DOCUMENT RESUME

ED 092 328 SE 016 383

AUTHOR De Kock, Walter Eugene

TITLE An Analysis of Student Performance Using a Laboratory
oriented High School Physics Prograa.

PUB DATE 72

NOTE 282p.3 Ph.D. Dissertation, Ohio State University

AVAILABLE FROM University Microfilas, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 (Order No. 73-11,482,
Microfils-$5.00, Xerography-$11.00)

EDRS PRICE MF-$0.75 HC-$13.80 PLUS POSTAGE

DESCRIPTORS Doctoral Theses; *Educational Research; Learning;
*Mechanics (Physics); Personality Assessment;
*Physics; Science Education; *Secondary School
Science

IDENTIFIERS Physical Science Study Committee; *Research Reports;
Wave Motion

ABSTRACT

This study was designed to assess the use of an
individualized laboratory-oriented high school physics program used
in one Black Hawk County, Iowa, school. The three probleas
investigated were: (1) what short-term and long-term learning
resulted from the use of the materials, (2) what student
characteristics were related to learning outcomes, and (3) what
characteristics of the materials were related to learning outcomes?
Data were collected on 48 students and involved general intelligence;
sex; IOWA TESTS GF EDUCATIONAL DEVELOPMENT scores on the BACKGROUND
IN THE NATURAL SCIENCES TEST, READING IN THE NATURAL SCIENCE TEST,
QUANTITATIVE THINKING TEST and the Composite score; personality . types
as determined by the MYERS-BRIGGS TYPE INDICATOR; score on selected
PSSC+test items; scores on Part, unit and final tests constructed to
evaluate understanding of concepts found in the materials; and rate
of completion. Concepts in the areas of mechanics and wage motion
.were emphasized in the physics materials, with the processes of
science being an integral pa:t of the materials. Data analyses
revealed that individual persunality types showed no consistency in
correlating significantly with program test scores or rate of
progress; the sample was scholastically inclined when desctihed by
scores on the Iowa tests; the more able students achieved greater
success with the materials than did the less able. (Author/PEB)
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The general proniem ¢f this study was to assess the use of an
individualizad laboralory orianted high school physics proavan uszed dn
one Black MHawk County, lowa schonl, The specific erohlems wore:

1. What short-term and long-term learning result from use of the
naterials?

2. What student characteristics are related to learning outcomes?

3. Vhat characteristics of the materials are rclated to learning
outcomes?

The three aspects or which data oa the forty-eight students in
the sample were collected wera those concerning personal character-
istics of the learner, the level of educational dovelopment of the
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learner, and performance on physics test items., Data utilized were

-

est, Reading in the Natural

on the Background in tha Matural Sciences

Sctences Test, Guantitative Thinking Test and tne Comnosite score;

behavior types as determined by tne Myers-Brigss Tvpe Indicator: score

on selected PSSC tast items; the scores on Part, unit, and final tests
1




constructed to evaluate understanding of concepts found in the
materials; and rate of completion.

Concepts in two broad areas, mechanics and wave motion, were
tound emphasized in the materials. Processes of science were an
integral part of the materials and received major emphasis throughout.

Analysis of the characteristics of the sample resulted in the
conclusion that intelligence was not a significant factor in deter-
mining who enrolled as 38 percent of the sample were found at or below
the senfor class mean of 112. Little difference in preference for
behavior between extraversion or introversion and thinking or feeling
was found. Intuition was preferred over sensing, 75 percent to 25
percent, and perception was preferred over judgement, 79 percent to 2i
percent. Individual types showed no consistency in correlating
significantly with program test scor2s or rate of progress. The sample
vas composed of 7 girls and 41 boys. This was approximately 11 percent

and below the natioral average for girls enrolling in physics. lowa

Tests of Educational Pevelopment scores, based on lowa norms exhibited
a distribution over almost the whole percentile range but averaged 67
to 80. The sample was scholastically inclined.

Unit I Test and Unit Il Test Scores and the Equated Final Test

Score were best predicted by ITED Quantitative Thinking standard scores

with variances of 33.19, 41.56 and 44.02 percent respectively computed
by multiple regression. The program was judged to contain substantial

emphasis on mathematical models--sentence models, graph models, and

data table models.
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“r More able students achieved greater success with the materials.
intelligence quotients correlated significantly in a positive direction

with the Unit I Test Scores at the .05 level, with the Unit Il Test

Scores at the .001 level; and with the Equated Final Test Score at the

.01 level. Intelligence quotients correlated positively at the .01
level of significance with the total number of materials Parts
completed during the school year.

The behavior types as determined by use of the Myvers-Briggs

Type Indicator provided little significant data. Consistency in
results were not found.

Analysis of concepts in test items, test item type, test item
correlations, analysis of item relationships and average cluster item
difficulty were used to determine if learning hierarchies existed.
Learning hierarchies wére found for translational and rotational
motion, velocity and falling bodies, force, acceleration, and
oscillation. However, the learaning hierarchics were not sequentially
developed from subordinate to terminal behavior. Many of the items in
the hierarchies were of a quantitative nature. These data strongly
indicate the need for program revision. ,

Data is given on the reliabilities of the instruments,
recommendations are made for changes in the program materials, and

suggestions are made for further research.
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CHAPTER I
INTRODUCTION
The Problen

The emphasis of many science projects has been on concept
tearning with an emphasis on laboratory work. One of the ways to
pfovide an environment for concept learning is individualized
instruction which 1s laboratory oriented. This mode of instruction
can also provide the teacher with much time to interact with individual
- students and small groups. The studeat can have an opportunity to
exp]ofe interests in greater depth, to self-pace his learning, and to
adjust some of his experiences to his learning éty]e.

| The focus of this study was to assess the use of an individual-
ized laboratory oriented high school physics prcgram., The nregyer
assessed was one that was being used in two Blaék Hawk County scrcals
in the State of Iowa during the 1969-70 school year. This prograr was
individualized in that the students self-paced themselves through
laboratory activities. 1In a sense, the materials were programmed since
there was a specific sequence of laboratory investigations that thay
were to explore. Some additional cptional laboratory activities were
provided for those desiring to work at a "higher ievel.”

Program content was logically arranged in a conventional way.
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Great emphasis was placed on models as "symbolic organizers." The use
of graph models, sentence wodels, data table models, diagram medals,
and descriptive models was introduced and déve]oped early in the oregrem

before the formal introduction of the subject matter content.

Need for the Study

The assessment of this self-pacing laboratory approach to the
‘teaching of high school physics was considered desirable at this tinme
because there was much current interest in individualized instructional
materials. This interest stemmed from many desirable attributes of
this type of instruction (Glaser and Resnick 1972, Ashenfelter 1669,
Koser 1969, Richard 1969, Champagne 1970).

Teachers appeared to like this mode of instruction because it
freed them to become actively involved with the specific learning
problems of individuals and small groups. It was also seen as & way
to challenge all students. The more able student could work move
rapidly without waiting for the slower students to catch up anc tha
slower students were not frustrated by constantly attempting to keep
up (Glaser 1969, Ashenfelter 1969, Koser 1969, Richard 1969).

Students have often tended to prefer individualized instruction.
They could set their own goals and challenge themsé]ves to learn at a
rate commensurate with their ability. Interests could also be explored
in greater depth when certain aspects of the curriculum were of greater
interest to them. After a period of absence, the student could start
where he had finished. There was no great need to catch up or to

review material thal had been discussed. There also existed the




opportunﬁ;y to seyucnce his own experiences or adjust some or all of
his experiences to a particular learning style {Ashenfelter 1969,
Koser 1969).

In summary, it may be said that individualized instruction can
free the teacher to become more actively involved with students and
can give the student more 0ppoft0nity to take active responsibility
for the learning process (Richard 1969, Ashenfelter 1969, Koser 1969).

Programs of this type seem to hold much promise. Evaluative
studies of them are necessary to determine outcomes. This evaluation
can be utilized by the course writer as a basis for possible program
revision. It can also serve as a basis for assessing strengths and
weaknesses bf the program for those educators considering its possibili-

ties for introduction in their schools.

Physics Envollments

The decreasing percentage of students enrolled in high scrool
physics classes has been a concern of science educators for some time,
The percentage of high school students enroiled in physics decreesed
from 25.7 percent in 1948 to 20.5 percent in 1964 (Simon and Grant 1970).

During the past nine years, at the Malcolm Price Laborqtory i
School where this program utilizing the self-pacing laboratory approach
to teaching high school physics was being developed, the percentage
of students taking physics had increased from approximately 20 to 44.
The percentage increase at Columbus High School, where the program
had been used two years, was 30 between the 1968-69 and the 19693-70

school years.



Alternative programs appear to be needed and desired. Moore,
(1968:337), stated: "In spite of the tremendous success of this
project, (Physical Science Study Committee Physics) several science
educators still feel that more than one or two physics courses should
be available for use by secondary schools." |

Fletcher Watson, (1967:212), made a similar but more forceful
statement when he said: "Why the schools need additional physics
courses can be answered by 1ookjng both at the science enrollments
(decreasing percentage taking physics) in secondary schools and the
increasing importance of physics in our society."

These concerns about selection of physics courses and the
decrease in the percentage of high school students taking physics
were other events which prompted the investigator to study this

physics course.

Problem, Sub-Problems, and Hypotheses

The general problem of this study was to ascertain whether
these instructional materials that utilized a self-paced laboratory
approach to conceptual learning of physics were suitable for the
students enrolled in the course. 'The specific problens studied were:
1. Hhat short-term and long-term learning result from usc of the

materials?
2. What student charactaristics are related to learning outcomes?
3. What characteristics of the materials are related to learning
outcomes?

The null hypotheses tested by this invastigator were crganized
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by specific problens as stated above. The acceptance or rejecticn of

hypotheses was established at the .05 level of significance.

Hypotheses concerning short and long-term learning

1. There is no significant correlation between the Unitll or Il Test
Scores of the sample and the Equated Final Test Score.

2. There is no significant correlation between the Unit I or II Yest
Scores of the sample and the score on items of that Unit appearing |
on the Final Test.

3. There is no significant correlation between the tive in weeks
spent by the sample on Units I or II and the Equated Final Test
Score.

~ 4. There is no significant correlation between the time in weeks
spent by the sample on Units [ or Il and the score on iters of
that Unit that appeared an the Final Test.

5. There is no significant correlation between the total number of
materials Parts completed by the sample and the difference
5etween items correct on the Final Test and Part Tests that
appeared on both.

6. There is no significant correlation between the total number of
materials Parts completed by the sample and the Equated Final
Test Score.

7. There is no significant correlation betwaen the items correct on
the Part Tests by the sample and the same items appearing on the

Final Test.




Hypotheses concerning'students

1. There is no significant correlation between inteliigence quotients
of the sample and Unit I or II Test Scores.

2. There is no significant correlation between intelligence quotients
of the sample and the time in wecks spent on Units I or II.

3. There is no significant correlation between intelligence quotients
of the sample and the total number of materials Parts completed.

4, There is no significant correlation between intelligence quotients
of the sample and the Equated Final Test Score.

5. There is no significant correlation between éhe four scores of
the Iowa Test of Educational Development used and Unit I or II
Test Scores.

6. There is no significant correltation between the four scores of
the lowa Tests of Educational Development used and time in weeks
spent on Unit I or II.

7. There is no significant correlation between the four scores of
the Towa Tests of Educational Development used and the totz
nﬁmber of materials Parts completed. |

8. %ghere is no significant correlation between the four scores of
the Iowa Tests of [ducational Development used and the Equated
Final Test Score,

9. There is no significant correlation between the eight individual
types of the sample indicated by the Myers-Briggs Type Indicator
and the Unit I or II Test Scores.

10. There is no significant correlation between the eight individual



types of the sample indicated by the Myers-Briggs Type Indicator
and the time in weeks spent on Unit I or II.

11, There is no significant correlation between the eight individual
types of the sample indicated by the Myers-Briggs Type Indicator
and the total number of materials Parts completed. '

12, There is no significant correlation between the eight individual

types of the sample indicated by the Myers-Briggs Type Indicator
and the Equated Final Test Score.

Hypotheses concerning materials

1. There are no learning hierarchies in the materials found by
analysis of conceptual behavior of students on test items.

- 2. There is no significant correlation between the Unit I or Il Test
Scores of the sample and the time in weeks spent on each of thosg
qUnits. '

3. There is ro significant correlation between the time in weeks spent
by the sample on Unit I and that spent on Unit II,

4. There is no significant correlation between the time in weeks spent
by the sample on Units I or II and the total number of materials

Parts completed.
Definitions

Certain terms used by this investigator necessitated defining
to avoid confusion as to their exact meaning in this study. Thase
terms are as follows:

a. Part: A set of activities to be utilized by the student.



Concept: "As a working definition we may say that a conceﬁt
exists whenever two or more distinguishab]é objects or events
have been grouped or classified together and set apart from other
objects on the basis of some common feature or property charac-
teristics of each" (Bourne 1966:1).

Processes of science: Human performance inquiry skills incorno-

rgted by the learner with existing knowledge and experience to
investigate new situation, i.e., observing, recording data,
measuring, using space/time relationships, using numbers,
communicating, investigating, inferring, classifying, 1nterpfeting
data, predicting, controlling variables, defining operationally,
formulating hypotheses, formulating models, and experimanting
(AAAS 1966).

Model: A symbolic organizer that is an approximzte repressntation

of reality, i.e., graph models, sentence models, data tahie -z2dels,

diagram models, and descriptive models. (See examples beicw.;

Graph Model Sentence Model
d = vt
d
. F=m
t
Data Table Model Diagram Model Descriptive Model
A map, vector . A written descrip-
d in t in diagram or _ tion of an observa-
feet sec sketch. tion or series of
2 1| observations.
4 2
6 3
J

8
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Learning hierarchy: A succession of behaviors in instructional

units. Certain behaviors are precursors of a terminal behavioy
(Gagne and Paradise 1961).

Success: The favorable termination of learning experiences.
Sample: The forty-eight students enrolled in the physics program
at Columbus High School.

Score on Unit I Test: The number that indicated the questions

ansvered correctly of the forty-six multiple choice items that
appeared on a test covering Parts 2 throuah 10.

Score on Unit IT Test: - The number that indicated the questions

ansvered correctly of the forty-six muitiple choice items that
appeared on a test covering Parts 11 through 19.

Part Score: The number that indicated the questions cnswered
correctly on the Part Tests completed that later appeared cn the
Final Test. (There was one item on each Part Test that later
appeared on the Final Test.)

Final Test Score: The number that indicated the questions enswered

correctly on the Final Test of the Program. (Students were
instructed to answer only as many test items as they had completed
progran Parts. Only items taken from a Part Test they had

completed were corrected. )

Equated Final Score: The number that was obtained by multiplying
the number thirty-six (the number of ifems on the Final Test) by
the vatio of appropriacte items correct to the appropriate items
corrected. (The number of appropriate items was determined by

the number of prograin Parts completed and items were sequenced



to follow the program and one item from each Part Test apprared
on the Final Test.) |

Equated PSSC Score: The number that was obtained by nultiplying

the number eighty (the number of jtems on the PSSC Final Exarira-
tion - Form F) by the ratio of appropriate items correct to the
appropriate items answered. Thirty-eight items of the eighty
vere selected as appropriate to the program materials and they
were sequenced to follow the sequence of materials Parts. The
students were instructed how many to attempt based on Parts
completed and only that appropriate number was corrected.
Learning: "lLearning is a change in human disposition or
capability, which can be retained, and which is not simply

ascribable to the process of growth " (CGagne 1955:5),

Delimitations of the Study

The study was delimited in the following ways.

