Continued. 
IIX llY 9X 9Y . 

-1.- I 

I I 1 
l 

2 I i 2 \ 1 2l1 2 t 

46.7 t o.o 0.0 o.o 57.l I I I 
J 2) -Put in air pump. . . I 0.0 

I 
o.o I o.o 

j 3 ) Flask experiment . . . . I 0 .0 

j Q,.cst . 2, Part 2. To boil I 
64.a I o.o 

i 
0.0 I 0.0 76.0 0.0 0.0 I 

I I 
80.0 I o.o 47 .6 I o.o 
13.a I 38.o a8.o 1 28.s 

I i 

I water above lOOOC I 
j 1) Increase press. I 0.0 

I 2) Erroneous I 57.2 

I J 

I 
i 

s5.7 I o.o 
u .s I 46.7 

I 
'**For test questions see Chapter VIII. 

Table 74. 

61.9 

14.3 1 

Percentage frequency of responses to question: "Tepid 
water can be made t0 boil without heating it." Is this 

true? Why? 
RESPONSES. nx IIY 9X 9Y 

I I I I I 
I 1 1 2 1 1 2 1 1 21 1 

--.,-----:-----:----'--=~ j True . . . . . . . . . . . . j 28.6 100. I 33.3 100. I 19.0 95.2 I 23.8 100. I 
I Fa.1.se . . . • . • . . . . • • I 64.3 0.0 [ 53.3 0.0 I 66.7 4.8 I 61.9 0.0 I 
I No ch oice . . . . . . • . . . I 7 .1 0.0 I 13.3 C.O j 14.3 0.0 I 14.3 0.0 I 
1 R ea :1ons. (True) j I I l ) 
I 1 ) II pressure of a ir is de- I I f 
j creased . . . . . . . • . . . . I 0.0 35.7 I 0.0 46.7 i 0.0 14.3 l 0.0 23.8 

j 2) By puttin g it in air • I J I 
I pnm p etc. . . . . . . . . 

1
1 0.0 0.0 0.0 53.3 I 0.0 0.0 I 0.0 66.9 l 

I 3) Putting it in flask, p ut J I l 1 
I stopper on and pour cold I I 1 1 j 
I water over flask . . . . . . I 0.0 28.6 I 0.0 0 .0 I 0.0 38.0 r' 0.0 0.0 ·1 · 

r 4) Put in flask , boil wat er. I I 
I etc. . . . . . . . . . . I 0.0 21.4 I 0.0 0.0 I 0.0 33.3 I 0.0 0.0 I 
I 5 ) Add chemica!s j 14.3 o.o I 6.7 o.o I 9.5 o o f 9 s 4 8 T 
I 6) M is cellaneous . . j 0.0 0.0 j 6.7 0.0 j 9.5 o:o j 4:8 o:o t 
I R easons (False) I J I I 
1 Heat is neeessary for boil- j I I l 
1 in::- . . . . . . . . . . . . I 42.9 o.o I 40.0 o.o 52.4 o.o I 42.9 o.o 
l It rr.::s t be heated to its I r I T I 
I E.P. (which is IOOOC etc . ) J 7.1 0.0 j 0.0 0.0 J 0.0 4.8 J 0.0 0.0 l 
1 No r eason . . . . . . . . I 35.7 14.3 I 46.7 0.0 I 28.6 9.5 I 42.9 4.S r 
I I ! I I T 

2 
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Table 75. 
Percentage frequency of explanations to:­

:"Tell why a change in air pressure causes a change in 
the Boiling Point of water." 

IIX llY 9X 9Y 

I I 1 

l 1). Pressure above not so I 

j , ~reat therefore press. - ure of I 
· vapor won't have to be so I 

irreat to overcome it. It will 

I overcome it at a lower temp. I 0.0 

~ 2) The less the p ressure the I 
j easier it is for s team to es- I 
j cape, or for the bubble; to 

~ rise . . . . . . . . . . . . . . . . 0.0 

f 3) Molecules can escape 

2 i 1 

I 
I 
i 
I 

21.4 I 0.0 
I 

I 
I 
I 

a5.i I o.o 

I 
I J more easily if pressure is 

1 greater . . . . . . . . . . . . 

