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RELATIONSHIPS BETWEEN CONCRETE AND FORMAL OPERATIONAL
PHYSICS CONCQEZS AND THE INTELLECTUAL LEVELS

OF HIGH SCHOOL STUDENTS
CHAPTER I
INTRODUCTION

Statement of the Problem {

During the curriculum'ééformmmovement of the fifties
and sixties, the objectives of many science curricula were
to develop scientific literacy and to teach the structurén
of the.di§cipline. It was believed that such learning ex-
periences would enable students to guide their own future
learning.
| Emphasis in science teaching changed from éoncern
with factual knowledge to learning concepts and iqtellec;
tual processes. The student learned about science by be-
having like a sqiehtist in a laboratory. Experimentation
became an integral part of science teaching. The antici-
pated revolution in science education, increase in enroll-
ments and change in attitude towards science, however, did

1l
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2 .
not occur. ". . ..the curriculum reform movement has made
a pitifully small impact on classroom practice."1

Silberman suggested that "they (developers in the
curriculum reform movement) placed almost all their emphasis.—
on subject matter, i.e., on creating 'great compositions;'
and for the most part ignored the needs of the individual."2
For learning to take place there must be a degree of com-
patibility between the intellectual abilities of the learner
and the level of intellectual operations required to under-
stand the subject matter. This study investigated the com-
patibility between the concepts presented in secondary
school physics textbooks and the students and potential
students of that discipline.

Previous research by'Linda Johnson indicated that the
operational level of high school biology students and the
major bidlbgy concepté:presented in a textbook to these high
school students were incompatible.3 Research by Anﬁon

Lawson shkowed that concrete operational students had success

only with understanding concrete operational concepts,

1Charles E. Silberman, "Crisis -in the Classroom," in
Curriculum: Quest for Relevance, 2nd Ed., edited by
William Van Til (Boston: Houghton Mifflin Co., 1974), p. 102.

2

Ibid., p. 103.

3Linda M. Johnson, "Biology Concepts Taucht Com-
pared to the Intellectual Level of the Biology Student”
(Unpublished M.Ed. thesis, The University of Oklahoma, 1975),
p. 71. '




3 .
wheréas formal operational students succeeded with concrete
and formal operational concepts.’ |
There is, however, very little data on the intellec-
tual level of development of high school students enrolled
in physics and on the school population potentially eligible
for enrollment, but not enrolled, in physics courses. There
are no data available on the concepts presented in textbooks
to students.
o The two investigations described above and the lack
of empirical data on high school physics students'and text-
bookgléquested the research proposed. Specifically, an-
swers to the followinglquestions were soujht:
a. What are the levels of.intellectual development
nf students enrolled in high s;hool physics
courses in the State of Oklahoma? o
b. “what are the levels of intellectual development
of students who are eligible for enrollment, but
who have not enrolled, in high school physics
courses in the State of Oklahéma?
c. What are the operational levels of .physics con-

cepts presented in physics textbooks used in the

State of Oklahoma?

4Anton E. Lawton, "Relationships Between Concrete and
Formal Operational Science Subject Matter and the Intellec-
tual Level of the Learner" (Unpublished Ph.D. dissertation,
The University of Oklahoma, 1973), pp. 87-92.

10



4
d. What, if any, are the relationships between the

above three questions?

The Purpose of the Study

The purposes of .the study were to:

a. Determine the intellectual levels of students,
as measured by specific Piagetian tasks,s en=-
rolled in high school physics. |

b. Determine the intellectual levels of students
not enrolled, but eligible for enrollment, in
high school physics courses.

c. Classify concepts in physics textbooks on the
approved list for the State of Oklahoma using

6 7

criteria developed by Lawson, Bautista,

Piaget, and Inhelder.8
d. Compare the intellectual levels of students

enrolled in physics courses with those students

eligible for enrollment, but not enrolled in

physics.

5'l‘he specific tasks used in thls research are des-
cribed on pages 19 to 24.

6Lawson,_pp. 4-6.

7Leticia B. Bautista, "The Relationship Between In-
tellectual Levels and Achievement in the Comprehension of
Concepts Classified According to a Scheme Derived from the
Piagetian Model" (Unpublished Ph.D. dissertation, The Uni-
versity of Oklahoma, 1974), pp. 26-31.

rd

8Barbel Inhelder and Jean Piag=t, The Growth of
Logical Thinking from Childhood to Adolescence (New York:
Basic Books, Inc., 1958), pp. 308-329.

11




5
e. Compare the intellectual levels of students en-
rolled in physics courses with the operational
levels of phylicl concepts presented in textbooks.
f. Compare the intellectual levels of students
eligible for enrollment, but not enrolled, in
physics courses with the operational levels of

physics concepts presented in textbooks.

Definitions

Piaget's theory of intellectual development9 provided
the theoretical framework in which to determine the intel-
lectual levels of students and the classification scheme
required for the physics concepts. The following defini-
tions are taken from Piagetian theory.

a. Action. An action is a response of an individual

_whether it be "directed toward the outside world
or as an act internalized in thought."lo These
responses are of a functional nature.

b. Operation. An operation is a mental action that

can be internalized and is reversible. It can be

Y

9or an introduction to Piaget's theory of intellec-
tual development, see Herbert Ginsburg and Sylvia Opper,
Piaget's Theory of Intellectual Development - An Introduction
(Englewood Cliffs, New Jersey: Prentice-Hall, 1969).

loJean Piaget, Psychology of Intelligence (New Jersey:
Littlefield, Adams and Co., 1973), p. 4. .

12



6
carried out in thought as well as in action and
it can take place in both directions.ll

c. Reversibility. Reversibility is "the permaheat

possibility of returning to the starting point."12
ot _s

After a particular mental action hao been carried
out in one-direction, the original starting point
has been achieved by performing the opposite .
Jiroction. This mental action is then reversible.
d. Inversion.. Inversion is the process by which one
returns to the starting point by cancelling an
operation whioh,has already been performed.13
~e. Structure. A structure is a group of logically

related opérations.14

Mental structures serve to
guide mental operations.

f. Formal Operational Thinking. Formal operational

thinking is characterized by the ability to use
" hypothetical reasoning based on the logic of all
possible combinations and ‘to berform controlled

experiments.15 One of}thé most fundamental

lljean Piaget, Genetic Epistemology (New York: W. W.
Norton, 1971), pp. 21-22.

121nhelder and Piaget, The Growth of Logical Thinking,

p. 272.
131pid4

14Bautista, p. 3.

15 inhelder and Piaget, The Growth of Logical Thinking,
Translator's Introduction, p. (xiii). .

13




7 .
properties of formal thought is the subordination
of“féélity to'possibility.

g. Concrete Operational Thinking. Concrete opera-

tional thinking is based upon the use of what
Piaget calls concrete operations. These mental
operations are termed concrete "because they.
operate on objects and not yet in verbally éx#
pressed hypotheses. There are operations of
classification, ordering . . . and all «“he funda-

-

mental operations of elementary logic of classes.

and relationsl"16

h. Concrete Operational Concepts. Concrete opera-

tional_concepts are‘concepts whose meaning caﬁ be
developed from first-hand experience with objects
of events.17 Examples are common objects such as
pens, bookS, and leaves. |

i. Formal Operational Concepts. "Formal operational

concepts are concepts whose meaning is derived

through position within a postulatory—deductive,

system."18

A formal concept e. g., the photon, cannot

be concretely experienced. Understanding'of the

concept of a photon is derived from a set of

16Jean Piaget, "Development and Learnlng," Journal of
Research in Science Teachlng, 1964, No. 3, p. 177.

l7Lawson, pp. 4-5. | -

18:pid., pp. 5-6.




postulates‘dealing'with the nature of light and’ ﬁ:~'
enerqgy. '

Physical ﬁodels do not represent formal
coﬁcepts. A physi¢a1 model can be built which
indicates some of the componehts of the Bohr
model of the atom. Complete comprehension of
the Bohr model of the atom, however, requires
understanding of a set of postulates relaﬁed to
electronic energy levels, atomic size and compo-
siti9n- For this4understanding the student must
be able to think logically in a hypothetico-
deductive manner. .

- j. -Classification. The subject arranges objécts in

collections according to the similarities and
differences between the properties of the
objects.19”

k. One—-to-One Correspondence. One-to-one correspon-

dence operations involve the construction of

'equiQEIeﬁce betwéen two separate orderings, these

'ordérings containing equal nunbers.of elements.zol
1. Seriation. "Seriatién is éhe oéeration of

ordering objects. according to increasing or

19Jean'PiagétvandiBarbe1 Inhelder, The Psychology of
the Child (New York: Basic Books, Inc., 1969), pp. 102-103.

. 20Bautista, p. 4., citing Ginsburg and Opper,
Piaget's Theory Oof Intellectual Development, n. 11.




-t 9 . . _ I
decreasing size" or any other prdperty so that

a<B<c.H

m. Class Inclusionl Class inclusion is the "ability

to manipulate part-whole relationships within a
set of categories.' It is possible to put to-
gether two classes to form a larger one or take

away a part from the whole. "2?2

n. Combinatorial.Opérations. 'Combihatorial'opera—-g~
tions are the linkiné of all variables with each
other in all possible Qays. ". . . the adolés—
cent can consider all these'possibilities and
combine thgm in such a way as to ehable him to
decidg which of a number of potential explana-

tions, in fact, explains the situation."23 |

o. Separation of-Variables. Separation of variables

"~ is an operation that allows recognition of the

different factors that enter into a complex

situation.24

p- Reciprocal Implication. Reciprocal implication

is a'"type of revérsibility in which the éffect

21Bauti_sta, p. 4, citing Jean Piaget, Psychology of
Intelligence, n. 8. -

22Bautis.ta, p. 4, citing Inhelder and Piaget,; The
Growth of Logical Thinking, n. 10.

23

Bautisté, p- 5.
24

Inhelder and Piaget, The Growth of Logical Thinking,
p- 61. , - -

16




10
o# a force or action is compensated by another

25

force or action."”” The implicaticns are pos-

tuiated and do not result merely from empirical
data. K -

q. Exclusion. "Exclusion is an operation that can:
be carried 6ut after separation of variables. It

involves the ability to recognize that, of the

existent variables, only one actually plays =

causal role."26 .

r. Probability. In establishing probabilities, the

student establishes the ratio between those
instances which actually occur and the total pos-"
sible instances of the event.

s. Proportional Reasoning. "Proportional reasoning

is the ability to combine two ratios into.an
"’equiYalencé} It is linked to the double reversi-
bility of reciprocals and inversions."27

t. Propositional Thinking. Propositional fhinking

involves the formulation of hypotheses and the

25Johnson, p. 4, citing Richard M. Gorﬁén, Discovering
Piaget: A Guide for Teachexrs (Columbus, Ohio: Charles E.
Merrill Co., 1972), n. 17. _ .

- 26

Johnéon, p. 4, citing Bautista, n. 16.

27B5ﬁtista, pp. 5-6, citing Inhelder and pPiaget, The

Growth of Logical Thinking, n. 16.