The high school_included in the study. Columbus High Schoo! of

Vaterloo, Iowa, was selected for assessing the self-pacing letora-
tory oriented high school physics program because it was utilizing
the materials. This school was also selected because of its
accessibility to the investigator who was teaching at the
University of Northern Towa.

The period of time encompassed by the study. This period was the

1969-70 schcol ycar.

The students_included in the study. The ctudy sample consisted of

the 48 students at the Columbus High School.

10
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Materials used in the study. The materials used were those avail-

able that had been developed at the Malcolm Price Laboratory High
School.

Limitations of the Study

Based on the research design used and the delimitations

established, the following limitations should be considered.

1.

The high school included in the study. Findings can not be

generalized beyond the one school used in the study.

The students_included in the study. The sample was limited by
the students who enrolled in this physics program in the one high
school. Forty-eight students enrolled in the physics course at

Columbus High School.

. .The administration of evaluation instruments. All physics tests

vere administered by the teacher of the nrogram in the classrcom,
Written directions were provided with each test. The Myers-Sriggs
Type Indicator was administered by the guidance counselor of ihe
school. The guidance counselor was provided with the publishar's
manual for administering the instrument. It is possible that
administration would have influenced results.

The administration of the Iowa Yests of Educational Development.

The Towa Tests of Educational Development were administered by the

personnel of the school as part of the regular testing program.

The administration of rontal abilities tests. The intelligence

test was administered by the personnel of the school as part of

the regular testing program.
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6. Parts end Units completed by the students. The number of Parts znd

Units of the program completed and Part Tests and Unit Tests tanen

determined the extent to which the program was assessed.

Assumpticns

The following were assumptions of the program or the investiga-

tor.

Assumptions of the program assessed

1. Sequential ordering of concepts. The physics course should have an

orderty sequence of concepts that build upon previous exceriences

and concepts.

2. Development of the processes of science. The physics stucent

shauld experience science as the scientist experiences scicnce,
Inquiry, problem solving, and discovery should play a conirant

role in the course.

Assumptions of the investigator

1. Administration of tests. The counselors and teachers of the ccurse

were assumed to have the education and experience to administsr the
tests properly since they were duly certified by the State of Iowa
Department of Public Instruction.

2. Data collected from curwlative folders. The cumulative folders

were utilized to yield intelligence quotients and Iowa Tests of
Educational Developront sceres on the Background in the Natural

Sciences Test, Reading in the Natural Sciences Test, Quantitative
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Thinking Test, and the Composite. These data were assumed to be

valid.

Overview of the Study

This study was concerned with the evaluation of a self-pacing
laboratory approach for teaching high school physics as used in one
Black Hawk County, Iowa school. The period of time involved was the
1969-70 school year. The Columbus High School uti]fzed the physibs
program studied. The program materials were written by Walter Gohman
of the Malcolm Price Laboratory Sciiool. Mr. Gohman had been writing,
using, evaluating, and rewriting the materials for approximately eight

years previous to this study.

Surmnary and overview of chapters to follow

This chapter presented an introduction to the problem to be
studied, need for the study, and some background information on rnysics
enrollments. The general problem was stated and sub-problem hypotheses
were described concerning short-term and long-term learning resuits,
student characteristics related to what was learned, and materials
characteristics related to what was learned. Terms were then defined;
delimitations, limitations, and assumptions stated; and an overview
of the study presented.

Chapter II presents an examination of the 1iteraturc-pertaininq
to physics enroliment data and psychological factors related to motiva-
tion, self-paced learning, structure of learning, hierarchy based

learning materials, and personality factors.
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Chapter 111 presents the design of the study. The seiscticn of
the sample school and sample teacher, analysis of content of matsrials,
selection and evaluation of instruments, collection of data and
analysis of data are discussed.

Chapter 1V presents the findings about concepts and processes
of science found in the materials, sample characteristics, and ore-
test gnd post-test sample variance. Performance characteristics
related to test scores, learning hierarchies, and anaiysis of
hypotheses is also presented,

Chapter ¥ presents the major findings concerning concepts and
processes of science, characteristics of the sample, predicting success
with materials, and concept hierarchies. Findings related to the
hypotheses on short and Tong-term 1earning,‘studént charzcteristics
related to learning, and materials characteristics related to learning
are discussed.‘ Recommendations are also made for chenges in the

materials and further research.



CHAPTER II
REVIEW OF RELATED LITERATURE

This chapter has two sections. The first section examines
physics enrollments and factors related to physics enrollments. The
second section explores the psychological factors of motivation,
self paced learning, structure of learning, hiérarchy-based learning

materials, and personality factors.

Physics Enrollments

The concern about a dwindling percentage of students anvolled
in physics in high school is not a recent one. Lefler (1953:74),
stated: "A]though physics enrolls a sma11er percent of the pupils in
high school than in earlier years, the actual nurber of pupils taxing
physics has not changed significantly through the years."

In a publication by the American fnstitute of Physics (16€0),
it was indicated that only about one-fourth (25 percent) of the high
school graduates studied physics and that this ought to be doubled
within five years. This goal was not achieved. The percentage of
students enrolled in phy.ics actually dropped to approximately 19
percent in 1965 (Simon and Grant 1970). This same year Iowa had 9,094
students enrolied in physics at the beginning of the 1964-65 school
year (Iowa Department of Public Instrucfion 1965). Enrollments in

15
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grade twelve that year weré 42,551 (Iowa Departuwent of Public Instruc-
tion, Part 1 1970). The percentage of students enrolled in physics
was approximately' 21 percent of the grade twelve enrollment.

During the 1969-70 school year there were 7,406 students
enrolled in physics (lowa Department of Public Instruction, Part 2
1970). The grade twelve enrollment was 45,357 (Iowa Dzpartment of
Public Instruction, Part 1 1970). Enrollments in physics were dovn
to about 16 percent. This was not only a percentage decrease but a
sizeable decrease in the number of students enrolled in physics. If
these.fiqures were representative of wiat was happenfng nationally,
for vhich more recent figures were not available, the trend tcward
decreasing physics enrollments had not changed. Certainly, the need

for citizens to be informed in physics is not less todey.

Psychological Factors

Motivation

It has usually been assumed that motivation has been z siznif-
icant factor for learning. The learner has been kept at work by the
teacher using promises of reward or threat of punishment. Motivation
has also arisen as a result of the learner's own goals, interests, and
curiosity, or it may have been any combination of the above listed
factors. However, it has been pointed out that the studies of
psychologists do not support a "straight-forward relationship between
motivation and learning" (Sears and Helgard 1964:182). The problem
appears to be one of lack of clarity between learning and performance.

Fowler (1965) and Berlyn (1960) found that thosc experiences
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eliciting and maintaining curiosity and hehavior were those of orienting,
approaching, investigating, and manipulating. These variables appeared
to be related to what deCharms and Carpenter (1968) referred to as
"Origin" which denoted that the individual originated his own behavior.
This is opposed to "Pawn" behavior which denoted powerlessness.
Laboratory studies by Kuperman {1966) and deCharms, Daughtery, aid Wurtz
(1965) investigated the origin-pawn variable experimentally and found
with respect to the origin model that the subjects, "liked the origin
model best," “became more involved," "chose to continue when interrup-
ted," "completed it more elegantly,” and recalled a nonsense name for
it more frequentiy a moﬁth later. It appeared that the origin dimension
had stronggr effects on behavior.

Bruner, Goodnow, and Austin (1967:17) reported: "Cognitive
frustration within tolerable limits, helps keep search-behavior going.
The 'insight' experience leads to new bursts of testing activity."

Shuftel, Crabtree, and Rushworth (1960), based on their studies
in the elementary school, found that problem-solving and creativity
was aroused by having the teacher establish a classroom climate for
the development of a healthy self-concept, by evoking problems not
imnediately apparent to the learner, and by stimulating a problem-
solving climate that included a search for plausible answers by the
use of experience units, construction activities, science experiments,
group vork, dramatic play, and role playing. |

In sumuary, there appears to be evidence that those behaviors
or activities that are self-originated are more intrinsically

motivational and "insight" experiences stimulate interest.



18

Self-paced learning

Self-paced learning is one way of individualizing instruction.
It can take many forms, including linear programmed instruction which
1s restrictive and branched programming which is less restrictive.

Glaser and Resnick (1972:242) in discussing learning and

individual differences stated:

. there may be every reason to believe that theories which
are most amenable to incorporating individual difference para-
meters will emerge as the most powerful theories of learning.
From the point of view of education, there is a long-standing
desire to design instructional systems that are "individualized"
and provide educational alternatives for the various needs and
talents of the learner, Educators have employed various kinds
of ungraded and track systems, but the degree of adaptation
has never been enough to force answers to the underlying problem

of the interaction of individual differences with instructional
variables. :

Self-pacing is one means of adjusting treatment of aptitude by allowing
the learner to adjust the materials to his rate of learning.

Gagne (1967:25) indiceted that learning under similar instruc-
tioral conditions would be fairly consistent. He stated: "My warking
hypothesis is that, wnen several intellectual tasks are to be learned
under much the same instructional conditions, there will indeed be
some individual consistency in time needed to reach the criterion."
This was contrary to the conclusion of Woodrow {1964) and Humphreys
(1960) who concluded that rafe of learning is entirely inconsistent
from ore task to another. If there is inconsistency in rate of
learning, self-paced instruction has promise.

PSSC Physics was taught as a self-paced learning approach by
Ashenfelter (1969) to two classes of eleven to eighteen students at the

University- of Iliinois‘taboratory High School. He established ground
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rules in addition to reqular laboratory rcports and tests. Students
were expected to work near capacity, to hand in a weekly log of work,
and to compiete the course.

After eighteen weeks, seventy-five percent of the students
wanted to continue this approach. The advantages cited were that
students could self-pace as needed, rarely missed discussion through
absence, could schedule their own time for tests, and could interact
more with other students. Also reported as advantages viere that the
instructor was more available for individual help and that indivicual
or sﬁa]]-group problems could be more fully explored.

Intermediate Physical Science was independently schecuied and
sequenced by Koser (1969). This approach consisted of a sequencing of
laboratory problems, a written evaluation of them, and ths end-of-
chapter home, desk, and laboratory problems. Students worked in ¢croups
of two or three. Reported findings were that pressure of kecping up
was removed from slower students, frustrations of Letter students
waiting on slower students was released, pressure on the instructsor
increased, and students got more positively involved at the beginning
of the class period. Although another teacher-paced approach was
ahead in number of experiments completed, the general feeling of
teachers and students was that independent scheduling was the better
arrangement.

Biology was individualized by Richard (1969) at the Colorado
State College Laboratory School. The Biological Scienée Study
Committee Green Version was used with two matched tenth grade classes

of thirty students cach. Time blocks for completing required activitics
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were established, but the experimental group individuals were allowed
to sequence the activities. The hypothesis that there would be no
significant difference between the two groups at the .01 level when
corpared with national norms on the BSCS Achievement Tests was accepted.
Analysis of student copinions was that self;yirected students liked the
approach while the non se]f—direcfed had diff%culty organizing their
work.,

A program of Individually Prescribed Instruction in science for
the primary grades that will eventually be developed through grade nine
was described by Champagne (1970). The individualization was largely
self-pacing and had mini-placement tests. Simmons and Garvue (1969)
felt the program might produce individuals who were more self directed
and independent, )

In summary, self-paced learning appears to hold pronise for
the learner. The majority of students in the studies citeé tended to
favor the approach because it removed pressure from the slow learser
and frustration of waiting to proceea.for the ranid learner. Sel’-
paced instruction may also allow the learner to adiust his rate
depending upon the intellectual task. Differences for learning rate
between individuals and within the individuél from task to task may be

adjusted,

Structure of learning

Questions regarding characteristics of the learner and how
these relate to the way individuals learn have also been raised. The
structure of learning itself will now be examined from different points

of view. Guilford (1968) theorized that general intelligence is made
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up of numercus specific factors and that these factors play impertant
roles in the learning process. Two individuals with similar geneval
intelligence quotients were considered to generally differ substsntially
in the factors comprising the common quotient and thus differ ia ine
way they learned. Each factor was considered to be a unique ability
and was theorized to fall into one of three categories--operation,
product, or content. The content category and product catégory were
considered to interact. Guilford (1968:55) stated: "I sometimes think
of the content categories as being the kinds of raw materials of
information and the product categories as the kinds of manufactured
articles that the organism makes of the raw materials." The operation
catégory was considered to include those factors that processed the
content to produce the product. The four to six factors in each of the
three categories were then theorized to interact in a three dirensional
system to produce approximately 120 possible combinations.

The content category contains figural (sensory percepiicr of
properties), symbolic (perception of signs, letters and digits), &nd
semantic factors (pérception of verbal meanings or ideas). Sywbalic
abilities are considered important in the field of mathematics and
semantic abilities in verbalization. The physics program assessed
placed great emphasis on symbolism such as data table models, graph
models, and sentence models. It was thus expected that the Iowa Tests
oV Educational Development Quantitative Thinking Test scores would be
better predictors of success with the materials than general intelli-
génce scores because success with both required symbolic abilities.

The content cateqory perceptions are then operated on {operation
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category) by the factors of evaluation, convergent and divergent
production, memory, and cognition. Cognitive operations dealt with
discovery, knowing, and rediscovering. The operation of convergent
production is considered important in arriving at the right answer on
multiple-choice test items. Both the Quantitative Thinking Test items
and the test items written to assess the students progress with the
materials were multiple-choice items. Convergent production abilities
were thus expected. to be important in arriving at the correct answers
on both tests. This was expected to aid in making Quantitative Test
scores better predictors of success with the materials as determined
by fest scores., |

The product category included units, classes, relations,
systems, transformations, and implications. Cognition of these products
was considered important in discoVery.A Thus, the learner was considered
a processor of information and learning was considered the discovery of
information. Stored information was considered necessary for transfer
and the candition for transfer was the similarity of task.

Gagne (1965) takes a different‘approaéh to learning theory.

His theory focuses on different types of léarning and each type is
theorized to build on learning that took place in a simpler type. This
learning theory is hierarchical,

Internal capability is considered necessary for learning from
external stimuli. The degree of learning depends on prior capabilities,
In his theory (Gagne 1965) stimulus-response learning can be connected
through the learning process of chaining. The chains can be utilized

for verbal-assoc-ate learning. VYerbal-associate learning can then be
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utilized for multiple discrimination learning which is utilized in
concept learning. Concepts are associated in principle Tearning, which
in turn, is necessary for problem solving.

Concept Tearning involves putting things in a class and
responding to dissimilar stimuli with a similar response. The condi-
tions within the learner for concept learning would be prior stirilus-
response, chaining, verbal-assoctation, and multiple discrimination
learning. Situational conditions for concept learning are chains with
a common final link that are presented in close time successicn, new
situations or instances with an old fiha] link, and reinforcement. The
concepts learned are considered to free the individual from control by
specific stimuli,

The learning of concepts stems from experience that result from
stimuli that are "classified as a member or a nonmerber of a concept
class" (Glaser 1968:42). This abstract process is probably nzvar
complete although single concepts may be quite statle. The Izzr-ing of
concepts and the relationship between test items of the sarme and
different levels of difficulty were examined to determine the ceiree to
which a concept was learned.