] 4_) Because t h e lowe r the 

0.0 i .1 l 0.0 

q presure the lower the B. P. I 14.3 

1 5) Because it does not take j 
1 so long to boil . . . . . . . . 1 14.3 

1 6) Same as No. 1 in form I 
I but incorrect . . . . . . . . I o.o 

[ 7) N o r esponse . . . . . . • . j 71.4 

1 I 

I 
14.3 I 6.1 

I 
7.1 I 26.7 

I 
14.a I o.o 

o.o I 66.7 

I 

Table 76. 

2 I 1 

I 
I 
I 
I 

26.i I o.o 

I 
\ 
I 

26.f I 9.5 
I 

I 
I 

o.o I o.o 

I 
13.3 I 9.5 

I 
o.o I 14.a 

I 
20.0 I o.o 
is.a I 66.7 

j 

2 I I 

I 
l 
l 

4.s I o.o 

I 
I 

14.3 t 0.0 

I 
J 

o.o I o.o 

23.8 f 0.0 

I 
42.9 I 19.o 

I 
4.8 l 0.0 

9.5 l 71.4 

I 

z I 

I 
l 
I 4.81 

t 
19._o I 

r 
0.0 l 

I 
33.3 f 

I 23.81 
9.6 I 
9.5 I 

I 

Results of special question showing percent of .X-Y 
groups doing correctly questions relating to the experi­

ment they had and had not seen. 

I 
I Demonstration X. Groups 
j Correct explanation 
I Incorrect explanation 
I No explanation . . . . 

:I 
I 

I 
T 
I 

Dernonstration Y. Groups 
Correct explanation 
Incorrect explanation 
No explanation . . . . 

I l 
I IIX I 9X 
I 42.9 

57.l 
0.0 

l 28.6 
I 61.9 
! 9.5 

I 
IIX I 9X 
92.9 I 85.7 
o.o 1 4 .8 
7.1 l 9.5 

I 

IIY 
14.2 
42.9 I 
42.9 I 

I 
IIY I 
93.3 I 

6.7 i 
o.o I 

I 
9X I 
4.811. 

47.6 
47.6 I 

I 
9X I 
90.5 I 
4.s I 
4.8 I 

I 
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SURVEY OF RESULTS. 

It must be borne in mind that whereas the teaching-
• of the senior grades resembled that usually given to 

Physics classes, the General Science students received 
more detailed instruction than they would in an ordinary 
General Science course. As far as was possible, l:owever, 
the subject matter given and the methods of instruction 
were similar for both types of students. 

In accumulation of facts such as the Boiling Point 
of water-Centigrade and Fahrenheit, the constancy of 
the Boiling Point, the varying of the Boiling Point with 
pressure, the 9th Graders do as weH as the senior pu-· 
pils. In defining Boiling Point a larger percentage of IIX 
and IIY students change their old notions to those in­
volving relationship between pressure of the air and 
of the vapor of the liquid than do the General Science 
students. The latter prefer to use the "danging t0-
steam~' or "100°C Boiling Point" in their definition. 

The majority of General Science students know that 
the pressure of the air affects the Boiling Point but on­
ly two students know why, in spite of the fact that this 
~s explained in the classroom discussion. Response No. 
2 in Table 75 may be taken as part ly correct, as was 
done in Part 1 of the study, although it would hardly ex-. 
plain the lower temperature of boiling 

The results, irrespective of methods of teaching, 
seem to show that the differences in achievement between 
the Senior and 9th Grade pupils are not great, with these 
exceptions:- (a) In defining Boiling Point more Seniors 
show a scientific notion than do General Science pupils. 
(b) The seniors do better than the 9th Graders in un­
derstanding the relation between pressure and boiling 
point although the extent to which tl-ey show under­
standing is not so encouraging. 

In general, the results of the test questions are very 
similar to those in Part 1. As in Part 1, however, they 
do not throw light on certain findings. In order to inter­
pret the results of this teaching experiment, it will be 
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necessary to examine the results where instruction dif~. 

fered. 

How did the two clenwnstrntions affect the pupils? 