" 17




11
- development of deductions which, but not neces-
sarily,'culminate in experimehtal verification."28
Althougﬁ Piagetian theory provides a waf of analyz-
ing‘and*classifying cohcépts, there was a need to define
the level and type of concept to be identified and then

classified. The following definitions are proposed by the

investigator.

Major Concepts in Physics Textbooks. The éhapter

. headiné in a given textbook will be an indication of the
major coﬁcept developed in the dhébﬁe:. ‘If the heading is
not stated in conceptual terms, then the investigator will
infer from the chapter that concept which has greatest
generality. Ih some chapters, the major concept will be
defined as that concept which is crucial to the development
of additiénal concepts in that chapter.

’Cbﬁbépts relatéd to the developmenﬁ of historical,
philosophical} sociological, technological, and epistemologi-
cal ideas of physics will bé’qmitted. Similarly, any con-
Eepts concerning laboratéry téchniques, procedﬁres,,ahd_
facts-will nbt be considered. . Concepts which.are principally
mathematical, e.g., orders of magni£uée, significant figures}
will be omitted.’

Minor Formal Concepts in Physics Textbooks. Minor

formal concepts are those formal concepts which are subsumed

28Bautista, p. 5, citing Inhelder and Piaget, The
Growth of Logical Thinking, n. 1l3. '

18
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within the major concept. Hence minor concepts are more
specific and limited than major concepts. Whenever a con-
crete concept was identified in a textbook it was accon-
panied by minor formal concepts. The concrete concepts
and minor formal concepts combined to form the more general
major concept. . |

Since this study dealt with 949 students in the State o
of Oklahoma, the populatlons and samples were defined as
indicated below. During the study, thirteen schools in the
tState of Oklahoma_were'visited between January and May, 1976.
Tenth, eleventh and twelfth grade students were administered
four Piagetian tasks by six examiners.

- There were three populations for this study. The

total student population or total;gqgglation represented all

tenth, eleventh and twelfth grade students at the th1rteen

Ld

”schools. Amongst th1s populatlon there was a prslcs stu-

dent populatlon defined as all students who were studylng or

_who ‘had studied physics up to the time of visiting each

school. The potential physics student pbpulation contained

all students who had never taken a physics course ﬁp to the
time of the school visit. Therefore,.the physics student
and potential ph&sics student populations fermed the total
student -population.

Three samples were formed from these populations.

The total student sample or total sample consisted of 949

.tenth, eleventh, and twelfth grade students randomly selected

19



13
by the principal at each of the thirteen schools for partici-
pation in this study. Within this sample, there was a

physics student sample which contained all students who were

studying or who had studied physics up to the time of being

interviewed. A potential physics student sample represented

all students who had never taken a physics course up to the
-time of being interviewed. Therefore, the physics student
and potential physics -student samples gave the total student

- sample.

Premises of the Study

The pfémise accepted from Piagetian theory was that

the tasks can be used to measure formal and concrete opera-

tional levels of intellectual development. Research conclu-
sions obtained by Lawson were accepted as premises. These

are that formal operational\fhinking students understand

both concrete and formal operégional concepts, whereas

concrete operational students understand concrete but not
formal operational concepts.29 Furthermore, the conclusion
from the research of Bautista that a concept classification

system based on the Piagetian model can be used to classify

science concepts .was accepted as a premise.30

29Lawson, pp. 87-93.

30Bautista', p- 71.

20
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Need for the Study -

The‘need forithis study arose from the recommeﬁda-
‘tions méde‘by Bautista and Lawson, and implied by Johnson. .
" The significant pafggrof those recommendations follow.

1. Bautista suggested the classification of major
concepts in physics and an examination of the
incompatibility with the intellectual level of
students studying thét'discipliner31

2. .Lawson'recomménded a careful re-evalhation oflu
the major content of the science courses devel-
oped during the 1560'5 in an attempt to better
fit that content to the level of the learner.
He also suggested that if science courses were
constructed with the learner, as well as the
structure of the discipline, in mind, then
courses sﬁéh as chemistry and physics might no
longer be the choice of only the educaﬁionally
; elite, but could become viable and-meaningful
a - disciplines for the majority of students.3?
3. Johnson reported that the opergfional level of

the biology students was incompatible with the

majority of the biology concepts presented to

311pia., p. 73.

32Lawson, p- 94.

21




15
‘these 'students. ". . . it seems that much time -
'is wasted in attempting to teach formal biology
' 'con‘cepts."33 ' o S
This study is designed to determine the compétibility
of.physics concepﬁs presented in textbooks with thg intellec-

tual level of two groups of students, those enrolled in

physics and those eligible for enrollment in‘physics.

Limitations T

The limitations of this study are related to the .
particular textbooks from which the concepts were selected

and the nature of the sample.

To obtain a representative sample of concepts taught

in physics courses in the State of Oklahoma, it was decided

to select concepts from the textbooks recommended on the

~

State of Oklahoma approved list. The selected texts were:

34 Investigations in‘Physics;35 Physics;36

37 38

P.S.S.C. Physics;

The World of Physics;~’ and Modern Physics. The text

33Johnson, p. 71.

34Uri Haber-Schaim, et al., P.S.S.C. Physics (Boston:
D.C. Heath, 1965). T ;

a

35John~W, Renner and Harry B. Packard, Investigations
in Physics (Chicago: Lyons and Carnahan, 1974).

_ 361rwin Genzer and Philip Youngner, Physics:
Teacher's Edition (New Jersey: Silver Burdett, 1973).

. 37Robert Hulsizer and David Lazarus, The World of
Physics (Menlo Park, California: Addison and Wesley, 1972).

: 38John Williams, et al., Modern Physics: Teacher's
Edition (New York: Holt, Rinehart, Winston, 1972).

22
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Project Physics39 was included in the study because it was
producéd by a récént, major physiecs-curriculum dgyelopment
project. This text was used at one 6f the schools'in this
study.

One limitation is related to the sample. The sample
may not be random and, therefore, not necessarily represen-

tative of the physics students or potential physics student

population.

Review of the Literature

Educational and psychological literature contains
considerable research into Piagetian theory and comparative
.studies of science curriculé. However, few studies deal
with analyzing science concepts in terms of the mental
operations required for ﬁnderstanding and relating these
concepts_t9 the intel;gcfual'levels of science students.

. In a study with 46vbiolpgy, 48- chemistry, and 33
physicé students, Lawson fdund that concrete operational
students_understood concrete concepts, bﬁt did not under-
stand formal cbncepts. He also found théf "formal subjects’
did significantly better than'concréte subjects on.both |

. 40

concrete and formal examination questions.” The results

39Geréid Holton; Fletcher Watson; and F. James
Rutherford, Project Physics: Text (New York: Holt,
Rinehart, Winston, 1972). '

40

Lawson, p. 92.
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indicated that a substantial proportion of science content
was inappropriate for the intellectual level c? development
of the students.

Bautista developed a concept classification scheme
based on the Piagetian model. In her study of physics and
chemistry concepts taught‘to eleventh and twelfth grade
students, the majority o% concepts were classified as for-
mal. Data on the greater success of formal students than.
concrete students on formal questions‘supported Lawson's
conclusions.41 )

Johnson found that;qf the biology concepts classi-
fied from the textbook, 73.7 percent were formal operétional
concepts. Of the 51 students enrolled in biology, 80.4 per-
cent were either concrete or post—concrete,'19.6 percent'
were beginning formal or formal operatibnal. "These data
clearly inaicéte that éhe operational level of the biology
students and the majority of the biology concepts presented

are not compatible."42

41
Bautista, p. 61

42
Johnson, p. 71.
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CHAPTER IIX
PROCEDURES OF THE STUDY

The maior aim of this study was to examine the com-

patibility between physics concepts and the intellectual

levels of students.

Hypotheses

The following hypotheses were proposed:

- 1. 1In the total student population, the majority of
physics students are at the formal operational
level of iqtellectual development.

‘2;'ffﬁé‘potential physics student population contains
a smaller proportion of students at the formal
operational level of intellectual development
than the physics student population.

3. A high proportion of the major,concepts'presented

in high school physics textbooks are formal

rather than concrete operational concepts.

Selection of Subjects

Subjects for this study were selected from thirteen
'schools in the State of Oklahoma. These high schools were in
| 18
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Blanchard, Edmond, Grove, Lexington, Mustang, Noble, Okla-
homa City (Northwest Classen, Casady and Millwood), Purcell,
Tecumseh, Wetumka and Yukon. Tenth, eleventh, and twelfth
grade students were fandomly selected by the principal of
each school for participation in this Study. Grade, sex,
birthdate, and whether the student was at present studying

or had studied physics were recorded.

Instruments Used in the Research

Piagetian Tasks

1 and

Four tasks adapted from Piaget and Inhelder
Piaget, Inhelder and Szeminska2 were administered tc - ach
subject to determine intellectual level of developme: . Six
exaﬁiners administered the tasks to the sample. The tasks
used were:

1. . Conservation of volume,

2. Separation of variables,

3. Equilibrium in the balance, and

4. Combinations of colorless chemical liquids.

Subjects were scored separately on each task. The
responses were classified as follows: ‘

IIA--early concrete

IIB--late‘concrete

lInhelder and Piaget, The Growth of Logical Thinking.

2Jean Piaget; Barbel Inhelder; and Alina Szeminska,
The Child's Conception of Geometry (New York: Harper and
Row, 1960). -
20
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IIIA--early formal

' {IIB——late formal

_Description of the Piagetian Tasks>

- Conservation of Volume-
‘The subject was shown two identical test tﬁbesb
.partially filled with water. Time was allowed for the stu-
dent to adjust the wéter levels until he believed them.to be
eggal.: Two'cylinders;.made of different metals, but with
the.same size and shape} ?ggé shown to the student. The
proéefties of idgntical§§ize andAshapeswere:pointed out to
.fhe student. These two éylindeFS'were handed to the student,
-who then identifiéd the weight as one‘properﬁy in which the
v'cyiihders were cbviously different. The examiner then |
‘lbwered the lighter cylinder into one of the test tubés.
‘The student was asked..to predict the water level when the
heavier cylinder'waé lowered into the.secénd test tube.
Successful prediction of the water level and correct
explanation.was classified'as IIIA; Incorrect prediction of
the water level, but correct explanation after the studentfm
had seen the event wés classified as IIB." Anfincorreét pre-

diction and explanation was classified as IIA. This task

does not include a IIIB classification.

3John W. Renner, et al., "Inteiviewing Frotocols for
Tasks to Determine Levels of Thought! (Unpublished manu-
script, Cognitive Analysis Project, The University of Okla-
homa, 1976).
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Separation of Variabies
The subject wés shown thékaﬁpératus which'cOnsistéd
of.six'flexible‘metai roaéyof Garying thickness, material,
and lenéth.. A set of weights £6 haﬂg’on the ends of ﬁhe rbds.

was inen'to.the student. After the equipment was demon-

,strated to the student)'time was allowed..for the student to

explore the apparatus. The four variables associated with
the‘bénding of the tddﬁ were pointed out to the student. The

student was then asked to demonstrate expgriments which -

: wou;d show the effect of each one of the four variables on

4

how much the rods would bend.