Verbal Tearning typically used four types of tasks in assessing
learning: serial learning, extended serial learning, paired-zsscciate
learning, and free recall learning. In a review of research findings
dealing with distributed practice, Hall (1971:222) stated that "the
experimental evidence appeares to be unequivocal in demonstrating the
superiority of distributed practice in serial learning tasks." (Cistri-

buted practice was often found to be a positive factor in pair-csseciate
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Tearning also but not to the extent evidenced in serial learninc.

Hypothesis-testing theories view the learner as active in
selecting wiys to operate on iis environment {Bruner, Goodnow, ard
Austin 1956). The learner is viewed as actively choosing some tentative
hypothesis to test in forming and utilizing concepts. Then decisions
are made by the learner that require further decisions that eventually
lTead to the acceptance or rejection of the hypothesis. The use cof
hypothesis-testing appears to require a minimal background of Tearning
that can be transferred to a new conceptual problem (Bourne 1966).
Focusing strategies were found to vary and be dependent on the problem
factors and previous leérning. v .

Hypothesis testing was placed at one end of a continﬁum by
Boturne (1966:43) when he stated:

[t is possible to think of nonmediated S-R, mediated 5-2,
and hypothesis-testing theories as representing some scri of
continuum of behavioral sophistication. Indeed, mediational
and hypothesis-testing theories seem to differ mainly in
technical language, and except for the manner in which
internal processes are initiated--mediators through sore
stimulus cuing event and hypotheses by a subject-determineg
selection process--are often directly translatable. The
theories are not necessarily incompatible. 1n fact, conflicts
seem to arise only when a theorist, committed to a single
position, insists that his theory holds for all behavior no
matter what the circumstances. '

The functions of mediators was described by Bourne (1966:35) when he
stated:

. « . mediators provide the kind of building blocks from which
sg-called abstract and/or hierarchically arranged concepts can
be forined. The most basic concepts seem to be those wherein
simple stimulus attributes correspording to physical dimensions
are the fundamental elements. Mediational representations of
these groupings can be combined complexly so as to produce
concepts with no physical referents.or instances; that is,
concepts defined snlely in the abstract with words. Theovet-
ically, mediationally represented concepts can be combined and
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arranged into higher-order, more inclusive groupings interminable

except for limitations on the intellect of the individual dealing
with thenm.

In summary, Quantitative Thinking Test scores were expected to
be very significant predictors of success with the materials because
both required symbolic and convergent production abilities. The

relationship of success with items of similar and different difficulties

of concepts was also examined.

Hierarchy based learning materials

One of the ways of organizing the learning task is to develop
learning hierarchies. In developing a learning hierarchy, a terminal
task is selected, hypothesized subordinate tasks are selected that are
considered precursors to the terminal task, and the learning hierarchy
is tested to determine if positive transfer from one level of -ie
hierarchy to the next has occurred (Gagne and Paradise 1961). Thase
hierarchies stress what the learner is able to perform. Positive
transfer within o learning hierarchy was found by Gagne and Paracise
(1961); Gagne, Mayor, Garstens, and Paradise (1962); and Merriii {1955).

The number of trials necessary to learn a task when the learner
started with the simpler tasks or with the terminal task was investi-
gated by Resnick, Siegel, and Dresh (1971). They found that fewer
trials were needed when the learner progressed from the simpler task
to tne terminal task. Those learners that were successful in beginning
with the terminal task were found to have acquired some of the
subordinate tasks in the process.

A validated learning hierarchy appears to hold promise for

individually prescribed instruction Glaser and Resnick (1972) support
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the idea that the performance of the learner with tasks within the
hieranchy can be tested and the learner placed in the learning hieravchy
at the task where optimal learning will take place.

Conclusions drawn from studies on learning hierarchies appear
promising. Gagne and Paradise (1961:15) found a decreasing pattern of
correlations between “relevant basic ability factors and rate of
learning" as the learner progresses through the hierarchy and that rate
of learning increasingly depends on acquired subordinate behaviors.
Walbesser (1968) concluded that thé longer the learner was in the
program "Science--a Process Approach" the more successful he was. He
also found that the acquisition of desired behaviors was not biased by
socio-economic conditions.

In summary, positive transfer of learning was highlv evidenced
in Tearning hierarchies, The terminal behavibr in the hierarchy was
achieved with the fewest trials if the learner started with the si-ivlest
behaviérs and progressed sequentially to the terminal behavior. ZJone
learners are able to achieve *he terminal behavior without pro;vaséing
through the learning hierarchy. When they do, there is evidence that
some subordinate behaviors have been learned in the process. As the
learner progresses through a learning hierarchy rate of learning was
found to be increasingly dependent on acquired subordinate behaviors
ahd decreasingly on "relevant basic ability factors.” The longer a
learner was in a learning hierarchy the more successful he was in it.
~ The acquisition of bahaviors in a learning hierarchy was not found

biased by socio-economic conditions.
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Personality factors

This section deals with intelligence and type behavior as
factors associated with concept learning. Also -included are coipe-
tencies that are related to certain modes of instruction.

The role that intelligence plays in conceptual learning is
generally assumed to be quite strong. In fact, conceptualizing is even
often thought of as a factor of general intelligence. A review of the
Titerature by Bracht (1970) resulted in his concluding that intelligence
scores and similar general ability measures and general achievement
measures were not useful variables in determining alternate treatments
for subjects in a homogeneous ége group. However, the measures did
correlate substantially with achievement in most school tasks. Specific
factors that comprise general intelligence yield more promising raesults.
A study of loading of some different factors of intelliigence on
learning by Guilford (1968:72) resulted in his stating:

Of the four SI (Structure of Intellect) operation
categories involved in this study, that of the memory abilitiss
appeared to make the greatest contribution to learning.........
Meaningful or semantic information is more readily remembere<
than other kinds, and it is often found in memory experiments
that employ figual or symbolic information that S's {subjects)
translate such information into more readily remembered forrs.

But in this experiment, there were some signs of translation

in the other direction as well. A human subj2ct is a very

resourceful creature.
In reporting on a study of factors that were sta‘istically significant
in predicting success in ninth grade algeqra, Guilford (1968:183-84)
stated:

With only predictors that gave stali«iically significant
contributions to prediction of achievement, ;ome 12 different
factors viere found ralevant. Most of these factors are from
the symbolic cateqgory of the structure of intellect, very few
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are cognition factors and quite a nurber are evaluation factors;
most of them deal with products of relations and implications.

The implications of these findings for education are numerous.,
For one thing, we see the importance of SI abilities for dealing
with classes (concepts) (Guilford 1968:73).

The preference of individuals to choose a certain type of
behavior such as extraversion or introversion, sensing or intuition,
thinking or fee]iné, and judgment or perception has bheen studeic by
Myers (1962). She found that scholastic potential appears to be
assqciated with preferences for introversion and intuition, and that
these types had the highest mean grade point average. A comparative
study of type and intelligence was conducted by Myers (1962:44) with
grade point average. Concluded was that a substantial portion of
superior scholastic achievement cannot be attributed to intelligence
when introvert-intuition lypes were‘compared with extrovert-sensing
types. Hypothesized was that introvert-intuition types had 3 greater
"natural interest in scholastic activity and that ES (extrovert-:znsing)
types have the least."

A quantitative study comparing audio-tutorial aﬁd traditicnally
organized biology instruction at the college ievel was reported by

f”SZabo and Feldhusen (1570). Success in the courses was compared to
intellective, personality and biographical variables. The top third
of the audio-tutorial group in achievement had significantly higher
mathematics reasoning skills and past science achievement. The high
achievement subgroup of the traditianally--organized course had
verbal aptitude, mathcimatical computation skills, and restraint

(téndency toward introversion) significantly related to succéss. HNo
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intellective predictors exhibited a significant relationship with
success in the audio-tutorial course, |

A curriculum is fypica]]y developed from a written set of
objectives. These objectives vary and thus the curriculum and
evaluation varies. Widely accepted standar@ized instruments are biased
depending on the objectives they are designed to measure. Thus it was
not surprising that Hipsher (1961}, Heath and Stickell (1963), and

 wa11acé (1963), found that students studying respectively; Physical
Science Study Committee Physics, Chemical Bond Approach, Chemistry--An
Experimental Approach, and Biological Science Curriculum Study Biology,
did better on tests designed for that specific curriculum than did
those students who were studying some other program. Harvard Project
Physics (1969) reports similar results.

Oster and Fivel (1961) studied conceptual behavior using two
groups of children at each of the ages of six, ten, and fourteen years.
One group had intelligence quotients betveen 20 and 109 vhile the other
had quotients above 110. Some subjects showed grédual improversnt

~while others arrived at solutions suddenly. Rapid concept learning was
found associated with age and intelligence. The interpretation of this
was that some used stimuius-response associations while others used
hypothesis testing. Sudden learning, hypothesis testing, was much
>higher among the higher intelligence group and older subjects. The
researchers reasoned that the more intelligent and older subjects may
be betier able to use symholic or mediationa] processes. A furter

study by Osler and Troutman (1961) tested the prediction that more
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intelligent individuals tend to use mediational processes. The
conclusion was affirmative.

In summary, it appears that general ability factors are nct
useful variables in determining alternate treatments for subjects in a
homogeneous age group. Memory abilities of intelligence appear to be
the greatest contributors to learning. Semantic information is rost
readily remembered but often found was figural or symbolic information.
Algebra performance was best predicted by symbolic content, evaluation
operations, and relations end implications products.

Introvert-intuition types were found related to scholastic
potential,

Mathematics reasoning skills were found significantly
corretated with success in audio-tutorial instruction but intraversion
was significantly correlated with more traditionaily-organized course,

More rapid working children up to fourteen years of age vwere
found to use hypothesis-testing as opposnd to stimulus-respons2 “ar
those progressing more slowly and this was positively related :c

intelligence and age



CHAPTER 111
DESIGN OF THE STUDY

This chapter consists of sections dealing with the selection
of the sample school and sample teacher, analysis of content of
materials, selection and evaluation of instruments, collection of data,

and analyses of data.

Selection of Sampte School and Sample Teacher

The purpose in this study was to assess the use of a self-pacing
laboratory criented approach for teaching high school physics. The
sample school where the study was condﬁcted was selectad because it
was utilizing the physics program investigated and was ciose to the
University of Northera lowa where the investigator was teaching. The
selection of the sempte school determined the selection of the semple
teacher. *

ProXimity of the sample schpP}Tto where the investigator was
teaching allowed a minimum of a weekly visit with the teacher to
deliver evaluation ﬁaterials, pick up completed materials, and report
evatuation results. It was felt that this constant feedback of test
results would encourage the students involved to work more effectively
as test results were not used to determine -grades. (For a copy of

achievement report form, see Appendix D.)

31
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The sampte has beenlﬂeécribed heré as the physics class at

Co]ﬁmbus High School.

Analysis of Content of Materials

A 1isting of concepts and where they were introduced, developed,
and utilized in the materials was not available. An analysis of
concepts was thus felt necessary to describe the scope and sequence
of concepts. The scope and sequence of concepts was constructed by the |
investigator by carefu) analytical readings of the materials. The
Defense Documentation Thesaurus (1966) was utilized for basic organiza-
tion and minimum estab]ished terminology. The concept chart was
utilized in the construction of evaluation instruments.

The following statements describe the scope and sequence ¢f
the materials. Models, frames of reference, dimensional operations,
vectors and scalars, direct and inverse variation, and mathematics
used in the course, were found in Parts 2 through 9. Mechanics w»zs
treated in Parts 10 through 30. Wave motion was found in Parts 2%
through 35, and Part 37 introduced electricity and magnetism which
was to be expanded by Parts yet to be written. (For information &s
to scope and sequence of concepts and a table of contents, see
Appendix A.)

The processes of science incorporated in the program to be
learned and utilized by the students were also analyzed and described.
The processes of science analyzed were selected from the 1isting of
RAAS (1966), and SCOPES (Finsand and Potter 1968). Tﬁese processes

of science were organized around the process of model formulation as
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~ the writer of the course placed great empahsis on the understqnding,
development, and analysis of models. The processes were organized
around diagram models (maps, blueprints, or sketches), data table
models (gas mileage charts or distance-time charts), graph models
(paired data plot such as the Dow Jones Averages), descriptive mcdals
{written or oral accounts), and sentence models (symbolic representa-
tion such as the Phythagorean Theorem). Processes of science were
organized around inquiry when a specific model was not suggested.
The analysis and listing of the processes of science were accomplished
by a few analytic readings of the printed materials for each specific
process of science described. (For a description and listing of
processes of science, see Appendix B.)

The description and sequencing of processes of science
organized around models wzre then utilized in the construction of
evaluation instrumentsi This investigator felt that a test itz

should be valid for both concept and model utilized.

Selection and Evaluation of Instruments

The selection of instruments was based on the scope of the
study. The decision was made to utilize data from 1nstruments
administered in the schonl as a part of the evaluation programn where
such were applicable. The three aspects on which data were collected
were those concerning parsonal characteristics of the learner, the
level of educational development of the learner, and Qerformance on

physics test items.
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The evaluation instruments used in the study fell into
categories of those a]réédy”utilized by the school, those already
developed but not used by the school, and those to be developed by
the investigator.

Selected evaluation instruments ufi]i;eq
by the school on a regular basis

Group itntelligence testing was done on a planned basis
periodically in the school. One administration was made during the
high-school years. These scores were used. The intelligence test
used was the Henmon-Nelson. It has a reported reliability of .94
(Buros 1959)}.

The Iowa Tests of Educational Development were used in the
" school and administered in the early fall. Selected from this
battery viere the standard scores on the Background in the NHatupral
Sciences Test, Reading in the Naturai Sciences Test, Quantitativs
Thinking Test, and the Compnsite score. Reported reliabilities cf
these tests average .91 and standard error values average 1.75

(University of Iowa 1971).

Special evaluation instruments

The FMyers-Briggs Type Indicator was chosen to determine the
effects of behavior types on performance. This instrument was based
on the theory that human behavior is quite orderly and consistent
even though it appears randemn. Behaviors assessed were extraversion
and introversion (E or I), sensing and intuition (S or N), thinking

and feeling (T or F), and judgment and perception {J or P).



Split-half reliabilities reported in the ranual for various arcurs
generally fall botween .75 and .90 for the paired preferences {Myers
1962:20). (A copy of the Myers-Briggs Type Indicator [Fj is availeble
on Toan from the investigator.)

An instrunent was constructed of selected PSSC rinal Examina-
tion questions judged appropriate for the course. The test was
constructed from the PSSC FinéI Examination - Form F (1964). Thirty-
eight of the eighty items in the test were selected. They were
selected as appropriate to individual Parts of the course by this
investigator and the course writer independently. A conference was
then held between them to jointly agree on test items to be used and
the Parts they evaluated. These were then ordered to follow the
materials sequence. Only those items evaluating Parts the stucent
had finiched during the school »zar were corrected. Specific cate en
item difficulty was searched for by the investigator but not found
and requested from the Educationa] Testing Service. A letter cof
reply stated that such information was not available. (A copy of the
test constructed from the PSSC Final Examination - Form F questions

is available on loan from the investigator.)

Evaluation instruments_developed by the investigator

In order to evaluate the specific objectives of the progran,
it was necessary to develop instruments based on these objectives.