(1) 28.6 re of IIX and 35% of 9X students -­
would make tepid water boil ·without heating by apply­
ing cold water. No IIY or 9Y students suggest this~ 
These r esults confirm the suspicion advanced in Part 1 
of the study, viz:- that the particular demonstration 
is responsible for this. The demonstration evidently gives 
the student a mental set, for 21.4 re and 33.3 7o 
of these respective grades describe or mention the 
"flask experiment" in which they first heat the water , . 
a lthough the question asks "How boil water without 
heating it?" 

In otl:er questions in which an answer of "reduce 
or increase the air pressure'· would suffice, more pupils 
of Groups IIY and 9Y give it than of the corresponding -
IIX and 9X Groups. 

(2) After instruction and testing were concluded 
the pupils were asked to describe an experiment to sho\v 
that water may be made to boil at a lower temperature . 
than usual. Then each pupil was asked to explain both 
demonstrations, one of which he had not seen. 

E very pupil described the experiment that was de­
monsfrated to him. This is to be expected, as no student 
of one group had seen the experiment of the other 
group or had had an opportunity to read of it in a text­
book. Table 76 shows the r esults of an attempt to ex­
plain both the experiments. 

In explaining Demonstration Y (air pump) t he X 
groups do not do as well as the Y groups although thev 
had not seen it demonstrated. In explaining Demonstr;­
tion X , however , the case was very different. Only 42.9 -
% and 28.6 re of group IIX and 9X could give a 
correct explanation of the experiment t hey had seen de­
monstrated. Only 14.3 % and 4.8 % of Groups IIY 
and 9Y r espectively could give r easonably correct ex- _ 
planations. 
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Tl:is means that when two different experiments 
were performed to demonstrate the same phenomen the 
results were not the same. The air pump experiment is 
a plain demonstration in which the two elements in the 
situation that have to be borne in mind are obvious. The 
operation involved in decreasing the air pressure is a 
simple and obvious one. In tl: e "flask" experiment the 
situation is very different and complex. Perception of 
the water boiling while tepid or below 100°C is easy, but 
t he "reduced air pressure" element is not obvious in the 
situation. This operation of getting the pressure of the air 
r educed is complex. The fact of the matter is that this 

·experiment is really a difficult application of "Boiling", 
as very few pupils who had not seen the experiment were 
able to explain it. 

This ·happens to be one of the hundreds of experi­
ments in Physics and is probably not so important and 
fundamental as most others. It illustrates well, however, 
that in a demonstration the important elements of the 
situation should be fairly obvious and not inbedded in a 

· complex manner. 
It is not always possible, however, to do this. Thus 

we employ the pendulum or inclined plane to demon­
strate that t he gravity acceleration at one place on the 
earth is constant. The writer has often noticed in his 
classes that students fail to understand how the "Pen­
dulum experiment" proves this and special efforts must 
be made to show just why and how it does. 

Erroneous notions of air bubbles in boiUng water:-

During the instruction period the boiling process 
was described in detail to the Y groups but not to the 
X groups, that is, it was assumed that the pupils of the 
latter groups were familiar with what was taking place 
in a flask of water being boiled. 

The results of the two questions relating to the 
bubbles in boiling water and boiling alcohol given in 
Table 73 show that in the groups that had the remedial 
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_instruction there is a marked decrease in the frequency 
.of the notion that t he bubbles contain air, oxygen, etc., 
whereas in the other groups the decrease is slight. 

Even with this special instruction, however, there 
are still about a third of the students who hold on to 
this erroneous notion. The writer, therefore, decided to 

. question individually and orally tl: ose pupils of Grade 
9X who f inally held this erroneous notion, with a view 
to tracing this notion to its genesis. 

A few samples of the type of questioning and re­
-sponses follow : 

·Case 1. Boy. Age: 15-8. I.Q. 95. Grade 9X. 
• Q. ·when water is boiling large bubbles rise to the sur­

face. What is in these bubbles? 
A. A gas. 

~ Q. What kind of a gas? 
A. Oxygen or hydrogen. 
Q. Why do you think so? 
A. Water contains hydrogen or oxygen, it is H 2o 
Q. But supposing t he boiling liquid is not water? 