Sucéessful'demonstrafién and explanation of all four
variables with appropriate coﬂﬁfBls was classified as IIIB.
’Successful demonstraticn and.explanétion of one, two,>or
three variables with appropriatéjcohtrols was classified as’
~IITA. A sibject who confounded all the variables but demon-
strated logical multiplication, such as: . |

(thicker) x (longer) .= (thinner) x (shorter)
was‘classifiéd as IIB. Simple,élassification into thicker,
thinner, longer, shorter, steei, brass, algminum, was rated

as IIA.

Equilibrium in the Balance °

The subject was shown the apparatus which consisted
of a balance bar with seventeen evenly spaced hooks on each
side of the fulcrum. The examiner explained to the student

that weights would be hung on one side of the bar and the
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student was tequired to hang given weights on the other
side to make the bar balance. A series of activities was
then carried out with the student. The gquantities dealt

with in these activities are given in Table 2-l.

TABLE 2-1

QUANTITIES JSED IN EQUILIBRIUM IN THE BALANCE

) Examiner Student
Number Of
Hooks From
Which The '
Weight Weight Was Weight Given
Activity No. Selected (g) Hung To Student (g)
1 100 .6 100
- 2 100 ) 50 + 50
3 100 6 50
4 120 . 3 40
.5 70 - 10 100
6 60 6 40

Whilst the student was determining the proper loca-
‘tion for the given Weight;_the examiner held the balance bar.
Before releasing the bar, the student waéiasked to explain
why he had selected that particular hook. |

If the subject was not successful with anything
beyond activity two, then the subject was classified as IIA.

The IIB subject was successful with the 2:1 proportion of
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activity'threeié, A correct explanation in terms of the

proportion concepﬁ had to be giveﬁ to be classified as IIB.
Tﬁé suécessful completion of activity four, iﬁclﬁding an
explénation involving the proportion concept, was classified
as TITA. Successful completion of activity five, including
an explanation usiné the proportion concept, was dlassified
as IIIB. If the exam;ner was unsure of hlS judgment after
using act1v1ty five, act1v1ty six was carrled out._ The same
criteria for IIIB classification would apply in both

~activities.

Combinations of Colorléss Chemical Liquids -

The subject was shown five bottlgs labzled "1," "2,
."3,™ "4," and "g" and a rack of small test ‘tubes.

The contents of the bottles were as follows:

Bottle 1 - Dilute sulphuric acid

Bottle 2 - Distilled water
Bottle 3 - Dilute hydrogen peroxide
Bottle 4 - Sodium thiosulfate

Bottle g - Potassium iodide
Without the student's knowledge, clear liquids from

these bottles had been placed in two test tubes. One test

4Piaget and Inhelder infer (Growth of Logical Think-
igg, Chapter II) that the successful completion cf the 2:1
ratio task is a characteristic of the IIIA category. W. Woll-
man and R. Karplus ("Intellectual Development Beyond Elemen-
tary School V: Using Ratio in Differing Tasks," School
Science and Mathematics, vol. LXXIV, No. 7, Nov. 1974,
PP. 593-611) have shown the 2:1 ratio concept to be attain-
able at the IIB level.
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tube contained a mixture from bottles one and three. The
other test tube.contained solution from bottle two.:

Thg"clear liquid in each test tube was pointed out
to thé student. Whilst the,studenf observed, the éxaminer
added liqguid from bottle "g" to each of these clear liquids.
Thé'yellow color change which occurred in one solution, but
not the other, was noted by the student. Then the~§tudent
was asked to do as many experiments as he needed in order to
reproduce the yellow color change in as manY'differeht ways
as he could.

A IIA subjéct simply combined a single liquid with
"g" or all four with "g" without any other combinations. The
IIglsubject carried out some n x n combinations with “g“ or
n xn xn combinations with "g." The system demonstrated by
this category cf response was émpirical and the subject
attributed the color éhange to one particular liquid.‘ The
introduction of a systematic method in the use 6f n x n com-
binations and an understanding that the color resulted from
a combination father_than coming from one of the liquids was
classified as a IIIA response.l If the response indicated
that the cémbinations and proofs wefehorganized in a more
systematic fashion, with the experiment organized from the
start with the intention of findihg proof, then the response
was claésified as IIIB. Reséonses in this category included

determination and proof of the roles of water and sodium

thiosulfate in the combinations.
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Concept Classifications
The major cOncepts in the textbook chapters were
classified'into concrete or formal operational concepts using
three different types of analy51s. These three types of -
analy51s were:

a. Using the definitions of concrete and formal
cpérational concepts dcveloped by Léwson.~ Con-
crete concepts’were.developed from first-hand
experlences with objects or events, WhllSt
formal concepts requlred the use of hypothetico-
deductive logic. l

b. Relating the concept, if possible, to6 particular
mental operations indicated bY'Inhelderpand
Piaget as appearing at the forma1.0perational

5. These

stage in a variety of situations.
L. . . i 6.' .
operations  were

~-proportions

~-coordination of two systems of reference
and the relativity of motlon or
acceleration o o .

--mechanical equilibrium

5Inhelder and Piaget refer to these mental operations
as operational schemata or operatory schemes or concepts.
. Their major characteristic is that they are only available to
the adolescent who is at the formal operational stage of
intellectual development. To;avoid confusion with any pre-
vious use of the'term. concept, the investigator will refer to
them as operations or mental operatlons.

6Inhelder and Piaget, The Growth of Logical Thinking,
pp. 308-329.
| 3 2
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--probability

. ==forms of conservation which go beyond'
direct empirical verification
b. Following Bautista's éoncept classification

7

system. The concept was defined using the

following criteria related to mental~operations:

‘=~=classification
concrete
-=1:1 correspondence Yoperational
: . concepts '
--seriation
-==-class inclusion A/

~~combinatorial operations

--proportional reasoning

--separation of wvariables formal
operational

--reciprocal implication concepts

~=—-exclusion .

--probability
The concept claSsification scheme developed by

Bautista.and used by Johnson was modified for this investiga-
tion. Propositional thinking as a'sgparate mental pperatioﬁ
was omitted and the operations of classification anq.prob-
ability were added.
| Concrete concepts can be developed from first-hand
experience simply by arranging objects in classes according

to certain criteria. This learning requires the mental

7Bautista, pp. 26-31.
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operation of classification. A different concept, however,
can fequire the mental operation of class inclﬂsion, in
which relationships in a class are subsumed within another
more general class or categofy.' Therefore; the investigator
'regarded class inclusion operations as dependent upén but
extending classification operations. Hence, these two mentél
operatibns were separa;ed in the classification system.

Some physics concepts such as chance, randomness, un-
certainty and indeterminacy involye the mental~operatidhs of
probability. This operation was added to the classification
scheme.

The mental operation specified by‘Bautista, proposi-
tional thinking, was omitted. If formal thinking is essen-
tially hypothetico-deductive, then deductions will be made
from hypotheses which have been_formulated from propositions.
Therefore, "the investiéator viewed propositional thinking as’
synonymous with formal thinking, not one of several separate,

yet coordinated mental operations.

Treatment of Data

Piagetian Tasks.
The inter-rater reliability on the administration of
the four Piagetian tasks was first analyzed by determining
t-scores for each examiner. The mean scores for performance

on the three tasks werre calculated by allocating a IIA

8
p. 251.

Inhelder and Piaget, The Growth of Logical Thinking,
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thought type a score of l; IIB a scére of 2; IIIA a score
of 3; and IIIB a score of 4. Statistical data on inter-rater
reliability are presented in.Chapter III.

Three different methods of analyzing the data from
the samples will be described. The total student sample was
~subdiviaed into two groups--physics student and poteptial
physics student samples. - In each student sample categories
of reépoﬁses to three ?iagetian tasks were grouped according
to criteria established for the method of analysis. The per-
centages of- responses in particular groups allowed a com-
parison to be ﬁade of the different student samples.

The investigatbr used data from performance on only
three Piagetian tasks for each analysis. When rating a -
student's performance on the tasks, the maximum scofe which
could'bevachievéd on the coﬁservation of volume task was
IIIA, whereas IIIB resbonses were possible for the other
three tasks: separation of variables, equilibrium in'the
balance, combination of colorless chemical liquids. There-
fore, only those tasks which permitted a IIIB'rating were
used. The investigator considers this an.equitable method

of comparing student samples.

Analysis I

The percentage of formal théught in the sample was
computed by dividing the number of times formal: thought was

demonstrated by the total number of opportunities provided

-----
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for formal thought. This percentage was calculated for the
three samples.

With the three tasks which permitted a IIIB rating,
each student had the opportunity to exhibit IIIB thought
three times during an interview. Similarly, each of the
other thought types, IIIA, IIB, IIA, could have been exhibited
three times during ah interview. Combinations of var&ing
amounts of these thought-types could also have been sXhibited.

| The total number of times each of the four categories
of response was exhibited was determined for.each sample.
Responses IIA and IIB were classified as indicating concrete

thought, IIIA and IIIB as formal thoﬁght.

Analysis III

Each sﬁudent's responses on the three Piagetian tasks -
were placed into one of the following seven groups:
a. all II2 responses--Concrete IIA

b. some IIA and some IIB responses--Transitional
Concrete

c. all IIB responses--Concrete IIB

-d. some IIA and/or IIB responses and some IIIA and/or
ITIIB responses--Post-Concrete

e. all IIIA responses--Formal IIIA

f. some IIIA and some IIIB responses--Transitional
Formal

g. all IIIB responses--Formal IIIB
Analyses I and II were selected to avoid horizontal

h décalage which could occur in the performance on the three
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Piagetian tasks. 1In these analyses the individuai student

was not the unit of measurement.

Analysis III

Patterns of responses in the physics sample were
identified. Data from the potential physics and total stu-
dent samples were not analyzed because the samples were too

large. Each pattern was grouped according to the following

criteria:

--Formal if the pattern contained only fornal
responses : _

--Transitlonal Formal if the pattern contained 2/3
formal and 1/3 concrete responses

--Post-Concrete if 2/3 concrete and 1/3 formal
responses were found in the pattern

--Concrete. if only concrete responses were obtained.

Concept Classification

A number of the textbooks used in thlS study had
accompanying laboratory manuals. The investigator decided
only to analyze the concepts as presented in the text and
not consider how the concepts might have.been developed if -
experiments had been used to accompény the text. '

Some teacher's editiéns.of the textbooks listed the
main ideas in pafticular chapters. However, the invéstigator
analyzed how the concepts in the text were presented to the
student. -

| Frequently in the textbooks a topic would be intro-

duced using or defining a major concept which was formal.
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Examples or applications would follow this formal concept.
According to both Lawson's and Bautista's definitions, a con-
crete operational concept develops from first-hand experi-
ences and the use of mental operations such as classification
and one-to-one correspondence. Therefore, concrete concepts
are not developed by analogies or by applying formal concepts
to concrete objects or experiences. |

In some texts concepts were developed by leading the
student through the historical development of physics con-
cepts. However, this investigation was not concerned with
the fqrmat in which concepts were developed. Therefore, the
progressive developments of concepts throughout history were
no;_classified by the investigator. -

Just to identify and classify the major concepts pre-
sented in each chapter of a textbook does not necessarily
provide a comprehensive analysis of the concepts presented in
the texts. Therefore, in addition to classifying major con-
cepts, any concrete concepts presented in the chapters were
identified, using the definition proposed by Lawson, and

related to the major concept through minor formal concepts.
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CHAPTER III
PRESENTATION AND INTERPRETATION OF DATA

bata collected during this investigation were for
the purpose of determiﬁing the compatibility betweeﬁ the
intellectual level of a;veIOpment ;f physiés and potential
phyéips students, and the operational levels of physics con-
cepts as presented in physics textbooks. The data are pre-

sented in four sections.