Thirty-six instruments were constructed to evaluate under-
standing of concepts. The thirty-six instruments, one based on each

Part of the course, were constructed by analysis of concepts developed
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in that Part and models utilized in that Part and previous Parts. These
ftems were then submitted to two staff members of the Physics Department
at the University of Northern Iowa who served as expert readers. Each
test was comprised of 12 or 6 multiple choice items with four possible
answers and one correct answer. The number of test items to evaluate
each Part was based on the number of concepts reportedly developed in
that Part. Shorter and less comprehensive Parts were evaluated with
six-question tests. (A copy of each of the thirty-six Part Tests is
available on loan from the investigator. Terminology used‘follows
that of the physics materials.)

Four instruments were constructed to evaluate understanding of
concepts upon completion of each unit. The four Unit Tests were
comprised of forty-six items. Five jtems were selected fron each cf
eight Part Tests and six items were chosen from the ninth Part Test
to give an even number of items. Reliabilities (Kuder-Richardson =20)
were established for each Unit Test and item difficulty and discri-ina-
tion indices established for each item using students studying K°7 :nd
PSSC in classes at Cedar Falls Community High School. Unit I Test
analysis based on a sample of 84 students produced a mean of 25.04,

a standard deviation of 6.63, and a reliability of 0.81. Unit II

Test analysis based on « sample of 21 students produced a mean of 17.29,
a standard deviation of 4.29, and a reliability of (0.56. Unit I1I Test
analysis based on a sample of 27 students produced a mean of 22.19,

a standard deviaticn of 7.01, and a reliability of 0.83. Unit IV Test

analysis based on a sample of 33 students produced a mean of 24.36,
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a standard deviation of 6.07, and a reliability of 0.75. (A copy of
each of the four Unit Tests is available on loan from the investigator.)
A Final Test, also used as a pre-test, was constructed to
assess concepts at the end of the school year. The Final Test wss
constructed of one item from each Part Test. The items were chosen
“from those that were used in the‘Unit Tests on the basis of the best
combination of item discrimination and approximately fifty percent
difficulty as determined from administration to the non-sample
students at the Cedar Falls Community High School. Students wazre
instructed to complete alt test-items when administered as pre-tesp_
and as many items as they had part; of the course when administered
as the Final Test. (A copy of the Final Test is available on 1oan1il
from the investigator.)
Reliabilities were not established for Part Tests and the
Final Test. They were considered satisfactory because almost paif of
the Part Test items appeared on the Unit Tests and all Final Tes®
items were selected from the Unit Tests.
The funneling of questions from the Part Tests to the Uni:

Tests and finally to the Final Test is presented in Table 1, p. 38.
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TABLE 1

FUNHELING OF TEST ITEMS TO FINAL TEST
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Part Tests Unit Tests Final Test
Part Item Unit 1ten Item
2 3 1 3 1
3 10 1 9 2
4 8 1 15 3
5 1 1 16 4
6 3 1 22 5
7 5 1 26 6
8 ) 1 35 7
] b 1 40 8
10 2 1 42 )
11 1 2 ¢ 1 10
12 3 2 8 11
13 7 2 13 12
14 4 2 19 13
15 1 2 21 14
16 5 2 30 15
17 6 2 32 16
15 2 2 37 17

19 4 2 13 g ]
20 10 3 5 19
21 6 3 10 20
22 1 3 11 Z1
23 3 3 18 e
24 8 3 25 75
25 3 3 28 24
26 2 3 32 _ 25 7
27 1 3 306 26
28 1 3 41 27
29 5 4 4 28
30 2 ] 7 29
31 2 4 12 3
32 2 4 17 31
33 4 4 23 32
34 2 4 27 33
35 2 4 32 34
36 1 4 36 35
37 5 g %5 3
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Collection of Data

Procedures

Procedures for -ollection of data were cleared with the
school administration. The names of students enrolled in the course,
sex, grade classification and intelligence quotients were obtained
from the guidance counselor. Iowa Tests of Educational Development
standard scores were also supplied by the guidance counselor about
the middle of the school year when results were received after an
early fall semester administration by school personnel as part of
the regular testing program. (For a copy of the Sample Characteristics
Form on whizh this data was col]ected; see Appendix C.) The guidance
. counselor also cooperated by administering the Myers-Briggs Type
Indicator and the investigator scored them. A1l physics tests were
administered by the teacher when the individual student had completed
a Parf or Unit or when the end of the school-year was imminent.
Written instructions were provided with each test and kept stendsrs
so directions by the teacher were not necessary. Part and Unit Tests
conpleted were picked up weekly by the investigator, corrected by him,
and resulté reported to the teacher as the number missed the folleuwing

week. These scores were not used for grading.

Timetable of study

The sequence of the study was as follows:
Septeniber, 1969 Beginning of school
Administration of Myers-Briggs Type Indicator

Deliverad Part tests and answer sheets



October, 1969-

January, 1970-
April, 1970-

June, 1970-
September, 1970-

Octcber, 1970-

January, 1970-

40

Obtained class Tists

Established reliability of Unit Test I

Administration of Part Tests beghn as Parts fiaished

Began weekly pickup of test answer sheets and result
return

Administration of lowa Tests of Educational
Development

Administration of Unit Test as Unit finished

Cbtained §amp1e characteristics data

Established re]iabi}ity on Unit Tests II, III, and IV

Selected Final Test items

Printed Final Test

Administration of PSSC items

Administration of Final Test

Administration of pre-test to similar sample

Administration of ITED to similar sample

Obtained sample characteristics of similar sa~:le

Analysis of Data

The analysis of Unit Tests was done by the Research Bureau at

the University of Northern lowa. The answer sheets were machine scored

and a computer program was run that provided frequency distribution of

scores; provided keyed item responses to foils for each jtem; provided

item porcentage difficulty; previded item discrimination; and provided

means, standard deviations, reliabilities (Kuder-Richardson #20),

sample size, and discrimination and difficulty anclysis by items. This
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analysis of Unit Tests was used specifically to determine veliability
of the Unit Tests and to select {tems for the Final Test. The s2lzction
of Final Test items was ba;;d on the criteria of selecting one iten
from each Part of the materials appearing on tha2 Unit Tests thet nad a
high discrimination index and approximate difficu]fy of fifty percent.
The Final Test had, based on the administration of Unit Tests at the
Cedar Falls Community High School, ah average difficulty of .54 and
discrimination indices of fair for four items, good for eleven items,
and very good for twenty-one of the thirty-six {tems.
The use of the Instruction and Research Computer Center at The
Ohin State University was arranged for by the investigator's adviser.
A statistical«program consultant was provided at the Center based on
| the programs desired to be used. This consultant provided cssistznce
on specific program selection and programming. The Biomedical Prccrams
of the Health Services Computing Facility at the University of
California at Los Angeles were used exclusively on the advice ¢ -2
investigator's adviser. The January 30, 1970, revision of the £-.23D
was used for obtaining correlations when the number of variables .zs
not great and the May 10, 1968, revision of the BMDX84'was used wnen
the correlations between ivo hundred and ninety-three variables was
ieeded. The January 13, 1970, revision of the BMDX70 was used %o
compute variances. Multipnle regression was computed using the BMDOZR.
A correlation matrix (BMDO3D) was run to determine the relation-
ship of sample characteristics, test scores, cquated test scorns, rate

of progress, Part Scares, and other pertinent data to support
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or reject hypotheses. (For definitions of terms and how they were
computed, check the section on Definitions in Chapter I, p. 7.)

Levels of significance of correlations were determined using
“Table VI, Values of r for Different Levels of Significance"l(Downie’
and Heath 1965:306). Degrees of freedom were established as N-2.

Variance (BMDX70) was computed between the sample (Colurbus
1969-70) and the Columbus High School physics class of 1970-71 to
determine if the two classes were comparable. Characteristics cempared
were intelligence quotients, and standard scores from the lowa Tests of
Educational pevelopment (Background in the Natural Sciences, Reading
in the Natural Sciences, Quantitative Thinking, and the Composite)
administered during the years the respective sample and pre-test group
were taking physics. These data were used because they quite consis-
tently correlated significantly with test scores and progress of tre
sample. It would thus be ppssible to genera]fze to the 1570-71
pretest group any problems incurred by the sample.

Careful analysis of the data collected warranted the siczerent
that these two groups were not significantly different at the: .05 level
of prediction in intelligence quotients, on the Iowa Tests of Ecuca-
tional Development standard score on the test Quantitative Thinking and
on the Composite. They differed significently, at the .05 levei, only
on scores on Reading in the Natural Sciences Test and Background in
the Hatural Sciences Test. Since these test scores were not found to
be significant predictors of performance, the two groups were judged
by the investigator to be comparable groups and any difficultics of

the sample could be generalized to the 1970-71 groun. The results of
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tasts of variance are found in Table 2, on p. 43. The "X" variabia is
the 1969-70 sanple and the "Y” variable is the 1970-71 group. while
the "P Vatue" in vertical column eight indicates the 1969~70 samale and
1970-71 group are significanily different at the .02 level of
significance in standard scores on the Background in the Natural
Sciences Test and Reading in the Natural Sciences Test. The same
values under pooled variance estimate and separate variance estinzte do
not indicate the two to be significantly different in standard scores
on the Background in the Natural Sciences Test. The “P Values" of .61,
.62, and .62 for Quantitative Thinking indicate that the sample and
the class of the following year are quite similar in abilities in this
area. Quantitative Thinking Test standard scores are the best
predictors of Unit I Test Scores, Unit II Test Scores, and the Fauated

Final Test Scores with 33, 42, and 44 percent of variance accountad for

respectively.
TAPLE 2
VARIANCE
Coltumbys 1979-7% with Columbus 1969-70 -
X, 42 cases with ¥, 48 cases) ‘ L
y i Fooled , "} . Sena-ate
aj C Veriance Fstimate Yariance tstimale
r{ a
i] s | Mean | Standardy Standard; F P
3] e Devintira frror [¥alue} Yatue Cegrees fegrees
bl s T of (4 T of ?
1 Vatue | Freedon | Velue | Vatue } Fraecen | Value
°
i.9. Xl4 Nns.7 . .
¢ oR DS BMEES IR . Voo le oo sl ow Joes |0 ess [
P —— ——————fa - e e e e - - e e
Backgraund in the X q42 22.9 1.2 T 0.5 .
Paturol Seiences. | v 4| 20.8| 4o o (200002 1oyl w3 fom | onsf g4 fos
PR TP PN SN S UNOUN [N RN PRI NI SUUN SRS SNSRI SUPNII WD SN J
Prading in tha K42 5.6 4.1 0.7 »
hetural Sotences | v |43 | 73] 6.2 0.9 4.0V 10.07 |-2.40 ; g8 10.02 | -2.45 2d.41 0.2
gontitotive L& fez| 20| 52 108 1w leer Vaan b w0 Tow Vool e
Tninking vl 257 5.6 0.0 1.16 | 0.6% 0.4% &3 0.62 0.43| 87.70 0.6
Ceaasits x|12] 2561 s.0 0.3 i o
1o Y {43 27.6 6.4 0.9 jl.bs 0.te }-1.70 3 0.0% 1.73; 84,37 0.1
e od SR SN d e — RO SR
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Multiple regression (BMDOZR).was run in which test scores vere
used only as dependent variables and independent variables were only
used as such. Independent variables included those factors which
appeared on the basis of the analysis of correlations to be related to
performance--intelligence quotients, ITED standard scores, weeks spent
on Unit I and II, and total Parts completed.

Correlations (BMDX84) between individual performance on test
items from Pért Tests 2-23 and items from those Parts appearing on the
Final Test were run. lLevels of significance were established and those
significant at the .05 level were used to determine if learning

hierarchies existed in the program.

Summary

This investigation was designed to assess the use of a self-
pacing laboratory approach for teaching high schocl physics during the
1969-70 school year. The sample consisted of 43 students enrcilzs in
the program at Columbus ifigh School in Black Hawk County, lowa.

This chapter contained a description of how the sample scacol
and teacher were selected, how the materials were analyzed for sco:ze
and sequence of concepts and processes of science, how instruments
were selected or constructed and reliabilities established, how
data was collected, and how data was analyzed.

Students were identified by number to avoid identification of

individuals.




CHAPTER 1V

THE FINDINGS

Introduction

This chapter contains a presentation, interpretation, and
analysis of the data nbtained through a careful examination of the
printed program materials and the instruments used in the study.
It contains sections on concepts and processes, sample cheracter-
istics, performance characteristics, learning hierarchies, and
analysis of hypotheses.

Each section is presented, evaluated, and surmated as a

unit.

Concepts included in the materials

The first eight Parts of the materials, Parts 2-9, introduced
the studeat to the program, to the models with which he worked, to
kinds of motion, to frames of reference, to dimensions and dimensional
operations, to vector and scalar quantities, and to direct and inverse
variation. The mathematics used by the student using the materials
was also introduced and practically applied in these eight Parts,

Some concepts of mechanics (motion, rotation, and velocity) were
utilized in Parts 4 and 5 Lo introduce models appropriate to them

45
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The concepts were, with some overlapping, ofganized in two
broad areas--mechanics in Parts 10 through 30 and wave motion in
28 through 35. Electricity and magnetism in Part 37 introduced &
third broad area that was in the process of being developed.

In the first broad area of mechanics, miscellaneous mechanics
concepts vere found in Parts 10 through 30. Fluid mechanics ccqsépts
were, in the main, found in Part 24. Thermodynamics concepts were
dealt with in Part 25.

The broad concept of energy was used as the vehicle for an
easy transition from mechanics to wave motion. Energy was introduced
in Part 22 and continued through Part 30 with the transition from
mechanics to wave motion taking place in a gradual manner from Parts
28 through 30.

The secend broad concept area of wave motion had wave
propagation concepts included from Parts 28 through 36. Acoustics
concepts were treated in Parts 28 and 29 with optics concepts i- “:ris
30 through 36. Part 37 contained a review of ideas related to e~ zrgy
and introduced concepts of the third broad area--electricity and
magnetism. ( For a more detailed understanding of the scope and
sequence of concepts and a table of contents for the materials, see

Appendix A.)

Processes of science utilized in the materials

The processes of science were an integral part of the materials
and received major cmphasis throughout the content of the materials.

The simpler processes of science, those apprearing in approximately the
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first half of the$1ist1ng,.were developed early in the materials and
then utilized as an integral part of the program from that point on.
The more complex processes of science that required more advanced
skills of inquiry and integrate the simpler processes of science were
begun early in the program of studies and their development continued
throughout it.

The sixteen processes of science were organized around data
table models, graph models, sentence medels, diagram models, descrip-
tive models, and methods of inquiry. Formulating these models reccived
great emphasis early in the program materials as the important method
to organize observations to discover relationships in nature. The
processes of science were listed under inquiry when no mcdel type was
suggested and laboratory activities were less stuctured anc more
open-ended. Processes listed under inquiry were more prevalent in the
latter Parts of the materials when activities were more open-ended.

Processes were organized so that each process of science -zould
be treated separately and organized under the five separate modeis
and inquiry before the next process was described. The three nurzars
preceding each listed process of science identify the Part, page, and
activity where that process was used (e.q. 2-9-1 refers to Part 2,
page 9, acfivity 1 as numbered in the printed program materials).

Some processes of science listed are preceded by only the Part number
as they do not specifically fall on a distinct page or within a given
activity. (For a scopb and sequence of processes incorporated, see

Appendix B.)
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In summary, this investigator's analysis of printed materials
indicated that the writgr of the materials appeared to have devslczad
two important basic topics of physics in some depth, mechanics and wave
motion. He also incorportaed the processes of science throughout by
having the student interact with materials and ideas in an investiga-

tive approach to learn and expand science concepts.