_A. You would have to know what it contained. 
· Q. Where do you think the steam from boiling water 

comes? 
. A. It evaporates from the water. 
Q. And the bubbles contain air? 
A. Yes. 

·Case 2. Girl. Age : 15-0. I.Q. 94. Grade 9Y. 
Q. When water is boiling large bubbles rise to the sur-

face. What is in t hese bubbles? 
A . Air. 
Q. ' Vhy do you think so? 
A . Why you can see the air bubbles. 
· Q. But how do you know they are air bubbles and not 

bubbles of something else? 
.A. Aren't the bubbles in water always full of air? 
· Q. Where does the steam come from when water boils? 
A. The heat changes the water to steam. 
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Case 3. Girl. Age: 14-11. I.Q. 95. Grade 9X. -

Q. When water boils bubbles rise to the surface. What 
is in these bubbles? 

A. Air. 
Q. How do you know? 
A. I just know it. What else could there be? 
Q. Where does the steam come from when the water is 

boiling? 
A. From the ~ter, the water is changed to steam . 
Q. And where does the air in the bubbles come from? 
A. Out of the wat er . 

Case 4. Girl. Age: 14-11. I.Q. 95 Grade 9X . . 

Q. When water boils • bubbles rise to the surface. What 
is in these bubbles? 

A. Air. 
Q. How do you know it? 
A.----
Q. Where does the st eam come from while the water is 

boiling? . 
A. Out of the bubbles, I suppose: .. 
Q. Well, what made you think tl::ere was air rn the ·· 

bubbles? 
A. I don't know. 
Q. Where did you think the steam came from? 
A. From the bubbles? 

What then did the teaching of subject matter of · 
Boiling reveal in addition to the r esults of Part 1 of the 
study? 

Firstl.y: The experiment (Demon stration X) in 
Physics classes to demonstrate that the boiling point is 
decreased under reduced pressure is not readily under­
stood by pupils. The !ess common demonstration, (De­
monstration Y) in which the pressure of the air is di­
rectly r educed, is r eadily understood. Furthermore, that 
the former demonstration seems to be the direct cause 
of the peculiar r esponse to Question 10 of the set of · 
questions on Boiling in Part 1 , namely that tepid water · 
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. ·can be boiled without further heating by the applica­
t ion of cold water. 

S econdly: The prevalent notion of bubbles in boiling 
water containing air is not ordinarily discarded after 
formal study of Boiling unless teaching is consciously 
directed to destroy the notion. One method of remedying 
this condition w;ould be to describe in greater detail, the 

. actual phenomenon of Ebullition. There ar e other causes 
of this misconception, however, one of which appear s to 
be a strong association between "bubbles" and "air". 

Thirdly : When General Science and Physics stu­
dents are instructed in s imilar ways, Qifferences in ex­
tent to which concepts of Boiling become scientific are 
not so great as those found to exist in Part 1 of the 

:.study. 



CHAPTER XIV. 

GENERAL CONCLUSIONS. 

Detailed interpretation of results was given in both-. 
Part 1 and Part 2 of this study, hence it will not be­
necessary to restate them. Certain general impressions .. 
however, seem appropriate at this stage. 

There is little doubt in the mind of the writer 
about the efficacy of High School Physics in developing 
certain concepts from the vague to tl:e scientific stage, 
although the extent to which this takes place is not so 
encouraging, especially in the case of the concept Mass. 
That all concepts do not become scientfic to the same 
extent raises the question as to just what per cent of a 
group should justify the conclusion that the concept has 
generally become scientific in that group. The writer 
has taken 50 % as a standard; this, however, is ar­
bitrary and a 60 % standard may just as well have· 
been set, for we are hardly likely to be satisfied with a 
mere majority of a class holding scientific concepts 
after formal instruction. 

Taking this arbitrary standard,. however, it is found 
tl:at concepts of Acceleration, Specific Heat, Dew and 
Rainbow formation, Light and Mass do not generally 
become scientific through the study of Physics. 