Section A presents data dealing with the leVels of
intellectuai development, determined by Piagetian tasks, of
the samples; . Inter-rater reliability between each of the six
examiners who conducted the Piagetian task interviews will
also be discussed.

An analysis of the physics concepts will be presented
in Section B. Major concepts in each textbook chapter were"
analyzed. Additional data related to concfete-Opgrational
concepts identified throughout the texts to the major con-
cepts will be provided.

These first two sections provide the necessary data
to determine the degree of compatibility between the physics

and potential physics samples and the operational levels of

32
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physics concepts. Section C, therefore, will be an evalua-
tion of the hypotheses of this study.
Because this investigation provides information on

" one aspect of the characteristics of physics students, data
obtained on other characteristics by other researchers will
be discussed in Section D. 1Investigations dealing with the
causes of declining enxollments in high school physics

courses will also be discussed.

Section A

From January through May, 1976, six examiners
interviewed 949 tenth, eleventh and twelfth grade high
school students from thirtegn schools in the State of
Okiéhoma.with four Piagetién tasks. These tasks were
conservation of volume, separation of variables, equilib—
rium in the balance, and combinations of colorless chemical
liquids.

Throughout this period various procedures were
instigated to achieve and determine inter-rater reli-
ability among the six examiners. Initiaiiy all six ex-
aminers were trained by the one person and'profocols were
established for each of the four tasks. Agggoximately
200 high school students were interviewed.by the examiners
before finalizing the protocols and beginning to collect
the data from thé samples. Each protocol was meant to

reflect the criteria established by Inhelder, Piaget and
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Szeminska,l’2 except that for all fasksiany student in the
"I or IIA categories was rated as IIA. One additional excep-
tion to the criteria establiéhed by -Inhelder and Piaget for
the equilibrium in the balance task has’already been noted
in Chépter II. |

The format required for administe;ing»Piagetian tasks
precludes the same student from being interviewed on the same .
task by ali six examingrs.. Hence it was impossible to obtéin
‘a statistical analysis of the examiners' ratings which wouldb
éstablish-the sufficient condition required for inter-rﬁter
reliability.> HoweVer, the investigator believed that the
»nature of the training sessions for the examiners and the
monltorlng procedures used throughout the 1nterv1ew1na period
estsblished the sufficient condition for 1nter-rater . (
reliability.

"To “establish tﬁe necessary conditién fér inter;rater
rellablllty, it should be demonstrated that the ratings of
the six examiners dlffer only by chance. The mean scores
obtalned by the six examiners on each of the4four tasks were
calcuiated and .are presented in Table 3-1.

These scores have a mean- of 5.38 aAd a standard
deviation ofA0.07; It would appear thét there were no signi-

ficant differences between the six examiners. Any inferential

1Inhelder-and Piaget, The Growth of Logical Thinking.

2Piaget, Inhelder and Szeminska, The Child's Concep-
tion of Geometry.
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_ . TABLE 3-1 _
MEAN SCORES OBTAINED BY SIX EXAMINERS

Examiner - . " ‘mpask

- Conserva- Separa- Equilib- ..
tion of - tion ¢f  rium in Colorless

N . Volume . Variables Balance Liquids } Total

1 253 2.39 2.57 "2.08 - 2.42 2.36

2 155  2.37 2.90  2.28 .  2.30 2.46

3 174 2.26 2.55 2.00 2,43 2.31

4 165  2.44 . 2.67 2.35 2.44 2.47

5 172 - 2.37 2.39 2.09 2.34 2.30

6 30 2.37 2.30 . 2.33.  2.50 2.38
Tetal 2.37 2.60 2.15 2.39 2.38

étatistical analysis would involve the large sample sizes of
five examiners. Such analysis would require techniqﬁes
which would be so powerful that distortion of insignificant
variéfions between the examiners could reéﬁlt. Therefore,
inferential statistics could at best.just provide aﬁ indica-
tion of the necessary condition of inter~rater reliability.
Such analysis was carried out by calculating a t-score for
each examiner. Thelnull hypothesis tested was that the rat-
iﬁgs of the six examiners.differ only by chance. The data

are presented in Table 3-2.
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" TABLE 3-2

t=-SCORES OBTAINED BY SIX EXAMINERS

Examiner - . t=Scores

- 1 t(zsz)'=¥b;;56, p>.0.01
2 £(154) = 0.802, p > 0.01
. 3 t(173) =-0.744, p > 0.01 . .
4 " £(164) ‘= 0.931, p> 0.01
5 t(171) =-0.845, p > 0.01
6

ti29) = 0.000, p > 0.01

- The null hypothesis was accepted at the 0.0l level of
confidence. Therefore, the necessary condition for.ihter-
rater réliability was indicaﬁed.

.Ofwthe_949 hi&h school students interviewed, 54 stu-
dents had studied or were studying physics. Therefore,
there were 895 potenﬁial physics studénts in the totai:stu-
dent sampie. ‘Raw data obtained from thé'herformance of these
54 physics students on the four PiaQe;ian tasks is'givep in
Table 3-3. The grade columﬂ indicates the grade in’which the
student was enroiled at the time of the interviewing, not the
grade during which the étudent studied physics. The student
number is a means of identifying each pupil and has no cother

significance.
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|  TABLE 3-3 |
RAW DATA FOR THE PHYSICS STUDENTS

Totals of Columns

Student . - TaSk-‘_J. 24 304
Number ‘Sex Grade 1 2 3 ) 4 IIA .IIB ’IIIA IIIB
- 1 M1l 'IIIA ‘IIIA ?IIIAx".IIB 0 1 "2§ 0
2 M 12 IIIA IIIB IIIA IIIB 0 O 1 2
3 "M 12 IIIA IIIB IIIB IIIB O NQ;”ffO 3
4 F 12 IIIA IIIB IIIA IIIA o o0 2 1
5 M 12 III2 IIIB IITB IITA 0 0. 1 '2_
6 M 12 IITA IITB IITB IIIB 0 O 0O 3
7 F 11 IIIA IITB IITA IIB 0 ~ 1. 1 = 1
8 F 11 IIB IIIA IIB IIB 0 2 1 0
- 97 M 12 IIIA IIIB IIIB IIIAV 0 0 -1 2
10 M 12 IIB IITB IIIA IIIB 0 . 0 1 2
11 F 12 IITA; IIIB IIIA IIIA O 0 . 2 1 -
12 M 12 IIIA IITA IIB IIB 0 2 1 0
13 M 12 IIIA IIIB IIIB IIB O 1 0 2
14 M 12 IIIA IIIB IIIB IITA 0 0 1 2
15 M 12  IIIA IIIB IIIA IIB o 1 1 1
16 M 12 IITA IITA IIIA IIIA 0 0 -3 0
17 ™ M 12 - IIIA IIIA IIB IIIA O 1 2 0
18 M 12 IIIA IIIA IIB IIB O 2 1 0
19 M 12 IITA IIIB IIIB IIIA O 0 1 2
20 M 12 IIIA IIIA IIIA IIB 0 .1. 2 0
21 M 12 IITA IIIB IIIA IIB O 1 1 1
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TABLE 3-2-~-Continued.

Totals of Columns

Student . ' mTask | 2,3, 4 o
Number‘ Sex Grad 1 2 3 4 IIA IIB IIIA IIIB
22 M 12 IIIA IIIA IIIB IIIA 0 o0 2 1
23 M 12 IIIA IIIA IIIA TIIIB O 0 2 1
24 M 12 IiIA IIIA IIIB IIIA 0 0 2 1
25 "F 12 IIIA IIIA IIA IIB 1 1 1 0
26 M 12 IIIA" IIIB IIIA IITA 0 O 2 1
27 M 12 IIIA IIIB IIIB IIIB O 0 0 3
28 M 12 IITA IIA IIIA IIIA 1 0 2 0
.29 M 12 ° IIB IIIA IIIA IIIA O 0 3 0
30 F 11 IITA IIA IIA IIB 2 1 0 O
31 M 11 IIIA IIB IIIB IIIB 0 1 -0 2
32 M 12 IIB IIB. IIIA IIB O 2 1 -0
33 M 12 IIIA IIIB IIIB IIIA o o 1 2 -
34 F 12 IIA IIB 1IIB IIIA o 2 1 o
35 F 12 'IITA IITA IIIA IITA O 0o "3 0
. 36 F 12 IIB IIA IIA IIB° 2 1 o0 0
37 M 12 IIB IIIB. IIB IIIB 0 1 0 2
38 F 11 IIB IIB IIB CIIB 0 i 0 o
39 M 12 IIIA 1III3 IIIB IIIB O 0 0 3
40 M 12 IIB IIIA IIB IIB O 2 1 o
e 41 F 12 IIIA IIIB IIIB IIIB 0 0 O 3 'k
42 M 12 TIITA IIIA IIB IIIA 0 1 2 0
43 M 12 IIIA IIIB IIIB IIIB 0 O 0 3
44 F 12 IIB IIIA IIA IIIB 1 o0 1 1
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TABLE 3-2--Continued

' R - Totals of Columns
Student ' - Task . 2, 3, 4

Number Sex Grade 1 2 3 4 IIA IIB IIIA IIIB
45 M 12 IIIA IIIB IITA 1III8 0 ¢ 1 2
46 M 11 IIIA IIIB IIIB IIIB O 0 . 0 3
47 . F 12 IIIA IIIA IIIA IIB 0 1 2 0
48 .M .12 IIB IIIA "ITIIA IIB 0 1l 2 | 0
',49 M 11 IIIA IIB - IIA - IIB 1 2 0 0
50 M 12 IIIA IiIB TIIIA IIIA‘ 0 0 2 1
4 l51 M‘ 12 IIIAa IIiA IIIB IIIA O 0 2 1l
- 52 M 12 IIIa IIIA IIIA IIB 0 1 2 0
53 M 12 IIIA IIIB 1IIIA IIB O 1l 1 1l
54 Mo12 IIIA IIIB IIIB IIIA 0 0 1 2
T#sk 1 = Conservation of volume
Task 2 = Sepa;gtion of variables
Ta;k 3 = Equilibrium in the balance
= Combihation of colorless chemical liquids

Task 4

Analysis I
This analysis allowed compafison of differén; student
samples by détermining the bercent of times formal and con-
crete thought wefe exhibited. The distfibution of thought
type found in the three samples is presented in Table 3-4.
These results are shown graphiéally in Figure 3-1.
The data indicate that the physics sample exhlblted

formal thought 74.1 percent of the time in which formal

§ | 4 6
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Percent of the Total of Thought Types Found

41

Figure 3-1. Distribution of Thought Types in -
the Three Samples - .