Characteristics of the Sample

This section contains findings concerning preference for
Myers-Briggs Type, intelligence quotients, selected tests of the Icwa
Tests of tducational Developwent, sex, and pre-test and post-test

sample variance.

The data obtained by the administration of the Myers-Srizss
Type Indicator (Myers 1962) during the first week of school in iis
fall are shown in Table 3, p. 49. The forty-eight students in th:
sampie were approximatcly evenly divided on the preference for
extraversion or introversion. The preference for sensing or intuition
as a way of interacting with the environment was largely for intuition
with seventy~five percent of the students indicating that they
preferred to come to conclusions in this manner. The choice of
thinking or feeling as the kind of behavior individuals in the sample
tended to prefer using was approximately fifty-six percent for feeling

and forty-four percent for thinking. This difference was assumed not



TABLE 3

PERCENTAGE OF COLUMBUS SAMPLE FOUND IN
SIXTEEN TYPE GROUPS AND INDIVIDUAL TYPES

1STJ ISFJ INFJ IRTY
2.1 2.1 0.0 8.3

1 STP ISFP INFP INTP
2.1 6.2 16.7 10.4

ESTP ESFP ENFP ENTP
6.2 2.1 27.} 8.3

ESTUJY ESFJ ENFJ ENTJ
4.2 0.0 2.1 2.1

Index Preference Percentage
E Extraversion 52.1
I Introversion 47.9
S Sensing 25.0
N Intuition 75.0
T Thinking 43.7
F Feeling 56.3
J Judgment 20.8
p Perception 79.2
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great enough;to reflect that a significant portion of the sample
preferred arriving at a judgment in either specific manner. fnprexi-
mately seventy-nine percent of the sample preferved to deal with <he
environment through perception and only twenty-one percent through
Judgment, The large majority thus relied on intuition and percevtion
for dealing with their environment. These major preferences resulted
in placing approximately sixty-two percent of the population in ihe

INFP, INTP, ENFP, and ENTP type groups.

Intelligence quotients

The intelligence quotients of the sample ranged from 85 to 140.
The median of the intelligence quotients was 117 and the rean 116.
The intelligence quotient of one student was not avaiilable. A1l of
the semple were seniors. Tie mean intelligence quotient of thz senior
ctass at the school was 112. Eighteen or 38 percent, of the 47
students for whom intelligence quotients vere availabie had inzel™i-
gence quotients of 112 or less. From these figures it was apsare~t
that students of average and below mental ability appeared to enrsil
in the program in substantial numbers. (For a listing of intellicence

quotients, sce Table 4, p. 51 and means cn Table 5, p. 53.)

Iowa_Tests of Educational Development

The Iowa Tests of Educational Development {Lindquist 1960)
vere adninistered to all scniors during the first part of the fall
semester. Standard scores on the test, Background in the Natural
Sciences, ranged from 5 to 29 with a mean of 22.5. This was a range

in percentile rauk of 1 to 98 and an avprnximate average of 69 on



TABLE 4
SAMPLE CHARACTERISTICS 1969-70

ITED Standard Score

Student —_ u

- : Sci Sci | Math | Comp ;

Numtger School SEx Class| 1Q | Bkgrd | Rdg !

01 Columbus M| sr b125| 26 | N | 28 | 19 i

[ 02 Colunbus | M | Sr |WO| 22 | 28| 27 | 28

03 Columbus W sr | 8| 21 | 19| 22 | 17 |

04 Columbus NEREFEIEREIEREE

05 Columbus | se [es| 23 28|09 122 ?

06 Columbus F | s 128 23 | 31| 30 ; 34 |

o7 Columbus | M | sr | 17| 21 | 29| 30 1 27 |

— et f —
08 Columbus b Sr 110 § 25 24 14 3 Y
—Fiwimcwﬂmis‘"wn st | 93] o5 | o1} 13 4
10 Colunbus wolose |12 25 31 30 | 3
n Columbus W ose [13] 26 | 31| 28 B
Tz | columbus | # | s (37| 20 | 271 23 | 26

13 Colurbus Wo| osr | 98] 24 | 28| 22 25
14 Columbus- i i sr | 125] 25 33 | 30 34
‘,~jfi-‘n-“._E?IETbus | H _L Sr 114 20 i 17 18 19 )
16 Colunbus s v e s | 30 | 2
17, Columbus ! T s [ n2] 23 | 28| 2 24

18 Colubus | # | Sr |109] 72 [ 21| &1 [ 20 |

TN T Colwbes | W | se 13| d6 32| 32 [ w3 T

20 | Columbus | M | se | W2! 25 © 3| 27 | 29 ’

21 Colurbus F Sr 23 29 26 3] !

22 Colurbus A | se | 115 | 2] ‘ 25| 34 [ 3

23 | columbus | % | sr {125| 25 | 321 31 | 33 4,




TADLE 4, coptinued

ITED Standard Score !

Student Sy — .,,_w-i

- , - Sci | Sci | Math | Comp

hﬁymber School Sex ; Class) 1Q§ Bkgrd : Rdg | ; #j

24 Columbus ol ose P ne| 23 | 20| 2 1 o |

25 Columbus NI EEEIE , 3] ~.,

26 Colunbus w | se fos| 7 ] a7 25 | 17 |

27 | Columbus Wi sr | ne| 25 31] 25| 3 |

28 Cotumbus M| osroi 109 17 25| 3 25

29 Colutbus w| se |12 24 | 3 J; 29 | 32 |

30 Columbus AR IR |

31 Columbus M Sr 126 25 29 | 26 30 ;

32 Columbus wi ose | mol M| 27y 7 loa

33 Colunbus M| se |12 2@ | 29, 2 | 2,
[ 34 Columbus | M | sSr | 140] 29 i 3| 52 | 8
35 Columbus 1 Sr 108 14 24 | 26 23
36 Cotumbus 5 Sr 128 26 32 ;{ 26 34

37 Colunbus | F | sr | 19| 24 | 32| 24 | 30 .

38 cownbus | F | se [nar] 22 [Te8l 0 | 2

30 | Columbus M| sr | Mt| 28 | 33] 25 | 22 |

40 Columbus | sr | 120 28 | 3] 31 | 36 |

§ Colunbus Ml osr | 94| 28 | 26| 22 | 22 |
a2 Colurbus M| sr |127] 22 | 30| 30 | 3
43 Columbus F Sr 116 23 26 26 26

44 Columbus W | s | 1o} 23 | 28| 18 | 28 |

45 Colurbus | F | sr | 14| 24 | 30| 25 | 30 |

46 Columbus W[ se | 132] 27 | 32| 26 | 35
47 Columbus M Sr 102 15 21 18 20

| 48 | cotubus | w | sr i130f 23| s 34 | 3 ]
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Towa nonns.. The range in standard scores for the test, Reading in

the Hatural Sciences, was 1 to 34 with a mean of 25.8. The range of
~-percentile rank was 1 to 99 with an approximate average of §0 on Icwa
norms. The Quantitative Thinking test scores ranged from 9 to 34

with a mean of 24.6. Percentile ranks ranged from 10 to 99 with an
épproximate average of 80 on Iowa norms. Composite scores ranged

from 4 to 38 with a mean of 26.2. Percentile ranks ranged from 3

to 99 with an approximate average of 84 on lowa normns. { For a listing
of 11&N standard scores, sec Table 4, p. 51 and means on Table 5,

p. 53.)

Sex

The forty-eight students that enrolled in pnysics included
7 girls and 41 boys. This percentage of girls enrcliing crpaared
to be low compared to other data of physics enrollments (Siron zng

Grant 1668). Thus there did not appear to be any evidence that trf

(%]

physics program was increasing the percentage of students tekirz
physics by appealing more strongly to high school girls. (For a

designation of sex, sec Table 4, p. 51 and means on Table 5, p. &%,

~

Sunmary.

In suiamary, this investigator found that individuals in the
sample vere rather evenly divided between extraversion and introversion
and between thinking and feeling in deal{ng with the environment.
lowever, 75 percent chose iatuition to 25 percent for sensing and

/9 percent chose perception to 21 percent for judgment in dealing with

their environment.
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The enrollment ot girls in the physics program indicated the
progran was not popular with them. ‘

Iowa Tests of Educational Development percentile rankings
based on‘Iowa norms ranged from a low of 1 to 10 to a high of 92 ¢r 99
on the three tests dealing with science and quantitative thinking
as well as on the composite. Group average percentile ranks ranged
from 69 to 84 on the three tests and the composite. Although group
averages were good, almost the entire range 6f pefceﬁfile ranks was
present. Pre-test and post-test groups were found not significantly

different on characteristics related to success in the program.

Performance Characteristics

Several dependent variables were studied utilizing rmultizple |
regression to determine what independent variables predicted posivive
scores on them. The dependent variaﬁ]es, never treated as inde;=cent
variables, were positive scores on physics tests or selected ite~:

from several physics tests.

Scores on Unit I Test

Table 6, p. 56 precents an analysis of variables reilated to
the Score on Unit I Test. The order in which independent variables
emerged was Quantitative Thinking (ITED), weeks spent on Unit I, and
total materials Parts complcted. The amount of variance accounted for
by each was 33.19, 8.53, and 1.61 percent respectively. The direction
of the relationship was positive for Quantitative Thinking, negative

for the weeks zpent on Unit L[, and positive for the total materials
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Parts completed. Students with high quantitative thinking abilitics
scored better on this Unit Test. It may be that this ability allcwed
them to work more rapidly through Unit I and caused the inverse
relationship between time spent and the Score on Unit I Test, which

covered Parts that were basically quantitative.

TABLE 6
ULTIPLE REGRESSION WITH SCORE 0N UNIT 1 TEST AS DEPENDENT VARIAZLE

Independent F Value

Step Gk Increase co
AN Variable R RSQ to Enler Felztionsghi
ik S onship
Hurbey Entered-Renoved in RSQ or ReTove

Quantitative - - -~ ;u h

\ Thinking (150y  O-5761 03319 03319 19.£672

2 bﬁjtsl°" 0.6459 °© 0.4171  0.0353 5,7062 -

3 Parts Covpleted  0.6533  0.4333  0.0162  1.cis3 .

Scores on Unit Il Test

Table 7, p. 57 presents an analysis of variables relates ic
Score on Unit Il Test. The order in which independent variables
emerged was Quantitative Thinking (ITED), total materials Parts
completed, and intelligence quotient. The amount of variance
accounted for by each was 41.56, 18.85, and 0.90 percent respectively.
The direction of relationship was positive in all cases. Scores on
Unit II Test were more strongiy predicted by Quantitative Thinking

than on Unit [ where the variance accounted for was 33.19 percent.
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TABLE 7
PULTIPLE REGRESSION WITH SCORE ON UNIT 11 TEST AS DEPENDENT VARIASLE

- e

peergmay

Independent F Value
Step Variable R RSQ ’?°r§33° to Enter  Peleticrsnia
Number Entered-Removed n or Pemove
\ R eotlito)  0.647  0.4156 04156 28,4436 .
2 Parts Completed 0.7772 0.6041  0.1885 18.5705 .

3 1.4. 0.7830  0.6131 0.0090  0.8313 *

Scores on Unit III or IV Tests

Multiple regression was not computed for these Unit Tests
because the number of Columbus students completing these Units was
~assumed insufficient. One of the causes of this limited corpletion

was that learning hierarchies were not sequentially arranged.

Part Score

The Part Score was the number of items correctly ansvier:z:
that appeared on Part Tests first and later appeared on the Fina:
Test. There was one of thesc items on each Part Test.

Table 8, p. 58 presents the analysis of variables related
to the Part Score. The order in which independent variables emerged
was total materials Parts completed, Quantitative Thinking (IVED),
and the weeks spent on Unit I. The amount of variance accounted
for by each was 82.71, 5.75, and 1.68 percent respectively. Materials
Parts compleled and Quantitative Thinking vere positively related

to the Part Score. Weeks spent on Unit I was negatively related.



Students conpleting more Parts of the materials took more appropriatsa
items because they had completed more Part Tests and this was probably
a determining factor in their getting more items correct. Thus the
variance accounted for of 82.71 percent by Parts completed was not
surprising. This high variance accounted for by Parts completed
shielded the emergence of Quantitative thinking (F=19.4241).

TABLE 8
KULTIPLE REGRESSION WITH PART SCORE AS DEPENDENT VARIASLE

2w ey Sozoopurg s g Sipsss Ay

Independent F yalun
Nizﬁggr Variable R RsSQ I?;rzgae to Entar Relaticnship
‘ Entered-Removed : or Remove ey
1 Parts Completed  0.9095  0.8271  0.8271 191.2343 '+
2 Thiiea lifep) 09495  0.6816 0.0575  19.:24) '
3 Hatks on 09459  0.3026  0.0173 £.c155 .

Firal Test Score

Table 9, p. 59 presents an analysis of variables relatz< %
the Final Test Score. The order in which independent variables emzrged
was total materials Parés comp1eted, Quantitative Thinking (ITED),
and weeks spent on UniL I. The amount of variance accounted for by
each was 52.26, 18.85, and 1.47 percent respectively. The reltationship
was positive for Parts completed and Quantitative Thinking. The
weeks spent on Unit I was ncgatively related. Students completing
more Parts tcok more apvropriate items, and got more of them correct.
Quantitative Thinking was a significant predictor of the Final Score

(F=25.4482).
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TABLL 9
MULTIPLE RCGRESSION WITH FINAL TEST SCORE AS DEPENDENT VARIABLE

ooyl Ayt gl iy oo e

Independent . F value
Step variable R RSQ  incredse  to Enter Relatiinseip
huriber Entered-Remaved in RSQ  or Remove
1 Parts Completed 0.7229 0.5226 0.5226 43,7834 +
Suantitative ‘
2 Tkt Uieo) 06433 07111 01885 25,4482 R
Keek .
3 it 0.6519  0.7258 0.0147  2.0331 .

Equated Final Test Score

The Equated Final Test Score was determined by taking the
number of iftems answered correctly on the Final Test, dividing it by
the items to be answered hased on the number of materials Parts
completed, and multiplying the resultant quotient by thirty-six »hich

~ was the total number of test items. Students had been instructed to
answer as many items as they had completed Parts of the materiais &nd
only that number of items was corrected. The Equated Final Test Score
was an indicator of how well the student performed on test jters
covering Parts completed.

Table 10, p. 60 presents an analysis of variables relatec to
the tquated Final Test Score. The order in which independent varizbles
emerged was Quantitative Thinking (ITED), Parts completed, and weeks
on Unit I. The amount of variance accounted for by each was 44.02,
1.€0, and 3.26 percent respectively. Quantitative Thinking was posi-
tively related and Parts completed and weeks on Unit I were negatively

related. Quantitative Thinking accounted for more variance here than
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it did for Score on Units I or IT Tests. Quantitative Thinking
accounted for a variance of the Score on Unit I Test of 33.19 pevcant,
Score on Unit II Test of 41,56 percent, and the Equated Final Test

Score of 44,02 percent,

TABLE 10
MULTIPLE REGPESSION WITH EQUATED FINAL TEST SCORE AS DEPENDENT VARIALLE

-— g im om o — - - - e iy

Step [ndcpem}ient lncrease F Value
Yariable R RSQ (Creas to Enter Relatisrsiin
Nunser Entered-Reroved . in BSQ  op Rerove ;
1 R bisativepy  0.6635  0.4002 0.4402  31.4563 !
? Parts Completed  0.6755  0.4563  0.0160 1151 :
— ——
3 boos, o 0.6952  0.48%0  0.0326 2.42:3 -

Equated PSSC Score

The Equated PSSC Score was determined by taking the ru~har
of items answered correctly, dividing it by the items to be ensvev:d
based on the materials Parts completed, and multiplying the quotiznat
by eighty. Items were sequenced to follow the materials and the
investigator determined the cut-off point, based on materials Parts
each had completed, beyond which items were not counted even though
tliey might have been answered.