The effect of the General Science course in de­
veloping certan concepts cannot be questioned, but the­
extent to which notions have become scientific is small_ 
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In no case did the majority of these students l:old scien­
tific concepts. We may not feel discouraged that notions 
of Acceleration and Mass are mostly vague and erroneous 
as there is really little effort or desire in a General . 
Science course to build up scientific con(!epts of this 
type. But it was found that notions of Dew and Rainbow · 
formation were also vague and erroneous. Irrespe::tive 
of whether General Science students should be expe~ted 
to form certain concepts or whether subject matter is 
not presented to these students as it is to Physics stu­
dents, one is forced to conclude that the majority of · 
General Science students do not form scientific con­
cepts, as far as the subject-matter of this study is con­
cerned. 

The majority of pupils who have not studied. 
General Science or Physics were found to have vague and 
erroneous notions. Even common concepts like Weight, 
Evaporation and Boiling were found to be extremely · 
vague or erroneous. One could hardly expect students 
who had never studied these sciences to have built up 
scientific concepts. As far as these pre-science students 
are concerned, however, the important outcome of this 
study is not the fact that these students do not generally 
have scientific concepts, but the knowledge of just what 
types of notions exist, for it ·is on these vague and naive 
notions that more complete and ultimate scientific con­
cepts will l:ave to be built. 

The fact that a concept has not become scientific 
through the study of science does not necessarily mean 
that no conceptual development has occured. Ir. some­
cases it is possible to trace development in significance · 
froni "absolute absence of content," as Chambers would 
describe it, through various stages of vague notions up 
to perfectly scientific concepts. For example, in tl:e case­
of Rainbow formation, the following stages in the de­
velopment of notions could be traced :-

a. No idea of how it is formed. 
b. The phenomenon is merely described, e.g. a· 

coloring in the sky or a colored ribbon. 
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c. Totally erroneous notions, e.g. "reflec~ion of light­
ning from raindrops". 

d. Vague or naive notions e.g. "sun shin.es on the 
rain giving the colours" or "interaction of sun 
and rain". 

e. Scientific (incomplete) e.g. "refraction of sun­
light in raindrops". 

f. Scientific (complete) e.g. "solar spectrum caused 
by refraction of sunlight in raindrops" or "dis­
persion and total internal reflection in rain­
.drops". 

It is obvious from the above jllustration that there 
-may be a gradual development in the significance of 
"concepts in the case of many pupils. Even if the 

. General Science course is not instrumental in changing 
. a notion from the naive to the completely scientific stage, 
it may still be valuable in the process of reconstruction 
of old notions. In such cases it must be assumed that de­

. velopme:µt in significance of concepts has taken place in 
spite of the fact that scientific concepts have not been 

· formed. 
In Part 2 of this study the writer tried to indicate 

hqw practical use c-o.uld be made in the class-room of the 
i·esults of an a,nalysis of subject matter alonr- the lines 

-presented in Part I of the study. Certain common, vague 
or erroneous notions ·of science students were . found to 
have been held before the period of formal science in­
struct ion, that is, the J>resentation of the appropriate 
subject matter appeared to have had no effect on ori-

-ginal notions. Instruct1o.n specially directed at these er­
roneous notions seems to be necessary in addition to the 
011dinary presentation of subject matter. The mere state­
ment of a fact or ·hypothesis or the routine laboratory de-

-monstration may not necessarily induce the pupil to re- ,,. 
construct liis pr~conce"ived notions of long standing, in 

··fact, it may even confuse him still mere. Thus it w a3 
shown why almost one-fourth of the Physics students 

·would proceeo ·to ·hQil tepid water by pouring cold water 
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oyer the conti.iT:t"!.' v·hen not a 5ingle pre-science stu­
cient would atte!!:pt tO do sui::h a foolish thing; or that 
the usual text -book tle"!:i11ition . of }lass causes misunder­
standing anLl confusion in ;;pite cf t he y,-arning not to re­
gar d mass as weight 01· rnlume. 

In the opinion of The \\Titer two things that are not 
only desirable but absolutely necessary in the interests 
of General Sdence and H igh School Physics are, firstly, 
an analysis and clas$ification of existing notions of pre­
science pupils on the lines indicated in this study and 
embracing the entire fields of study, and secondly, ex­
amination of pupils' concepts after the necessary subject 
matter has been treated and immediate application of 
remedial t eaching. if necessary. 
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