Analysis I
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théught was possible,'whereas the potential physics sample
exhibited formal thought only 40.2 percent of the time.

For the physics students, IIIA formal thought had
the maximum percentage of total thought type found. The
second highest percentagelfor these students occurred in the
IIIB formal thought category. However, for the potential
physics student sample the maximum percentage of total |
thought type occurred in the IIB concrete category. For
this sample, the sec0nd highest percentage of thought type

occurred in the IIIA formal thought category.

Analysis II

With this ahalysis, each'student's respbnséghon
three tasks were placed@ into one of §even'groups.

Table 3-5 presents the oéerational levels of the
three samp;gs, A graphical repreééntation of the data is
Agiven in Figure 3-2. »

The data inaicate that 50 percent of ﬁhe physics
sample gave responses involviné IIIA and/or IIIB'categories,
whereas only 16.9 percent of the potentialmphysics sample
Agéve theée groups of responses. -

Consider responses which involve only IIA ana/or
IIB categories. ‘These responses were given by 35.7 percent
of the potential physics sample, yet only 7.4 percent of

the physics sample gave these types of'réépbnses. Further-

more, no physics student gave a concrete IIA response.
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Although the highest percentage of responses for

_ both physics and potential physics students occurred in

o Post Concrete, c0nsider the groups where the second highest

percentage occurred--Transitional Formal for.the physics
pobulation (31.5 percent) and Transitional Concrete‘for the

' potential physics population (24.2 percent).
In the physics sample, 13.0 pércent were at_the_

Formal IIIB_level,'fet only 1.6 percent of the potential

physics sample reached this level.

Analysis III -

The perfo?mance on the three tasks was analyzed for
each student to identify patterns of responses in the physics
sample. Tablé 3-6 summarizes the different patterns of re-
sponses with the frequendy of the appearance of each pattern.
The pattern number has no significanéé other than to desig-
nate a paféiéﬁlér pattérn. These patterns can be grouped as
follows:

patterns 1-4: Formal

Pétterns 5-8:.-fransitional Formal

Patterns 9-11: Post Concreté ) .

Patterns 12-14: Concrete

Analysis 6f these four groups of patterns is
summarized in Table 3-7. This an#lysis showed that 50 per-
cent of the physics .students were operating at the Formal
level. Of thé physics students, 77.8 percent, were either

Transitional Formal or Formal level.

R
Do
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TABLE 3-6

RESPONSE PATTERNS OF PHYSICS STUDENTS ON

THREE PIAGETIAN TASKS

Pattern

. Number . Pattern Frequency
1. IIIB IIIB IIIB . 7

2 IIIB IIIB - 1IIIA 9

3 IIIB IIIA IIIA 8

4 IIIA IIIA IIIA 3

5 _IIIA IIIA IIB 7

6 ' IIIB IIIB ‘ ' IIB 3

7 IIIA IIIA IIA 1

8 IIIB IIIA IIB 4

9 IIIA IIB IIB 6

10 IIIA IIB IIA 1

11 IIIB IIB IIA 1

12 IIB IIB IIB 1

13 IIB IIB IIA 1
14 I1IB IIA IIA 2

°  TABLE 3-7

RESPONSE PATTERNS OF PHYSICS STUDENT SAMPLE

Number of .

Students Percentage
Formal 27 ) - 50.0
Transitional Formal - 15- : 27.8
Post Concrete . 8 14.8
‘concrete 4 7.4
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Summary of £he Three Methods of Analysis
The different.methodsvfor analyzing the data obtained
from 949 high school studenté have been presented. The re-

sults of these analyses are given in Table 3-8.

TABLE 3-8
PERCENTAGES OF STUDENTS IN DIFFERENT CAT%GORIES

OBTAINED FROM DIFFERENT METHODS OF ANALYSIS

Analysis I
. Potential
Category Total : Physics Physics
IIA "14.9 15.5 4.9
IIIB 31.5 : 31.1 38.3

IIIB 10.7 9.1 35.8

Analysis II

Potential

Category Total Physics Physics
Concrete IIA 0.8 : 0.8 0
Transitional _ .
Concrete 23.2 _24.2 i . 5.5
Concrete IIB 10.2 o 10.7 1.9
Post Concrete . 47.1 _ 47.4 42.6
Formal IIIA 6.2 6.2 5.5
Transitional Formal 10.3 o 9.1 31.5
Formal IIIB 2,2 1.6 13.0

R
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TABLE 3-8~-Continued’

Analysis III

Category " Physics
Cohcrete 7.4"r
Post Cc.icrete 14.8

- Transitional
Formal » 27.8
Formal 50.0

Data from these three methods of analysis were used
to group students into the broad categories 6f formal and
concrete. The concrete group for Analysis Two was defined
'as incorporating Concrete IIA to Post Concrete and the formal
group as.ihvolving Formal IIIA fo Formal IIIB. The results
of this broad categorization into formal and concrete are
éiven.ih T;Slé 3-9.

There was remarkable similarity between analyses One
| and Three for the physics sample. Both analyses One and Two
show that‘the physics sample has a highef-proportion of stu~
dents at the formal operational levei of intellectual
development than the potential physics sample.

In analysés One and Three, the majority of physics
students were at the formal operational levél. The criteria
for the formal level in Analysis Two were particularly

rigorous. A student may have up to two-thirds of his re-

sponses in the IIIB category yet a IIB response would place
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this student into the concrete category. With this dis-
tinction between formal and éoncrete, Analysis Two still
‘showed that 50 percent of the physics students were at the
_formal level. Consider how fhis rigorous distinction be-
tween formal and concfete categqfies affected the potential
physics group. There weré only 16.9 percent of the poten-
tial physics group at the formal leve’, whereas by AnalySis
.One, there were 40.2 gercent of these students at the

formal level.

Section B

Three methods of analyzing 130 major physics con-
cepts wer%bused to claésify the concepts listed in Appen-
di%x A. The development and interpfetation of this table
will now be described. Column L represents the classifica-
tion using q;iteria dgveIOped by Lawson. The letter F
‘within this column represents a formal concept. The next
column, P, repiesents an analyéis of the concepts using
criteria derived from Inhelder and Piaget's work. This
column represents mental operations which-Inhelder and
?iaget have indicated as operating ét.the.formal lével;
All major concepts were énalyzéd to determine whether these
mental operations were required.for the student's under-
standing of the concept. Within this column, labeled P,

the particular mental operations are designated as follows:
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PR--proportions

FR--coordination of two systems and the relativity
of motion or acceleration

ME--mechanical equilibrium
P--probability

CN--forms of conservation which go beyond direct
empirical verification

The analysis of concepts using the criteria developed
by Bautista also involved identifying mental operations re-
quired for the student's understanding of the concept. This
analysis has been specified under the column labeled Opera-
tions. The particular mentgl operations specified by
Bautista are as follows: |

Cl--classification

OC--one-to-one correspondence

S--seriation

CI-=class inélﬁsion

CO--combinatorial operations

PR--proportional reasoning

SV--separation of variables

RI--reciprocal implications

E--exclusion

P--probability

Frequently in Appendix A concepts have been abbre-
viated. A cohplete explanation of the concepts is given in

the Appendix C.
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Of the 130 major concepts identified and analyzed in
Ithe six textbooks, all maﬁor concepts were formal opera-
tional according to Lawson's definitions for formal and
.concrete concepts. The investigator used the mental opera-
tions indicated by Inhelder and Piaget as operating at the
formal level to dééermine whether these operations were re-
quired for understanding the major concepts. The number of
major concepts requiring particular mental operations was
determined and the results of this analyéis are given in

Table 3-10.

TABLE 3-10
_ ANALYSIS OF MAJOR CONCEPTS USING MENTAL OPERATIONS

INDICATED BY INHELDER AND PIAGET

Author of Number of Major Concepts Requiring
.Text - - Particular Mental Operations
» - |

PR FR ME P CN
Haber, et al. 29 3 0 4 7
Renner, et al. 19 3 3 4 4
Genzer, et al. . 24 3 l_ 4 6
Hoiton, et al. = 17 2 1 3 4
Hulsizer, et al. 17 2 2 2 4
Williams, et al. 24 0 1 6 8 -
Total 130 Y13 s 23 33
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PR = prbportionality

t
H

FR = coordination of two systems:and the relativity “fﬁ
of motion .or acceleration

ME = mechanical equilibrium

i)
]

‘probability

CN = forms of conservation which go beyond direct
empirical verification

The 130 major concepts were further analyzed using
the criteria developed by Bautista. The number of major con-
.cepts requiring ﬁarticular mental operations ﬁsing Bautista's

criteria was célculated; Data are given in Table 3411;

TABLE 3-11

ANALYSIS OF MAJOR CONCEPTS USING MENTAL OPERATIONS .

IDENTIFIED BY BAUTISTA

Author of Number of Major Concepts Requiring
Text Particular Mental Operations

Cl ocC S CI CO PR SV RI E P

Haber, et al. 20 29 29 29 29 29-29 29 29 4
Renner, et al. 19 19 19 19 19 19 19 .19 19 ¢4
Genzer, et al. 20 24 24 24 24 24 24 24 24 4
Holton, et al. ~ 17 17 17 17 17 17 17 17 17 3

Huisizzr, et al. 17 17 17 17 17 17 17 17 17 2
Williams, et al. 24 24 24 24 24 24 24 24 24 6

Total . i30 130 130 130 130 130 130 130 130 23
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+

Cl = classification

OC = one-to-one correspondeﬁce
S = geriation

CI =-class inclusion

CO = combinatorial operations
PR = proportional reasoning
sv = separation of wvariables
RI = reciprocal implications
E = exclusion

P = probability

Because five of the,teitbooks contained concrete
concepts, these concepts were identified and are listed in
Appendix B. Minor formal concepts, togethér with the con-
crete concépts, were used in the,ﬁextbooks to develop the
major conceépts. Compiéte explanations of those concepts
which have beeg abbreviated in Appendix B are given in
Appendix C.

The distributions of the pﬁysics content of the
concrete concepts identified in the textbooks are given in
Table 3-12. L

| Concrete concepts dealing with the properties of
light and three-dimensional waves occurred in all five
texﬁs. Only three texts, however, dealt with concrete con-
cepts about dynamics, electrostatics and electromagnetism.