Table 11, p. 61 presents an analysis of variables related to
the Lquated PSSC Score. The order in which independent variables
enierged was Reading in the Matural Sciences (ITED), weeks speni on
Unit I, and Parts completed. The cmount of variance accounted for by

each was 21.37, 11.79, and 2.28 percent respectively. The direction
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of relationship was positive for Reading in the Natural Sciences,
negative for veeks spent on Unit I, and positive for Parts completed.
The PSSC Test did not require as much quantitative thinking as cid
the evaluation instruments developed by the investigator. Analysis
also indicate that the completion of more Parts of the physics self-

pacing program improved scores.
TABLE N
MULTIPLE REGRESSION WITH EQUATED PSSC SCORE AS DEPENDENT VARIABLE

— —
=

F Value

Independent

Step Varfable R RsQ  INCrESE 4o Eater  Relatfonship
Nunber Entered-Removed in B0 or Remave
Reading in
1 Natural Sciences 0.4622  0.2137 0.2137  10.8686 s
(17ED) ~
2 Hogks o 0.5758  0.3315 0.1179  6.876] .
3 Parts Completed 0.5953 0.3544 0.0228 1.3442 _ +

Sunmary

‘It was apparent that satisfactory performance in this cc.rse
required quantitative thinking abilities. Quantitative Thinking
accounted for 33 percent of the variance for Score on Unit I Test,
41.6 percent for Score on Unit II Test, and 44 percent for the Equated
Final Test Score. This constant increase indicated that quant{tative
thinking beceme a more dominant factor in accounting for success in
the program as students progressed further through the materials. It
also indicated the materiais did not develop needed skills. The
intelligent quotient vas npot as important in determining test scores.
A sunmary of significant variables related to success is on Table

12, p. 62.°
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TABLY 12

VARIAFLES RELATED T0 SUCCYSS

s
CEXERIIRC: T Ao oty

Dependent Variable

Isi#

N0

Independent Unit | tnitv |« Final | Fouated
Voriazbla I IX Parts Tent Final
Score} Score Score Score Score

eI -

© 150

RS e

Intelligence
Quotient

Bzckground in the
Naturgl Sciences

Reading in the | 1
Natural Sciences R=,46

Cuantitativo 1 1 142 142 i
Thinking R=.58 | R=.64 R=.94 R=.84 Re=. 6%

Composite
ITaD

veeks Spent on 1+2 42
Unit I 3065 _:_:.58

Keeks Spent on
Unit 1T

Parts of Course 1+2 1 ] 142
COmplOted R=-TB R'~‘.91 R=n72 R=-68

¥Partn Score = items correct on Part tesis that appeared on Firal Test

itens taken correcct

{Tons to be taken > 36

x*Dounted Final Score

"

#¥¥gquated F3SC Score = %tems taken correot'x 80
1tems to be taken

N = 42
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Learning Hierarchies

The materials were examined to determine if learning hierar-
chies existed. This was attempted because examination of the materials
resulted in the investigator concluding that the materials were
primarily concept oriented and required considerable skill in quan-
titative thinking.

The procedure used to determine if learning hierarchies
existed was to ascertain what concept or concepts were included in
each test item from Part Tests 2 through 233,(Bloom's Taxonomy
1956) how test items correlated, and success on specific test items.
This information was then used to develop patterns of relationships

. among items.

Concepts in test items and their selecfion

The items were constructed on the basis of an analysis of
concepté found in the materials. They were categorized as to corcept
or concepts included in each item utilizing the concept areas 1isted
on the scope and sequence chart in Appendix A, p. 10 . The iteis
were also constructed to utilize the models to the extent that they
had been developed in the materials in that Part or previous Parts.

Concepts in test items for Parts 2 through 23 were selected
for analysis. Item selection was terminated at this point because
an established level of completion of Parts hgd been set at seventy-
five percent and Part 23 was the last one to meet this criteria.

The majority of test items were judged to evaluate the

attainment of more than cne concept. An item might deal with velocity
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and translational motion; velocity and rotational motion; translaticnal
motion, veldcity, and force; force and acceleration; falling hodies
and acceleration; or other combinations. Thus a test item mignt be
considered for inclusion in one or more hierarchies. ( For the ccacept

designation of each test item, see Table 14, p. 66.)

The test item type determination was based on Bloom's

Taxonomy (1956). It was categorized as Type I if it involved knowledge
or concepts. These were considered the lowest cognitive levels.
If the learner was required to operate at the application or analysis

. levels, it was categorized as Type II. Test items wera ceztecorized
as Typa III if they called for behavior that required synthesis or
evaluation. Each tést item was typed at the highest level of bohavior
required in ansvering the item as judged by the investigater. /[For

the type designation of items, see Table 14, p. 66.)

Correlation of test items

A 280 by 280 correlation matrix was run on the computier.
Correlations significant at the .05 level were determined and selected.
Those items significantly correlated with a particular item were

listed on separate sheets of paper.

Analysis for item relationships
Test items of a given concept were selected for analysis.
They were placed in three categories based on type designation. Those

of Type III were checked for significant corretation with other items
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of that Type. A cluster of items was selected from this group based
on criteria that each one included correlated significantly with

half or more of the other items in the selected clustzr. They forred
Cluster III for a specific concept.

Type II items were then checked for significant correiaticn
with one or more items within Type II. An item was dropped from the
group if no significant correlations existed. Correlations were then
checked between Type I items and those from Cluster III. If a Type
IT item correlated significantly with half or more of the Cluster [II
items it was included in Cluster II for the concept.

Type I items weré then checked for significant correlation
with one or more items within the Type I items. An item was dropped
from the group if no correlations existed. Correlations ware then
checked between group I items and Cluster II items. The iten was
selected for Cluster I if it correlated significantly with haif or
more of the Cluster II items for that specific concept.

Cluster III items were also checked for direct linkace ic
group I items. When a group I ifem correlated directly with half or
more of the Cluster III items it was also included in a separate

Cluster I grouping,

Determining average cluster item difficulty

The next step in hierarchy analysis was to determinc the
average item difficulty of the cluster. Item difficulty used was
based on the number of students who had attempted the item and who

successfully completed it.

2
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Interpreting cluster relationships

\ The average item diffiéulty in a cluster was then compared
wi%h the similar characteristic of other clusters. An increase in
avgrgge”cluster item difficulty from Cluster I to II and II to III
was interpreted to suggest a learning hierarchy. A learning hierarchy

existed when lower type items predicted success on higher type items.

Established hierarchies and analysis

Hierarchies were found for granslational and rotational motion,
velocity and falling bodies, force, acceleration, and oscillation.
They are presented in Tables 15 through 19, pp. 74-78.

An analysis of the test item numbering in each cluster
indicated, that although hierarchies existed, the sequencing from
lower orders of behavior required to higher levels of behavior was
not orderly for a concept.

An examination of specific items in the clusters reveales
many dealing with quantitative thinking. Thus it was concluded ta:zt
there was substantial loading with quantitative thinking in the
materials. Most of the test items from early Parts related to
success on later test items involved mathematical abilities.

‘A comparison of correlations between Cluster III items of
the different concepts was made to determine if performance on test
items was dependent on student ability or concept development, If
the majority of Cluster III test items correlated significantly with
each other, perforimance was considered related to student ability.

Performance was considered dependent on concept development if a
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75 92 1AVAYS
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TABLE 15
FOTION:  TRANSLATIONAL AND ROVATIONAL HILRARCHY
Cluster 11 Cluster 111
Ratio of
ftem fercent Correlation iten  Percent
Nunber  Correct Found Nusber Correct
12 &5 2/4 r2 15
22 87 3/4 59 54
(—m 49 90 3/4 —| a2 12
- 50 75 4/4 a3 8
51 &3 4/4 Toy
57 81 4/4 —
m 91 3/4
112 87 2/4
114 79 2/4
141 68 2/4
142 17 2/4
151 89 274
239 8l 2/4 .
241 1 374
242 83 /4
243 7 3/
244 4 374
0
e e A e —— k. 2 At
( -

*[tem coswon with above cluster
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Cluster 1 ‘
Ratio of

Item Percent Correlation
Rurber _ Correct  Found
227 85 8715
254 63 8/15

78
[ 227 85 3/5 [(

)
o=

TASLE 16

R AVMLABLE

VELOCITY AND FALLING BODIES HIERARCHY

A

Cluster I
Ratio of
[ten Percent Cerrelatlion
hunber Correct Found
22 67 4/=
50 75 4/5
61 73 4/5
78 17 4/5
125 83 4/5
130 74 35
143 87 3/5
145 85 3/5
147 85 3/5
152 83 3/5
153 83 /5
154 79 4/5
155 <70 4/5
159 79 §/s
192 I6 /s
74%

Cluster 11¢

Iten  Percent
Nusher Cor._:g;_g~
73 67
126 N
127 51
157 64
62 2
[}

*tem cormon with above cluster
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Number Correct Found
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majority of the Cluster IIl items dfd not correlate significantly

with each other. Only one of sixteen items correlated significantly
at the .05 level with over 50 percent of the other items. The
conclusion was drawn that sdccess with the materials was highly
dependent on adequate presentation of materials related to each
concept. Those students who performed well in a concept area were
quite successful in that area, but performance in a specific cuncept
area did not necessarily mean that they performed well in others.
Hence, success for students varied considerably. (For a comparison

of Cluster III items of different concepts, see Table 20, p. 80.)

Summary

This section described the process of determining whether
tearning hierarchies existed in the materials. Learning hierarchies
eétab]ished for translational and rotational motion, velocity and
falling bodies, force, acceleration, and oscillation were presentad.
Learning hierarchies were not found to be developed sequentially in
the materials. The concept Hierarchies were found highiy loaded with
quantitative thinking abilities. Success with materials was found

highly dependent on adequate orderly concept development.

Analysis of Hypotheses

This section contains a restatement of hypotheses, a statement

of total or partfa] suppert or rejection based on .05 level of
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significance, the data used as a basis for these conclusions, and
any additional pertinent information from prior sections of this
chapter. The sequencing of hypotheses used here is similar to that
in Chapter I. See Table 21, p. 82 for significance levels of

correlations,

Hypotheses concerning short and long-term learning

1. There is no significant correlation hetween the Unit I or Il
Test Scores of the sample and the Equated Final Test Score.

Rejected: For Units 1 a;d IT Test Scores there was a positive
significant correlation at the .01 level. Unit I or II Test Scores
appeared to predict the degree to which the student would achieve in
Parts compleied. Multiple regression analysis suggests that
quantitative thinking skills are highly requivred on all.

2. fhere is no significant correlation between Unit T or IT Tast
| Sceres of the sample and the score on items of that Unit appezring
on the Final Test.

Rejected: Unils I and 11 Test Scores had positive signifizant
correlations at the .0) level. Those students who performed well cn
the tests upon comp1eﬁing a unit also did well on selected items from
that unit-appearinyg on the Final Test. Performance on tests seemed
gquite consistent. Those students who 1ea(n4d more from a unit
appeared to retain more from that unit.

3.  There is no significent correlation bﬁ ween the time in wecks
spent on the sample un Units I or Ii and the Equated Final Test

Score.
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Rejected: Unit I had a negative significant correlation at
the .05 level. Supported: Unit II had no significagt correlation.
Unit I dealt mainly with quantitative thinking concepts. This
significant negative correlation indicated that students who had
quantitative thinking abilities before enrolling completed Unit I
rapidly and learned physics concepts more completely. Conversly, it
could be interpreted to indicate that those studen’s who did not have
yuantitative thinking concepts did not develop them through the use
of Unit I materials and thus developed physics concepts less well.

4. There is no significant correlation betwec the time in weeks
spent by the sample on Units I or II and the score on items
of that Unit that appeared on the Final Test.

Rejected: Unit 1 had a negative significant correlation at
the .05 level. Supported: Unit II had no significant correlaticn.
This significant negative correlation for Unit I items also indiceted
that students who entered with quantitative thinking api]ities scered
higher on the Final Test while spending less time on Unit I.

5. There is no significant correlation between the total number
of materials Parts completed by the sample and the difference
between items correct on the Final Test and Part Tests that
appeared on both.

Rejected: A negative significant correlation at the .01 levei
existed. This negative corrclation was interpreted to indicate that
those students who completed fewer materials Parts retained more of
what was initially learned. Two possible reasons for this relation-

ship vere co templated. The pnssibility that the students who
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progressed more slowly had more time to reinforce what was Tearned was
considered and also that the slower progressing students might use a
different style of learning. It was considered that these two might
really be one causal factor--learning style.

6. There is no significant correlation between the total number of
materials Parts completed by the sample and the Equated Final
Test Score.

Supported: No significant correlation existed, This sUppbrted
the conclusion-that the retention. of what was covered was approximately
equal for slow and rapid progressing students. Those students who
worked more slowly retained proportionately as much from what was
completed as those who worked more rapidly. Those that progressed
“more rapidly learned more and retained what they learned. It was
considered quite probable that there might be a cifference in
styles that accounted for rate of progress.

7.  There is no significant correlation between the items correct on
the Part Tests by the sample and the same items appearing ¢r the
Final Test.

Rejected: There was a positive correlation significant at
the .001 level. This positive correlation was interpreted to
indicate that the degree Lo which concepts were learned in & pert

determined the amount retained at the end of the school year.




Hypotheses concerning studants

1, There is no significant correlation between intelligence
quotients of the sample and Unit I or II Test Scores.

Rejected: Positive correlations at the .05 and .001 levels
respectively were found. Although these positive correlations zxizted,
intetligence did not come out among the top three as accounting for
variance on Unit I or Il Test Scores when multiple regression anaivsis
was used.

2. There is no significent correlation between intelligence cuotients
of the samwple and the time in weeks spent on Units I or II.

Supported: No significant correlations were founc.

[

There is no significant correclation between intziligcence wuatients
of the sample and the total number of materials Parts corpietad.
Rajected: A positive correlation significent at the .01 tayel
were found. Intelligence was a factor in predicting rate ¢i rio-zss
through the materials.
4, There is no signiricant correlation between intelligence cucients
of the sample and the Equated Final Test Score.

Rejected: A positive correlation significant at the .01 ievel
existed. However, multiple regression indicated intelligence was not
os important a variable in determining the degree of mastery of concept
learning with these materials as Quantitative Thinking.

5. There is npo significent correlation betveen the four scores of the
Iowa Tests of Educaiional Development used and Unii T or 1T Test

Scures.
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Rejected: Positive correlations ranged in significance
levels from .05 to .001 with a median and mode of .01. The multiple
regression of these ITED Test scores as independent variables with
Unit T or 11 Test Scores és dependent variables yielded only Quantita-
tive Thinking Test scores among the first three and it accounted for
the most variance in each case with values of 33.19 and 41.56 percent
respectively.

6. There is no significant correlation between the four scores of
the Iowa Tests of Educational Development used and time spent
in weeks on Unit I or II.