One text also had concrete concepts related to properties of

G1
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TABLE 3-12
'DISTRIBUTION OF THE PHYSICS CONTENT OF THE

CONCRETE CONCEPTS IN THE TEXTS

Author of Text

Type of - .
Concrete Haber, Renner, Genzer, Holton, Hulsizer,
Concept et al. et al. et al. et al. et al. '

Prbperties of
Light X X X X X

Properties of
Waves
a. Two-dimen- v A
sional C X X X X
b. Three-dimen- : /
sional X X X D X

* Properties of
Gases X

>
>

“‘Electrostatics X

Current
Electricity

Electromagrietism
Gravity
Mechanics

Dynamics X

I - A

Energy

Frames of
Reference ' ' X

Total | 5 11 3 6 4

gases, current electricity, gravity, mechanics, energy, and

frames of reference.
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Evidence wéé'found to support the notion that con-

crete operational concepts can be found in phyéics text-

books. For example, the concrete concepts in Investigations

in Physics, by Renner and Packard, covered almost twice as

many different physics content areas as any other text.

Concrete concepts in Project Phyéics, by Holﬁon, et al.,

covered the second largest number of different physics con-

tent areas.

Section ¢

The major aim of this study was to determine the
degree of compatibility befween intellectualllevels of
de&elopment of different high school student populaﬁions
ana‘the operational ievels of physics concepfs. Data pro-
vided in Chapter III, Sections A and B, provide the basis
for de;e;qining this degree of compatibility. It was ex-
.pectéd that the majority of physics students would be at
the formal operational level, whilst the potential physics
populatipn would contain a smaller proportien»oflstudénts
at the formal -level. These hypotheses wéie tested in the
null form. Furthermore, the investigator'hjpéthesized that
a high proportion of major concepts would be formal opera-
tional concepts. .

To determine if the differencegin-performance on the
Piagetian tasks between the three samples was statiétically

significant the data in Table 3~4 were analyzed. These mean
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scores were thén tested for significant differences using

a t-test. The results are given in Table 3-13.

TABLE 3-13
t-TEST OF MEAN DIFFERENCE BETWEEN THE THREE SAMPLES

N Mean Score tQTest
Total Sfudent Sample 949 | 2.38
Physics Sample 54 3.10 6.12
~ Potential Physics )
Sample 895 2.34 1.36

. The t;value for the physicé sample exceeds the table
value at the 0.0l level of significance, therefore, .the
ﬁypothesis that no sigﬁificant differences occur between the
physics and total samﬁles must bé rejected. The t-value for
the potential physics sample does not excqed the table
value at the 0.01 level of significancg, therefore, the
hypothesis that no significant differences occur between the

On the basis of the data preéeﬁted in Appendix A it
can be stated fhat all 130 major concepfs presented in the
six textbooks were formal operational. Any concrete con-

cepts which appeared in textbooks were used to develop one

of. the 130 major formal concepts.

op
-
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Section D

Different parameters have been investigated by re-
searchers which might indicate the causes of small and
declining‘enrollments in physics.

The following data indicate the eleventﬂ and twelfth
grade enrollments in science and physics cﬁurses in 1974-
1975 in the State of Oklahoma.>

Number of students enrolled in Physics I

(Eleventh and twelfth grade) = 2,307
Number of students enrolled in Physics II

(Twelfth grade) 4 = 104
Number of students enrolled in Science

(Eleventh and twelfth grade) = 170,519
Total number of eleventh and twelfth :

grade .students = 640,000

Therefore, 26.6 percent of eleventh and twelfth grade
studentslwere enrolled in science courses. However, only 0.4
percent df“eleventh aﬁa twelfth grade students were enrolled
in either Physics I or Phyéics‘II. In the eleventh and
twelfth grades, 1.4 perceht of the science students were

enrolled in physics courses.

Some research has identified distinctive character-
istics of physics students, other studies have inveStigated.
possible causes of declining physics enrollments. A number

of these studies will be described in this section.

3Larry McKinney, State Science Consultant, State of
Oklahoma, personal correspondence.
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4

In a national sample of 2}419 students, Welch" deter-

mined I.Q.is of male and female physics students. These

I.Q. scores were af the 84th andMESEh percentile, respec-
tively, for all twelfth graders. éimilarbrésults were found
by Welch5 in a study of 451 physics students where the I.Q.
of these students was at the 82nd percentile, yet the aver-
age grade received by these students was in the C+, C- range.
In addition, Welch found that the typical male physics stu-
dent was a bright senior, with strong mathematical and
science interests, placed high value on the pursuit of truth,
was probably a school leader with strong power and accom-
plishment drives and planned to attend a four-year college.
Thg.typical female physics student had a superior intelli-
gence and greater u~lIarstanding of science than hef peers,
strong interests in s.)ience and mathematics, and placed high
value on the pursuit 6f'truth and power. Welch‘conciuded
that physics students were among the academically elite.
Dickison6 found that the majority of teachers rated physics
students as predominantly superior or above aQerage compared

to non-physics students. : : i

4Wayne W. Welch, "Some Characteristics of High Schocl
Physics Students: Circa 1968," Journal of Research in Sci-
ence Teaching, 1969, 6, No. 3, pp. 242-247.

5Wayne W. Welch, "Correlates of Courses Satisfaction
in High School Physics," Journal of Research in Science
Education, 1969, 6, No. 1, pp. 54-58.

6Alexander Dickison, "Physics Teaching in Public High
Schools of Montana," Physics Teacher, April 1975, 13, No. 4,
PpP. 223-266. :
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7 concluded that char-

A study by Dietrich an¢ Pella
acteristics related to I.Q., post-educational plans and
grade point average (G.P.A.) were insufficient to differ-
entiate between physics students in schools with high
physics enrollments and physics students in schools with
low physics enrollments. Evidence that 75 percent of
physics pupils in high physics enrollment schools and 50
percent of the physics pupils in the low physics enrollment
scnools earned lower grades in physics than in other sci-
ences or other courses in general, helped to support the
opinion that physics teachers grade lower than other
teachers. Additional evidence supporting this conclusion
- was reported by Koevering.8

) Predominant reasons cited by students for enrolling
in physics were interest in science and preparation for
future education. Students cited reasons for not enrolling
in physics as lack of interest, difficulty in mathematics

and fear of low grades. Koevering9 also reports that guid-

ance counselors are directly responsible for low physics

7Donald Dietrich and Milton Pella, "Physics Teachlng
in Wisconsin Schools," School Science and Mathematics,
January, 1974, LKXIV, No. 1, pp. 5-12.

8ThOmas E. Koevering, "The Distinguishing Character-
istics of High Schools with ngh and Low Enrollments in
Physics," Journal of Research in Science Teaching, 1971, 8,
No. 1, pp. 37-39.

9

Ibid., p. 39.
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enrollments because they require mathematical prerequisites

beyond geometry.'

10

Bridgham and Welch™™ suggested an association between

the severity of grading and current and future enrollments

11l

in physics courses. However, Dietrich reported results

which did not appear to support this conclusion.

2 of 451 physics students found

The study by Welchl
that it‘was almost im?ossible to predict the type of student
likely to be satisfied in physics before the course started.
Results suggested that student satisfaction in physics cor-
related with success on achievement tests, course grades
and general rewarding experiences in the course.

Welch and Walberg13 investigated the attitudes of
teachers in relation to decliping physics enrollmehts. The
investigators reported that nothing in the beliefs of

physics teachers appeared to be a direct cause of low

loRobert G. Bridgham and Wayne W. Welch, "Physics
Enrollments and Grading Practices," Journal of Research in
Science Teaching, 1969, 6, No. 1, pp. 44-46.

llDon Dietrich, "Grading Practices of High School
Physics Teachers: A Contributing Factor to Declining Enroll-
ments in Physics?", Science Education, January-March 1973,
57, No. 1, pp. 25-29.

12Welch, "Correlates of Course Satisfaction in High
School Physics," p. 57.

13Wayne W. Welch, and J. J. Walberg, "Are the Atti-
tudes of Teachers Related to Declining Enrollments in
Physics?", Science Education, 1967, 51, No. 5, pp. 436-441.
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phyﬁics enrollments. Jordaql4 investigated-the causes of
declining physics enrollﬁents and found that 80 percent of‘
physics students were better achievers than the average
- non-physics student. Results~a150'indicated;that"the"per—
centage of seniors taking physics was much- lower for stu- |
dents from low socio-économic levels than for seniors from
high so¢io-economié levels. A nearly direct proportional
-relationship existed between socio-economic level and
enrollments in physics courses. Approximately 35-80 per-
cent. of ali students sampled at each school could have taken
the present physics‘course. Therefore, Jordan concluded
that there was a high potential for increasing enroilments
in_physics.

15 identified three common reasons for low en- »

Yale
rollments in the physical sciences. The'first.éf'these was
insuffiéieﬁt'previous'breparétion by studenfs tg be able to
do well in the course. Students tend to avoid difficult
subjzcts in order to receive good grades with the least
effort. Finally, students were not receiving positive
.adviéement-and encouragement to enroll in physical'science

courses. An additional =~zuse for low enrollments-was

14Thogas S. Jordan, "Investigations into the Causes
for Decreasing Enrollments in High School Physics," School
Science and Mathematics, November 1971, LXXI, No. 8,
pPp. 697-702.

15F. G.'Yale, "Why are High School Students Avoiding
the Physical Sciences," Science Education, October 1966,
69
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propﬁsed by Yale, but one'whiph was not mentioned by
teachers or administratoré. The methods used together
with the attitude of the teacher might:influénce students

‘not to enroll in the course.
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CHAPTER IV
. CONCLUSIONS AND RECOMMENDATIONS

This investigation was carried out to find answers

to the following questioné:
l. Wwhat are the intellectual levels of development
of phySiés and potential physics students in the
.State of Oklahoma? . | |
2. What are the opefational-levels of physics con-
cepts pre#ented in physics textbooks used in |
the State of Oklahoma?

.3. .- What, if any, are the relationships"between these

two questions?

Conclusions

Tﬁe physics student sample demonstrated a higher
level of intellectual development tﬁap the potentiéi physics
student sample. In one method of analysis the physics stu-
dent sample had 54.1 percent at the formal level éomparea
with 40.2 percent of the potential physics sample. Another .
method of analysis indicated that 50.0 percent of the T
phyéics sample were formal, whereas 16.9:percent of the
potentialvthSics sample were in this category. Two

| 64
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' methods of analysis revealed that the majority of physics
students were at the formal_level--74.l'percent and 77.8
percent. The third method of analysiéjwhich used stringent
criteria for differentiating beﬁween formal and concrete
levels indicated half of the physics sample were formal
thinkers. Statistically signifidént differences in per-
formances of tﬁe physics and the total student samples led
to the conclusion that the thsics students were amongst the
educationally elite.

All 130 major physics concepts féquired, for their
understanding, formal mental operations. There is a greater
degree of compatibility between the physics concepts and
the physics students than between the-éoncepts and the
potential physics sample. Even so, these formal concepts
would only be compatible with 77.8 peréent or 50.0 percent
‘or 74.1 péréent, depéhding on the method of analysis, of
;he formal thinking physics students. Only a few concrete
concepts were used in five textbooks to develop major'formﬁi
concepts. As presented in textbooks, physics concepts are.
incompatible with the intellectual level of development of
the potenéial physics student sampie.- »

It would appear that there may be causes, other than
.teachers' grading practices and content difficulty, which

affect low and declining enrollments in physics courses.

'Stﬁaents may be selecting themselves out of physics courses

on the basis of inappropriateness of physics concepts to
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intéllectual development. A substantial portion of physics

subject matter is not suitable in terms of the intellectual

'development of the learner. There is a signifibant differ-

ence between the physics and potential physics samples.-
Therefore, material presented in textbooks does not invite
participation by'potential physics students, concrete opera-
tional learners, in physics courses. Perhaps both the
pedagogy used in phy51cs courses ané the materlal presented
in textbooks have accentuated the differences between
physics and potential physics students. To increase enroll-
ments in physics courses, concepts in phfsics textbooks and
pedagogy must become available to the concrete operational
learner. Karplus has stated .that the textbook by Renner,

et al., was the only textbook surveyed by one of his gradu-

ate students which made any attempt at inquiry.l It has

-already been demonstrated that this text had concrete .con-

cepts on almost twice as'many different physics topics as
any other text surveyed in this investigation. Therefore,
it may be that through inquiry, physics concepts can become
available to the concrete operational studentland hence

enrollments in physics courses increased.

lRobert Karplus, Director of Lawrence Hall of Science,
University of california, Berkeley, comment made on June 24,
1976, at the American Association of Physics Teachers' Con-
ference, University of Missouri, Rolla. -
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Recommendatign - o - .
If it is adVisable that phys1cs become a viable edu- .i.

cational course for the majority-of high school students,
then there should be a re-evaluation of the content and
teaching procedures used in physics courses. More infor-'
mation is required on the identification and formulation of
concrete and formal”operational concepts. :A stndy should‘
be made.in which both concrete and formal thinkers are
taught concrete,and formal concepts. Investigations should
--be made into the teeching procedures'most suitable for mov-
‘ing concrete,thinkers into the formal level of intellectual
development.

Of the three methods used for classifying-concepts,~
Lawson's definitions provide an effective and quick method
of identifying formal and concrete operational concepts.
Bautista's.classification scheme was used on relatively
general physics concepts and would be appropriate to more
specific concehts. ‘The only advantage'of this scheme over
Lawson S. definition was that it hlﬁhliqhted the requirement
tof probability as a mental operat:iou for developing under-
standing of concepts. The analysis of formal concepts
which require the mental operations suggested by Inhelder
and Piaget provides one way of verifying the ciassification
of a formal concept. A replication of this study into the
compatibility of concepts and student populations should

be carried out for chemistry, geology, and other courses.
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APPENDIX C

Explanations of Concepté Which Were Abbreviated

in Appendices A and B

I iy

Many of the concepts‘in Appeﬁdices A and B were
ébbreviated. 'Explanations of these concepts are given be-
low. Whenever a concept was repeated in a textbook which
had already been explained from another textbook, an addi-

tional similar explanation was not given.

Textbook: P.S.S.C. Physics1

Chapter 8. Abbreviated Concept: Atomic and molecular struc-

ture of matter.
Explanation: "Atoms are the building blocks of
matter." "It is_the smallness of an étﬁm that makes
atoms so difficult to detect with unaided senses. On
the other hand;»it'is the very smallness of size andﬂ
massiveness of number which enable us éo explain all
the wondefs of matter."2

Chapter 9. Abbreviated Concept: The kinetic theory of

gases.

lHaber-Schaim, P.S.S.C. Physics.

21pid., p. 132.
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Explanation: "Widely spaced molecules, moving
every whicp way in empty space with speeds a bit
faster than sound, colliding and febounding as
3

they move-—-that is our model of a gas."

Chapter 11. Abbreviated Concept: Properties of light.

Explanation: " (There is) a basic difference between
incandescent sources and other sources. In the
former, changes in brightness, temperature, and
color seem to be closely linked, while in the
latter the color of the source depends mainly on
the nature of the material and does not vary with
brightness."4

~_". . . we become aware of clear materials . . .
partly because they reflect as weli as tranémit
light and partly because some of the light is

absorbed.“5

"All bodies, whether transparent or opaque,
reflect some of the light that falls upon them."6

" . . heat (infrared) radiation is . . . a

form of (invisible) light.“7 ". . . ultraviolet

1bid., p. 163.
Ibid., p. 189.
1bid.

1bid., p. 191.

CN - TS N "

ibid., p. 193.
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light (is) invisible (and) harmful to the human
eye."8 |
"Light generally travels in straight lines
(but light aléo) bends slightly as it passes the
n9 '

edge of an obstacle.

Chapter 12. Abbreviated Concept: Mirror formulae for the

reflection of light.

Explanation: ". . . once we know from experiment

thac images are actually formed, tracing a few rays

in accord with the laws of reflection will lead us

to the relations between object and image."10

Hi = 8i = _f (Hi = image height o
Ho f So Ho = object height '
: Si = image distance
- _ So = object distange
f = focal length)

Chapter 13. Abbreviated Concept: Lens formulae for the

refraction-of light. . _ o
Explénation: " . . lenses obey the same eguation
relating image distance, focal length and object

: 9
distance as do mirros: Si So = f~“-."ll

Chapter 14. Abbreviated Concept: The particle model of

light.

81bid., p. 194.

91pid., p. 195.

101p54., p. 212.

111pid., p. 236.
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Explanation: Light consists of very small, rapidly
moving particles whiéh ﬁhdergo elastic collisions.bz
This is the particle model of light.

chépter'ls. Abbreviated Concéét; Properties of wave pulses

along springs.
Explanation: "A wave, a thing which is not itself

a particle of matter, can go from one place to
13

e _ another."
| ", . . any pulsé moves undisturbed at constant
speed along the spring and . . . the spfing i;self
moves only at right angles to the motion of the -
pulse."14

n, ., . two pulses pass through each other
without being altered. . ."15 "o find £he form of
the total wave disturbance at any‘time, we add at
'each point théﬁdisplacements belonging to each pulse
that is passing through the mediﬁm e o e i.é., the
Superposition Principle."16

When a pulse is reflected from a fixed end it

comes back upside down, but with the same shape.l’

121pia., pp. 241-245.

131pida., p. 255. '

141pia., p. 257.

151pia.

161pia., p. 259.

171pia., p. 261.
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. ", . . when a pulse is sent aloﬁg a spring
towards a junction with a second spring . . . the
whole pulse is reflected upside down whenever the
second spring is vefy much heavier than the first.
As the second spiing is replaced by lighter.aﬁd‘
lighter springs, the reflected pulse becomes small
and a larger and larger transmitted pulse is ob-
served to g6 bgyond the junction. . . . If the
second spring is made lighter (than the firsf),
reflection sets in again, this time with the re-
flected pulse right.side up. The lighter the second

spring, the larger is the reflected pulse."18

Chapter 16. Abbreviated Concept: _Properties of water waves.
Explanation: "Just as the formation of images by
mirrors followed from the laws of reflection in

‘optics, so does the corresponding formation of images

by 'mirrors' in the ripple tank."19

-

"The speed of propagation of a periodic wave

is the product of the frequency and the wavelength."z0

For water waves the "index of rgfraction is

equal to the ratio of the speed of propagation in the

first medium to that in the second."zl

181pi4., p. 263.

19:pid., p. 271.

201pia., p. 272.

~~2lipia., p. 275.
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"The index of refraction of waves depends
slightly on the frequency."22 ", . . waves are
strongly diffracted when they pass through an open-
ing of size comparable to their wavelengtl, énd
there is hardly any diffraction if the wavelength is
very small compared to the Qidth of the opening."23

17. Abbreviated Concept: Interference of water

vaves.

Explanation: An interference. pattern is constructed

24 wyith

by superimposing the waves from two sources.
different wavelengths or different separation of the

sources the interference pattern changes in de-

tail."25 A determination of the wavelength can be
made from the formula: A= d ¢
L(n-%)
N = wavelength
"~ " 4 = separation of sources :
X.= perpendicular distance to the point

bisecting the line between the
sources 26
number of nodal lines

n
A phase difference between the sources affects

the interference pattern.27

221pid., p. 276.

231pid., p. 278.

241pia., p. 284.

251pid., p. 285.

2611id., p. 289.

271pid., p. 291.
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tion of

18. Abbreviated Concept: Interference and diffrac-
light.’
Explanation: To obtain an interference pattern

with light, the sources must be in phase.28

"the analysis of light by locating maxima and
minima in an interference pattern makes it possible

to characterize the light accurately in terms of

wavelength."'29
A = d Ax A = wavelength of light
L d = separation of slits
A} separation of nodal lines
L = distance of slits to observer

The diffraction pattern of light cbtained with
a single slit can be explained using the Huygen's
principle.30

Single-slit diffraction affects resolution.31

_Interference occurs with both reflected and trans-

Chapter

-

mitted light through thin films.32

19. Abbreviated Concept: Newton's first and second

laws of

motion.
Explanation: "Galileo's law of intertia (Newton's

first law of motion) tells us that an object on

28

Ibid., p. 299.

29

Ibid., p. 300.

30

Ibid., p. 302.

31

Ibid., pp. 305-306.

32 307-310.

129

Ibid., pp.
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which no force act moves with unchanging

velocity.“33

"Phe relation FAt = MAV tells us how the
change in velocity V i related to the initial mass,
M, to the cause of the motigh, F, and to the time, -
t thqt the force acts. This relation embodies

Newtonis law of motion.“34

Chapter 20. Abbreviated Concepts: Properties of projectile'

circular and simple harmonic mqtions.
Explanation: the path of a freely moving projectile
is parabolic.

"the horizontal component of velocity never
changeé and the vertical component undergoes a uni-

form change at the ratelvg = ~g. 3>

At

(Avg = change ir vertical velocity
A t = .time incerval
g = acceleration due to gravity).

A body moving in a uniform, circular path has

acceleration, a, and centripital force F.
a= -4172§ and F = -4172m§:36

T2 .T2

radius, position vector
mass of the body
period)

CEET
oo

331piga., p. 323.

341pia., p. 328.

351pia., p. 340.

361pid., p. 343.

[==1
o -
o X%



115
Bodies undergoing simple harmonic motion have

lineaxr resisting forces, i.e., F = -xx.3’

( restoring force -
constant of proportlonallty
displacement from equilibrium)

- ok ||
nun

Newton's laws of motion are invalid in accel-
38
erated frames of reference.

Chapter 21. Abbreviated Concept: Kepler's laws and

- Newton's law of universal gravitation.
' Explanation: "Kepler's three laws:

1. Each planet moves in an elliptical path with the

sun at one focus.
2. The line joining the sun and the planet sweeps

out egqual areas in equal times.

3. The ratio R3 is the same for all planefs."39

g

‘mean radius of planet's orbit
period of revolution)

] .II

(R
T

"The expression F = Gmlm2 summarizes Newton's

R2

law of universal gravitation. Any two bodies attract
each other with forces (F) inversely proportional to
the square of the distance (R) between them.*?

(G = universal gravitation constant)

371pid., pp. 347-348.

381pid., p. 352.

391bid., pp. 365-366.

401pid., p. 371.
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Chapter 22. Abbreviated Concept: Conservation of

momentum.