Supported: MNo significant correlation existed in five of the
aight comparisons. Rejected: Necative significant correiations
| existéd at the .05 level for time spent eon Unit I and scores ¢n the
tests,‘Background in the Natural Sciences and Quantitative Thinking,
and the Composite scores.

7. There is no significant correTation between the fodr scores ¢F
the Towa Tests of Educational Development used and the total
number of materials Parts completed.

Supported: HNo significant correlation existed in three of
the four cases. Rejected: Quantitative Thinking correlated signifi-
cantly in o positive way at the .05 level.

8. There is no significant correlation between the four scores of
Lie Towa Test; of Ldiicational Development used and the Equated

Final Vest Score.
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Rejected: In all four comparisons positive correlatiecns frou
.05 to .001 existed, the fatter being the level of significance for
Quantitative Thinking.

9. There is no signiffcant correlation between the eight indivicual
types of the sample indicated by the lMyers-Briggs Tyve Indicztor
and the Unit I or II Test Scores.

Supported: In all compariscns but one, there existed no
sighificant correlation. Rejected: A positive significant correiation
existed at the .05 level beiween the Unit I Test Scores and intuition.
10. There is no significant correlation between the eight individual

| types of the sample indicated by the Myers-Bfiggs Type Indicator
and the time in weeks spent on Unit I or I[I.

Supported: HNo significant corraelations existed.

11. There is no significant correlation between the eight incivicual
types of the sample indicated by the Myers-Briggs Tvpe Irdiczzor
and the total‘number of materials Parts completed.

Supported: In all comparisons but one, no significant cor-zla-
tions existed. Rejected: There is a negative correlation signi~icant
at the .05 level between total Parts of the materials completed and
extraversion. Extraverts may have preferred to react more with
individuals than materials.

12, There is no significant correlation between the eight individual
types of the sample indicated by the Myers-Briggs Type Indicator

and the Equated Final Test Score.
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Supported: In seven of the eight comparisons, no significant
correlation existed. Rejected: A negative correlation significant at

the .05 level existed for perception.

Hypotheses concerning materials

1. There are no learning hierarchies in the materials found by
analysis of conceptual behavior of students on test items.

Pejected: Learning hierarchies were found to exist in the

materials.

2. There is no significént correlation between the Unit I or II Test
Scores of the sample and the time in weeks spent on each of those
Units.

Rejected: Unit I had a negative significant correlation at
the .01 level. Supported: Unit Il Test Scaores were not significantly
correlated. There‘appeared to be a tendency for students wheo worked
more rapidly through Unit I to get better Unit I Test Scores. Trnis
may well have been due to quantitative thinking abilities develc:ed
before using the physics materials.

3. There is no significant correlation between the time in weeks
spent by the sample on Unit I and that spent on Unit II.

Supported: Ho correlation significant at the .03 level
existed. The rate at which students completed these units does not
appear to be consistent.,

4. There is no significant correlation between the time in weeks
spent by the saaplc on Units T or II and the totel nunber of

materials Parts coxpleted.
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Rejected: In both comparisons negative significant correiations
at the .001 level existed. In general, it could be stated that st.dants
who completed units nore rapidly tended to do so with some consistsncy

so as to complete more total Parts of the materials.

Summary
| Students who began the materials with quantitative thinking
abilities progressed through Unit I of the materials more rapidly and
tearned more physics concepts in later units. Those students who
began the materials without quaniitative thinking skills apreared to
develop some of these skills which were needed in later units., The
anount of variance accounted for by G.oantitative Thinking, which came
out first during multiple regression analysis, was 33.19 percent on
Unit I Test Score, 41.56 percent on Unit 11 Test Score, and £2.02
percent cn tie Equated Final Test Score. This positive progsressicn
of variance accounted for by Quantitative Thinking indicated ¢~z
the materials became progressively more loaded for this abiljty.

Inteiligence did not appear to be as important a varizs’z in
determining performance as wes quantitative thinking ability. Tis
rate at which a student progressed through units did not correlate
significantly with intelligence. However, total Parts completed was
significantly correlated. Rate of progress through materials was not
consistent.

Of the four scores used from the Iowa Tests of Educational

Levelopment, the Quantitative Thinking Test score consistently
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correlated significantly with rate of progress through materials and
Unit I and II Test Scores and the Equated Final Test Score.

The individual types as determined by the use of the Myers-
Briggs Type Indicator did not generally correlate with rate of progress
through materials or test achievement. The exceptions were a positive
significant correlation between intuition and the Unit I Test Score,

a negative significant correlation between extraversion and total
Parts completed, and a negative significant correlation between
perception and the Equated Final Test Score. All were at the .05
level of signi%icance.

The performance in one unit as compared to other units, as
détermined by analysis of the Final Test, appeared cuite ccnsistent.
This was attributed to two Tactars. First, learning hierarchies
existed in the materials. Second, there wes considerable guantitative
Joading in the materials. Concept hierarchies were established for
translational and rotational rmotion, velocity and falling bodies,
force, acceleration, and oscillation.

The interaction of students and materials indicated that rate
of progress was not consistent from Unit I to Unit II but total rate
was related to rate of progress through separate units. There was a
tendency for those who werked more rapidly initid]]y to get better

test scores.



CHAPTER V
SUMMARY, CONCLUSION, AND RECOMMENDATIONS

Restaternent of Problem

The focus of this study was to assess the use of an
individualized laboratory oriented high scheol physics progrem.  This
program vas being used in a Black MHawk County School in the Stzt: of
Iowa during the 1962-70 school year. These materials were inciyid-
ualized in that the students self-paced tharmselves thvoueh lator:tovy
activities. In a sence the materials were programred since fnars
was a specific sequence of leboratory investigations thet wer:
explored.  Some additional cpticnal lakoratory inguiries were «-i ded
for those desiving to work at a "higher levei."

Investigated in this study were an analysis of concz=t =-4

processes of science found in the materials; characteristics o7 -

i

serple; performance characteristics; learning hierarchy; and anai;sis
of factors related to short and long-term learning, student charis-
teristics related to learning, materials characteristics related to

learning.

Major Findings

Concepls and processes

The first eight Parts, Parts 2-9, of the materials intrcduced
91
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the student to the program and to the models with which he worked. The
broad concept areas included were mechanics in Parts 10 through 39 and
vave motion in 28 through 35. Part 37 introduced electricity and
magnetism which was the first Part of a third broad area being
developed. Content was found traditionally organized. (For a more
detailed scope and sequence of concepts included in materials, see
Appendix A.)

The processes of science were found an integral part of the
materials. Simpler processes were developed early in the materials
and more integrative processes 1§ter. These were organized around
data table models, graph models, sentence models, diagram models,
descriptive models, and inquiry. Inquiry was utilized when no model
was suggested. Processes were listed under models because the wiiter
of the matorials had stressed the use of these “symbolic organizers.”

(For a more detailed listing of processes of science, see Appendix B.)

Characteristics of the sample

The intelligence quotients of the sample ranged from &7 to
140. The mean was 116 and the median 117. The senior class at the
school had a mean inteliicence quotient of 112. AWl of the sample
vere seniors,  Since 32 porcent were at or below the class mean, it
was concluded that intelligence was not a significant selection
factor in determining wlio envrolled in this physics program.

Type data vas obtained by the administration of the Myers-
Briggs Type Indicator during the first week of school in the fall.

The sample showed little difference in preference for behavior botwscn
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extraversion and introversion or thinking and feeling. Intuition wés
preferred over sensing, 75 percent to 25 percent, and perception was
preferred over judgment, 79 percent to 21 percent. Myers (1962) falt
that scholastic potential appeared to be associated with introversion
and intuition and hypothesized that introvert-intuition types have a
greater "natural iﬁterest in scholastic activity and ES {extrovert-
sensing) types have the least" (Myers 1962:44). Of introvert and
intuition types only intuition seemed to be a dominant individual type
and 35 percent had the introvert-intuition type. This combinettion
was exceeded by the extravert-intuition type which comprised 40 rercent
of the sample. Self-paced laboratory oriented physics was possibly
more appealing to the extravert-intuition type than weuld nonsally
have been expected in what the investigator considered a very scnnias-
tic activity. This was possibly due to the envirenment for ruch
student-student and student-teacher interaction. Introversicn vis not
found to be significantly related to Test Scores. This would t2nz %o
support the findings of Szabo and Feldhusen (1970) ﬁho found thz=
students with restraint (tendency toward introversion) achieved tstter
in a traditionally-organized course as compared to an audio-tutorial
group of college biology students when top thirds on the basis of
achievement were compared. Extrovert-sensing types comprised onty
12 percent of the sample. Individual types showed no consistency in
correlating significantly with program test scores or rate of progress.

The senple was couposed of 7 girls and 41 boys. The stightly
less than 15 percent girl population was less than the national

average of 26.4 percent for 1964-65 (Simon and Grant 1963:34). It did



not"appear that this physics program would increase the percentage of
students enrolling in physics by appealing more strongly to high
school girls.

The Towa Tests of Educational Devetopment {Lindquist 1960)
standard scores showed that the sample percentile ranks ranged, based

on Towa norms, from a low of 1 to 10 to a high of 98 or 99 in the

three tests Backgkoudd in the Natural Sciences (mean=67), and Reading

in the Natural Sciences (mean=75), and on Quantitative Thinking
(mean=78); and the Composite ({mean=80). Although the sample was not
much above average in intelligence from their senior class, it

appeared that as a group they were scholastically inclined.

- Predicting success with materials

Unit T Test and Unit II Test Scores and the Equated Final
Test Score viere best predicted by ITED Quantitative Thinking stancard
scbres with variances of 33.19, 41.56, and 44.02 percent respectively
computed by multiple regression. Success on the materials reicted
heavily to quantitative thinking abilities. The program was Judged
to contain substantial emphasis on mathematical models--sentence
models, graph models, and data table models.

The Equated PSSC Score was best predicted by the Reading in
the Natural Sciences Test (ITED) when the same independent variables
used with other test scores were used. |

When items frowm Part Tests that appeared on the Final Test

94

(Parts Score) and the Final Test Score were used as dependent variables,

the number of materials Parts completed 'ras the hast predictor with



variances accounted for by multiple regression of 82.71 and 52.26
percent respectively. The student who completed more Parts ancnzrad
more Part Test items that appeared on the Final Test and took rors:
items on the Final Test because he was instructed to answer as rzwy
items as he had completed Parts. Thus these relationships wore rot
surprising. (For multiple regression data, see Tables 6-11 on rn.

56-61.)

Learning hierarchies

Analysis of concepts in test items, test jtem tyse (Blecn
1956), test item correlations, analysis of item relaticnshins and
average cluster item difficulty were used to determire if learnirg
hierarchies existed. Lecarning hierarchies were found for tranitsz-
tional and rotational motion, velocity and falling bodies, force.
acceteration, and oscillation. (For determined hierarchies, s==
Tables 15-19, pp. 74-78.)

These hierarchies were hased on the theory of Gagne anc
Paradise (1961) that there are processes that must be mastered tefore
an individual can exhibit a terminal behavior. They tested thejr
theory and found the fcllowing: (Gagne and Paradise 1969:15)
". . .(b) a decreasing pattern of correlations can be shown between
relevant basic learning ability factors and rate of learning for
Tearning sets as one progiresses upwards in the hierarchy;." If Iowa
Tests of Educational Develooment scores are interpreted as "basic
learning ability factors," rate of progreés in completing Unit I was

positively correlated with the tests, Cackground in the Natural
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Sciences and Quantitative Thinking, and the Composite at the .05 level
of significance. A significant correlation did not exist between them
and rate on Unit II. Prior abilities appeared to become less

significant.

Short and long-term learning

The Final Test Score and the Equated Final Tést Score were
correlated significantly in a positive direction with the Unit 1 and
II Test Scores and the rate at which Unit I was completed. The
performance on these tests, and rate at which the student completed
Unit I, and tdta] rate, as determined by total Parts completed, appear
to be determined by guantitative thinking abilities. It was concluded
that the materials were highly loaded for Quantitative Thinking.
Hultiple regressions with Unit 1 and 11 Test Scores and the Equated
Final Test Score as dependent variables showed en increasing amount of
variance accounted for by Quantitative fh]nﬂ1ng-~ 33.19, 41.56, and
44.02 percent respectively.

The Parts Score, those items that appeared in Part Tests &nd
later on the Final Test, and the Final Test Score were positively
correlated at the .001 level of significance with Quantitative Thinking.
However, the difference befween these scores, Final Test Score minus
Parts Score, did not correlate significantly with Cuantitative Thinking.
Thus it was concluded that the anount that was learned was velated to
Quantitative Thinking but the amount of retention was not determined
by quantitative thinking abilities. The difference in these scores on

the same items was positively correlated with weeks spent on Units |
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and Il at the .05 1eve]. The' conclusion drawn from this relationship
was that those who progresséd more slowly through Units I and II

retained more of what they learned. This conclusion was supported by
a negative correlation at the .01 level of significance betlwecn the

difference in these scores and materials Parts completed and a

negative .001 with the Parts Score.

Student characteristics related to learning

More able students achieved greater success with the materials.
Intelligence quotients correlated significantly in a positive direction
with the Unit I Test Scores at the .05 level, with the Unit Il Test
Scores at the .001 level, with the Final Test Score at the .3C1 iavel,
and with the Lquated Firal Test Score at the .01 level. The rorg
able students not only tended to get higher test scores ut aiso tended
to complete more Parts of the materials. Intelligence quotisnzs
correlated positively at the .01 level of significance with thz ::tal
number of materials Parts completed during the school year.

The behavioral types as determined by use of the Myers-8riggs
Type Indicator (1962) provided little significant data. Consistency
in results were not found. Correlations significant at the .05 level
vere found to be positive between intuition and the Unit I Test Scores,
negative between extraversion and total Parts completed, and negative

between perception and the Equated final Test Scores. The only
tentative conclusion dravm was that extroverts possibly worked nore
slowly because they preferred interacting with other individuals more

than laboratary activities. This deserves further study.
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Materials characteristics related to learning

Learning hierarchies were found for translational and
rotational motion, velocity and falling bodies, force, acceleration,
and oscillation. The learning hierarchies were not found sequentially
ordered from subordinate to terminal behavior. Many of the items in
the hierarchies were of a quantitative nature. These data,strongly
indicate the need for program revision.

| Rate of progress through the materials was not consistent,
however, total Parts completed was significantly correlated to rate
of completion of Units I or II at the .001 level. Unit I and Il Test
Scores were positively correlated at the .01 level of significance
~with rate of Unit I completion. Unit I dealt majorly with the mathema-
tical models used in the program.

The enrollment of girls in physics was not substantial. This
program does not appear to hold promise of increasing physics enrci-

Iments by appealing more strongly to girls.

Recommendations for Changes in the Materials

Recommendations for changes in the materials are based on the
evidence collected for this study during the 1969-70 and 1970-71
school year at Columbus High School of Waterloo, Iowa and the investi-
gator's analysis of the printed materials. Recommendations for changes
are given below.
1. Learning hierarchies found in the materials by usc of an analysis
of test items exhibit little sequential progression from simpier

tasks to more complex tasks. The writer of the materials should
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examine the Tearning hierarchies carefully to aid in the
sequencing of activities to progress from subordinate or precursor
behaviors to the terminal behavior. Mini-tests might well e
constructed and used to aid the student and teacher in deter=ining
when the student has acquired a certain behavior and is reacv o
proceed tb the next task,

The evidence indicated that students who entered with guantitative
thinking abilities progressed more rapidly through the materials
and ansvered more test items correctly. Parts 2 throughlg contain
the mathematics considered by the writer of the materials as
necessary for success in later Parts. Evidence does not indicate
Parts 2 through 9 to be adequately serving the intended function. .
It is recomnended that a diagnostic quantitative thinking “retru-
ment be used to determine students who might skip Parts € =hrcush
9, students who have only minimal specific deficiencies, anc

those vtho need comprehensive instruction. Parts 2 throuch :

L

might still be used but a better alternative might be to construc
a branched prograem to be used by those that the diagnostic
instrument indicates would profit from learning the necessary
quantitative thinking abilities considered necessary for success
with the materials.