Explanéfion:f‘The law of corservation states that the

total momentum, P, is constant, i.e., A P = O.41

This law applies to any number of interacting bodies

in any isolated system.42

Chapter 24. Abbreviated Concept: Gravitational potential

energy.

- Explanation: "Potential énergy, U, at separation, A

is U = =~GMm.
78 —>

(G = universal gravitation constant
M.m = masses of the objects)

"For any motion under the influence of the gravita-
tioral potential attraction alone, what is gained in
\

potential energy as the bodies separate is paid for

'by'reduction'iﬁ kinetic energy."43

ggggpe:.zs. Abbreviated Concept: Conservation of energy.
Explanation: "To the best of our knowledge, the total
energy in a region changes only when an exchange of
energy occurs between the region and ité surround-
ings. Then, if our region is the Qhole universe, we
can expect no change of the totalAenergy because, by

£2

definition, there is nothing outside the universe.

41
42

Ibid., p. 585.
Ibid. ’ ppo 390—39]..

431pig., p. 434.
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This assumption, that the total energy of the uni-

verse is constant, is the basis of most cosmological

theories."44

Chapter 26. Abbreviated Concept: Electrostatics and
conductivity.
Explanation: ". . . forces exerted by the two kinds
of particles can cancel. When the effects of the
positive and qggative particles cancel exactly, we
say the object is;uncharged or electrically neu-
tral . . . If we add some positive particles to an
electrically néutrél okject, there is no longer a
balance. ‘The effect of the positive particles is
greater than the effect of the negative particles;
and we say the object is.ppsitively chargedl We
can also charge an object‘positively by removing
'some”negative'barticles, leaving an excesé of pbsie
tive ones."45
"A flow of electric particles in a conductor

is called an electric current.“46-

Chapter 27. Abbreviated Concept: Coulomb's law. -
Explanation: The electricai.fbrce, F, between

charges Q and g is "inversely proportional to the

441pia., p. 457.

——

451pid., pp. 465-466.

461pia., p. 474.
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square of the separation, r, between the charges.

F = 5%3."47

r
{k = constant of proportionality)

Chapter 28. Abbreviated Conéept: Electrical potential

'energy.
Explanation: Two charged bodies, Q and g, have an

-éleCtric potential energy, U = kQq.
- r

{(r = separation
k = proportionality constant)

The potential energy, V due to

the electric field of q is V = 53.48
’ r
- (V = electric potential
r = distance ~
g = charge
k = proportionality constant)

_Chapter 29. Abbreviated Concept: Electrical circuit
theory. |
Explanation: "The conservation of energy shows us
that the sum of the potential differences is always

equal to that applied EMF."49

Chapter 30. Abbreviated Concept: -Electromagnetism and

magnetic fields.

471big., p. 485.
4815id., p. 520.

491pid., p. 5490.
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Explanation: The magnetic force, F, on a piecé
of wire of length 1, carrying a current, I, is
proportional to B ,- the magnitude of the compon-
ent of the magnetic field 8 perpendicular to the
wire. F =B I 1.50 |

"The circulation of B depends only on the
total current passing through the surface bounded
by the loop."s.l
Chapter 31. Abbreviated‘Concept: Electromagnetic induction
and electromagnetic waQes.

Explanation: ". . . the induced EMF,g , i1s propor-

tional to the rate of change of magnetic flux.

:E - A 15.52
- - At : o
( A1§= change of magnetic flux
. AE = time interval)

". . . light . . . is an electromagnetic dis-
53
n

[

turbance in the form of waves. "Electromagnetic
‘radiation . . . is propagated with the speed of

light and it arises from accelerated charges.“54

Chapter 32. Abbreviated Concept: Rutherford's atomic model.
Explanation: "His (Rutherford's)-modél describes an

atom as a miniature solar system with a core, or

501pid., p. 554.

5l1pid., p. 562.

52

53
54

Ibid., p. 579.
Ibid., p. 587.

Ibid., p. 590.

R
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nueleus, at the center and a number oI electzons
-around it. The nucleus is-positivelyicharged and
carries almost all of the atomic,maee. The light,
negatively charged electrons revolve around the
nucleus, held by . . ..Coulomb's attraction. . . .
Outside the atom, these negative electrons cancel
the effect of the positive charge of the nucleus,
so that the atom as a whole is neutral . . . the
dimensions of the nucleus aud of the electrons are
'assumed to be very small cempared with the overall
w55

size of the atom. . . .

Chapter 33. Abbreviated Concept: Quantum theory.

'Explenation:' "wWaves of light proved to describe the
prebability of the appeerence of certain pafficle-
like photons,-the §articles of matter turn out to be
governed by a w5velike-quahtity. Planck's constant
contrels the magnitudes involved in both cases. . . .
‘The photon (is) governed in space and time by its
electromagnetic wave of probability, the particle
by its maﬁter wave of probability--all with-the.
de Broglie ;;yeiength; . . .i?6 -

Chapter 34. Abbrebiated,Concept: Quantum theory and

atomic structure.

551bid., pp. 597-598.

561pid., p. 634.
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121
Explanation: The energy states of hydrogen can be

successfully described by the combined picturé of
57

Textbook: Investigations in Physics‘?8

Chapter 17. Abbreviated Concept: Electromagnetic waves

and relativity.

Explanation of relativity concept: "One of the
consequences of the theory of relativity‘is-that'if‘

light acts like a wave, the wave travels in a

n59

medium that is physically undetectable. The

total .energy, E, of a moving object is given by the

equation E = mc2 (m = relative mass, ¢ = speed of

light)."59

Chapter 19. Abbreviated Concept: Atomic models=-Bohr;

wShrodingér wave equations.

et

Explanation of Shrodinger.wave equations:
", . . Shrodlnger developed a mathematical model of
the atom based on the wave propertles of partl-
cles . . . Schrodinger's wave equatlon glves the
probability that an electron w111 be located at a

particular distance from the nucleus."61

57

Ibid., pp. 656-657.

58J. W. Renner, Investigations in Physics.
591pid., p. 484. .
60 e

Ibid., p. 480.

6lrpid., pp. 553-554.
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Chaéter 20. Abb;eviated.COncépt; Nuclear mndels and
particles. T '
ExblanatiOn: In the proton-electron nuclear model
the nucleus is made up of discrete particles. There
are sufficient protons in the nucleus to make the
mass correct and there are sufficient electrons to
make the charge correct. %2
.%here are a large number of particles most
of which can be explained by competing theories

with varying degrees of success.63_

Text: Physics: Teacher's EditiOn64

Chapter 15. Abbreviated Concept: Internal potential and

kinetic energy.
Explanation of internal potential energy: "Sub-

stances with strong inter-molecular bonds have high -

heat capacities because a relatively large fraction

of the heat energy supplied goes into increasing

internal potential energy."65

Chapter 17. Abreviated Concept: Elementary electronic

charge. .. -
621pid., pp. 572-573.
631bid., p. 594.
64 :
I. Genzer, Physics.
65

Ibid., p.-415.
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Explanation: _"} . . there is a fundamental discrete

unit of charge=--an electron."66

Text: Project Physics: Text67

Chapter 17: Abbreviated Concept: Faraday's laws.

Explanation: ". . . Faraday's first law of elec-
electrode durinémelectrolysis is proportional to

the amount of charge which has péssed through the
electrode. . . . His second law of electrolysis
states: if A is the atomié mass of an element, and
if v is valence, a transfer of 96,540 céulombs of

68

electric charge releases A/v grams of the element."”

-Chapter 19. Abbreviated Concept: Rutherford-Bohr model of

the atom.
Explanation: "Bohr introduced two néw poétulatés
.(i;;;; ﬁo the.ﬁutherford model) specifically to
account for the existence of stable electron orbits
and separate emission spectra . . . (For the hydrOgeh
afom) the possible electron orbits are circular . . +
and atoms exist only in defiﬁige energy states . . .
Bohr's results fdr the possible stable orbit radii

2

r, was r = an2 where a is a constant ( h2/4 2kmq

)

661pia., p. 473.

67G. Holton, Project- Physics.

681pid., p. 30.

r————
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which can be'calculéted from known physical values
and n stands for any whole number.l, 2, 3, . . ."69
(h = Planck's constant, k = Coulomb's constant, m =

mass of electron,lq = electronic charge).

{

Text: The World of Physics70

_Chapter 1. Abbreviated Concept: Newton's third law of

motion.

Explanation: ™If two objects are exerting a force
on each other, the force exerted by the first one
on the second must be exactly equal in strength and

opposite in direction to the force exerted by the

second one on the first."71

Cﬁagtér 7. Abbreviated Concept: Conservation laws.
Explanation: "We séy that a property of matter is
Acpnsgrved when. it always stays the same =ven though
other properties of the same piece of matter are
changing; There are several different properties

which are always conserved."72

(e.g., magnetic and
73 o

frictional forces).

691pia., pp. 73-75.

70g. Hulsizer, The World of Physics.

Tl1pid., p. 10.

721pia., p. 170.

731pia., p. 243.
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Chaéter 10. Abbreviated Concept: Internal energy.
Explanation: "The energy contained withip 2 system
is designated that system's internal energy. This
energy can be either potential or kinetic,‘or some
‘mixture of the two."74
Chapter 12. Abbreviated Concept: First and secoﬁd laws
of thermodynamics. ‘
Explanation: "The first law of thermodynamics, true
for any system, is net heat added to system + net
work done on system = net change in internal energy

75 "In all reactions involving heat, if

of system."
ho outside work is done on a system, heat will flow
in the direction which makes»the total entropy of
the system increase to its highest possible.
value. . . . the second law of thermodynamics."76
‘Chapter 15. " Abbreviated Concépt: Properties of sound
waves.

Explanation: "Sound is comprised of waves of com- .

pression we deteét with our ea:s.-.These waves move

through the air with certain-frequencie_s."77 "The

properties of ﬁhe medium affect the speed of.sound.".78

741pid., p. 274.

751pid., p. 335.

761pid:, pp. 336-337.

"1big., p. 422.

781pid., p. 427.
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Text: Modern-Phy§ics79 R

Chapter 3. Abbreviated Concept: Resolution and composition

of forces. '
Explanation: "When two or more forces act concur-
rently at a point the resultant force is that single T
force applied at the samé point that would produce

80 "Resolution of force . . . is

the same effect."
the separation of a single force into two or more
component forces acting in given directions on the
'séme point."81 |
Chapter 8. Abbreviated Concept: Thermal energy.
Explanation: .“Thgrmél energy of a maferial (is) the
- total potential and kinetic energy associated with e

the random motion of its$ particles.“82

Chapter 24. Abbreviated Concept: Radioactivity and
"nuclear reactions.
Explanation: "Radioactivity is the spontaneous un-

controllable decay of an atomic nucleus with the

83

emission of particles and rays." "Tn a nuclear

change . . . new materials are formed by changes in

the identity of the atoms themselves.“84

79J. Williams, Modern Physics.

80
81
82
83
84

Ibid., p. 53.
Ibid., p. 50.
Ibid., p. 173.
Ibid., p. 603.
Ibid., p. 606.
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