An examination of the written materials evidenced the fact that
the writer of the materials had not used internationally agreed
upon symbols, units, and nomenclature consistently. This should

be rectificd so as %o allow the student to read other physics
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materials without the necessity, in some cases, of having to
relearn symbols, un{ts, and nomenclature.

An examination of the written materials and typing of test items
resulted in the conclusion that there are too few activities
requiring the highest types of behavior--synthesis and evaluation.
The deveTopment of activities;which teach higher level cognitive
abilities shou]d‘receive utmost attention. "The writer of the
misterials should also construct instruments which assess the
higher levels of the Cognitive Domain as well as those for the
lover levels.

Use of the materials beyond experimental usage is not recomnended
at this time. The recommended changes should be made and the
effect of'these changes assessed before niore wide spread usage is

warranted and commercial publication of the materials is considzred.

Recommendations for Further Research

Some ardditional problems warranting investigation that

resulted from this study are listed below.

1.

Girls were not found to enroll in the program, or in physics »
courses in general, in substantial numbers. Enrollment of girls

in this program was approximately one-half of the national average.
It ﬁight be that girls have an aversion to self-paced instruction
and especially to this type of instruction that is laboratory
oriented. A study of (ta enrollment of girls in self-paced
laboratory instruction as compared to other types of instruction

including scveral curricular areas appears warranted.
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There was evidence in this study that those students who progressed
more slowly retained proportionately more of what had been learned.
The cause of this is unknown. Possible causes are the amount of
time spent on the activities and the style of learning utilized.
These two hypothesized causes might be found to be interrelated.
Further study should be made of the students who have used these
self-paced laboratory oriented physics materials and who have
gone on to take a college physics course to determine whether these
materials were as successful in preparing them for further work in
physics as other materials might have been. It is known that
chénges in these materials are needed. However, a follow-up study
would prov}de needed evidence regarding how well these materia]s‘
prepare the student for further study in physics.
The effectiveness of Parts 2 through 9 in developing cquantitative
thinking abilities necessary for success with later activities is
not considered adequate. A comparative study involving a brzrched
program and other -alterratives would be most useful in deterrining
the best method of teaching the necessary quantitative thinking
abilities.
Reference is made by Richard (1969) that the self-directed
tearners are more prone to favor individualized instruction than
are the non-self-directed learners. This may result in a selection
factor when alternative modes of instruction are available or in
not selecting to enroll in a program at all when alternatives are
not available. Information of this type is needed for curri;u]um

planning.
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Extraversion was found in this study significantly correlated in
a positive direction to slower progress through the materials.
This can not be generalized to other self-paced programs at this
time. Further information is needed concerning self-paced orizrams

in several curricular areas to determine if this is generally the

case. *
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TABLE OF CONYILNTS m
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LY

INTRODULTION TG THE CGUASE

A message to the student regarding the nature of the course and gedoeral
Instructions for participation 1n the activities,

AN INTRCOUCTION TO MODELS AND OPERATIONS
Models and operations as guides to thinking.

Hodels and cperations as valuable packages in which to organize and store
knowledge

Hodels and operatlons as a meens of conmunication
The road map as a model

Hodels and reality

Operations with the road nap medel

Communicating directions with a descriptive model
Comrmunicating directions with a diagram model
Communicating directions with a sentence model
The blue print of a house as a model

Sketch of the house - a diagran model

Scale model of house - a structual medel

tiodels and phases of reality

A data model of dlstance and time

Extrapolation and interpolation of graph modeis,

GRAPH MODELS
Advantages of graph models

The story of the race between the tortoise and the hare told as a descriptive
model &nd as a graph model

Speed represented as the slope of a greph linc
A studentwconstructed graph madel
The meaning of 3 negative slope of a gruph line

Using positive and negative time and space representations
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(Part 3 « continued)
The use of general greph models
Constructing and using specific graph models

A check of understanding of graph models

PART 4 SENTENCE AND DIAGRAM MODELS
The Importance of an adequate background 'n mathematlcs
A diagram end corresponding sentence model for the area of a trepezoid
Symbols used as a code of representatléns in sentence models
The cods of tnstructions in sentence models
Transforming sentence models
Peveloping and using sentence models
The applicatlon of gecmetry In processing diagram models
Laboratory: Translation motion

Practice exerclses with diagram and sentence mocels

PART 5 KINDS OF MOTION
Examples of translational and rotatjonal motion
Radlan measure of rotation

Laboratory: Rotational motion

PART 6 FRAMES OF REFERENCE
Laboratory: fProblems simplified by a change of frame of reference
Models of reality determined by the cholce of reference frames

Laboratory: Check of ability to espply frames of rcference to unique situations

PART 7 DIMENS I0NS AND DIMENSIONAL OPERATIONS
One-aimension systems
Two-dimensional systems

Three-dimensional systems
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PART 8

PART 9

Four«dimensional systens

Operations @lth numbers and dlmensicns
The selection of dimensions

The use of dimensional codes

Supplementary exerciscs with dimensional oparations,

VECTOR QUANTITIES

Scalor quantitics described as two-part quantities
Vector quantities described as three-part quantitics
Distance considered as a scalor quantity

Distance considcred as a vector‘quantlty

Vector congldcrations in a football play

Vector components in a feotball play

The cholce of vector compoﬁéntsz '

Some applicaticns of vector components

VARIATION

Variables and constonts

Introduction of the constant of variation

Laboratory: Expericnices related to a constant of varfation for direct veriation
dlrect and inverse variation

taboratory: Expericrcac valated to Inverse variation

The graph modul of dircce wariatiun (first power of variables)

The graph model of inverse variation first power of variables

Using reciprocals to obtain a straight line graph for inverse variation

Using logarithm functions to obtain a straight line graph for Inverse variation
Introduction to multiple variation

Dimensional operations with multiple variation
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(Part 9 - continucd)

PART 10

PART 11

Laboratory: Experiences tnvolviag relzipls variation

Supplementary exerciscs to chock the under .ianding of the use of varfation
In physical problenms,

2ERO ACCELERATION

A review of distence-tire graph modzls

Introduction to pasftive, nagative, and zero acceleration a5 changes in speed
Laboratory: Activitics with balanced forces and zero acccleration

ttsing the princlple of zcro acceleration to measure the force of frictica

Loboratory: Introduction to salanced torques or mo~ents of {orce that preduce
zero acceleration

Loboratory: Use of balance? tarques to introduce idea of center of grevity

MACHINES

Simutation of the ideal, frictionless machine
The vheel end axle a5 o torgue nachine

The ideal mechenical alvailage of a rmathine
Introduction of the force of friction

The actual mechanical advaintaga of a machine

Predicting the ideal ncechanical advantage of a {our-rope pulley

Laboratory: Measuring the ideal mechanical advantece of the four-rope puiley
by the zero acceleration wothod and the relative distance method.

Laboratory: Predicting and weesuring the idecal and actual nechenical adventage
of a single movable pulley

Predicting the ideal michanical advantage of the inclined plane

Laboratory: HMeasuring the ideal and actual mzchenical advantage of the inclined
plane

Predicting the ideal - chanical advanlage of a compound machine

Laboratory:; Heasuring the ideal and the actual mechanical advantage of a
compound maching
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PART 13

PART 14

PART 15
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MEASURING CONSTANT TRANSLATIONAL ACCELERATION

Developing soue elcrentary models of constant scceleratlon from a thought
experiment for o ball rolling down an Incline

feveloping an acceleratfon graph nodel of the ball rotling down zn inclline

fepresenting space covered as the area under the greph line of an acceleration
graph

Formulating a sentence model for space covered, by flnding the area of the
graph which represents space, for objects starting from rest

Developing a set of sentence models for constant acceleration of objects
starting from rest

Using a graph model of the motion of cbjects with an Initial velocity znd
constant acceleration to develop corresponding sentence models

Laboratory: A check of the models for an Initial velocity and constant
positive acceleration

Developlng models for an Initlal veloclty and constent negative acceleratlon

Laboratory: A check of the models for an initial velocity and constant negative
acceleration

Llaboratory: A check of the use of the knowledge of constant acceleration

MEASURING CONSTANT ROTATIONAL ACCELURATION
©

Developing models for constant rotatlonal acceleration by the use of a~z2logy
with the corresponding models for constant trenslational atceferztion

Laboratory: Devising checks of the models deveioged

THE ACCELERATION OF GRAVITY AT THE SURFACE OF THE EARTH

The problem posed by the rate at which objects fall

Procedures that can be used to overcome this problem of the rate of fall
Laboratory: The measurement of the acceleratlion of gravity by various procedures

A Hand Book check of the acceleration of gravity at different locations on
the suriace of the earth

TRAJECTORIES ' '

i
4

The trajectory of an object prejected horizontally
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(Part 15 - continued)

PART 16

PART 17

Vector analysis of motion of a projected rock

A sct of sentence models for the motion of an objcct projected horizentelly
Laboratory: Verlfication of models for an cbject projected horiaontaliy
Excrcises to check understanding of motien of an object prejected horizontally

Transition fron a parabollc to an eliptical flight path as the direction of
the gravity force vector changes

A thcorctical analysis of the trajectory of a punted football

FORCE MASS AND ACCELERATION
Force requirements for zero acceleration
Fluld friction and terninal velocity

Galileo's discovery of the relationship botween the mass of an chject and
its acceleration in free fall

The variation thot fits the discoveries of Galilco

.

Laborotory: A check of the varlatlion for a censtent accelerating rass

Laboratory: A cheek of the varlation for o constent accelerating vorce

Arriving at the absolute dimensions of force ~ eiiminzting the ¢z-ti2ant of
variation

Development of the dimznsion, the slug, for absolute dimensions of rag:
Exercises to check the understanding of absolute dimensions of ferce
Relating gravitational dimenslions of force with absolute dimensions ¢ farce

&

The conversion of gravitational dimensions to absofute dimznsions of ferce

The concept of g's of force

CENTRIPEFAL ACCELERATION
Velocity « a vector grantity

Accelaratian « a anasure of the chandge in the magnitude part of the valocity
vector

Acceleratioa - o measure of the chenge in the direction part of the velocity
vector

A diagram modal of centripetal acceleration
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(Part 17 = contlnued)

PART 18

PART 19

Developing a sentence model for centripetal acceleration using the arc
procedure

Developing a sentence merl for centripetal force

taboratory: Verification of the sentence model for centripetal force

Exerclses to check the understanding of centripetal acceleration and force

Applicatlon of centripetal force and gravitational force vectors to thre
banklng of highways and alrplane wings

CUANGING ACCELERATION AND S IMPLE HARMORIC MOTION

A review of graph models for accelerated motlion

The acceleration of a swinging pendulunt bob

Forces acting on the swinglng pendulum bob

A descriptive and sentence model of simple harmonlc motlon-

Producling exact s,h,m, by using the shadow of a rotating peg

Theoretical verificaticn that the acceleratica of the shadow of the revaiving
peg Is directly proportional to the displacerent from the equilitriun polnt

Laboratory: Shadow graphing of the vector acceleration of tha shadow ¢f the
revolving peg

Laboratory: Shadow graphing the veloclty vector of the shadow of the revolving
peg

Indicating the direction of motion and the pcsition of Lhe shadow of tnz
rcvolving peg by designating its phase

The perlod and frequence of simple harmonic motion

Laboratory: Phase relationshipgs between two s.hui's with the same pericd
demonstrated by shadow graphs

Laboratory: Phase relationship and beats shea tio s.hum,'s have different
periods demonstrated by shadow greovin

S.H.H, VELOCITY AC{SLERATION POSITION

A vector approach to the velocity of simple harmonic motion

Laboratory: A check of the velocity roduls developed for simple harmonic motion

Models for the acccleration of simple harmenic motion
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{Part 19 - continued)
Laboratory: A check of the acceleration models
Laboratory: Plotting a positicn granh of s,h.m. using the shadow graph rethod
Leboratory: Plotting the position graph of s h.m. using a swinging pendulunm
Laboratory: Plotting phase differcaces on a graph of position 4

Laboratory: Graphing the motion of the prong of a tuning fork by makirg o
trace on smoked glass

Loboratory: Graphing the motion of the prong of a tuning fork using an
oscilloscope
PART 20 THE FREQUENCY OF S,H.H,
Peveloping a model for the pariod of simple harmonic motion
Developing @ model for the period of a mass oscillating on a spring

Laboratory: A check of the model daveloped for the period of 3 ress cscillating
on a spring

Oeveloping the model for the period of a pandulun

Combining two s.h,m's at the right angles to produce Lissajous Figcures
Reading out frequency end phase differences using Lissajous Figurss
laporalory:i Comparing the frequency of two penduluns using Lissajcus 7Fisures

Laboratory: Comparing the frequencies of two tuning forks using Lissz 2us
Figures

PART 21 IMPULSE AND HOMENTUM
Models relating lirpulse and momentun
Laboratory: An experience with internal forces and momentun

Supplementary exercises to check the understanding of {mpulse and momentum

PART 22 ENERGY AND MACHIKES
Comprehension of the equivalence of mass and encrgy
Attempts to define mass
Attempts to define encrgy

Energy and mass an exporience conerpt

ERIC
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(part 22 - contlnued)

PART 23~

PART 24

laboratory: Some prellmlinary experlences with enérgy of posttlon and ercrgy
of motlon

Zero acceleration for a frictionless machine
Center of gravity and energy of position

Center of gravity, encrgy of position, and moments of force using
Ufrictionless” pulley system

Energy approach to zero accaleration for a machine with friction
Equating loss of mechonlical encrgy to a gafn In heat energy
Exerclses to chc;k tito.understanding of the princliples of eneray
gfficlency of machines as rclated to encrgy changes

Dimenslons of energy

ENERGY OF MOTION
The equlvalence of loss of energy of position and gain In energy of roticn

Transition from cnergy of position equivalence to the mass-speed equivalence
for energy of wotion

Laboratory: An experience In equating loss of energy of position with a g¢ain
in energy of motion

The equivalence of loss of energy of position and galn In energy of rotion for
the inclined plane

The equivalence of loss of energy of position and gain in energy of nctioa
for a pendulum bob

taboratory: Expericnces to check the equivalence of loss of energy of
~ position and galn in energy of motion for the pendutum bob

Using energy models as a coavenient solution to trajectory problems

ENERGY-TERHINAL VELOCITY AND 8OUYANCY

Terminal velocity explained by equating loss of energy of position znd gain
in hcat energy

Terminal velocity in oir &s related to size mass and shapc of object
Terminal velocity for flocuing water

The experimental approach to Archimedas' principle



O

ERIC

Aruitoxt provided by Eic:

119

tha

(Part 24 « contlinued)

PART 25

PART 26

The pressure epproach to Archimedes? principla
The energy arproach to Archimedus' principia
teboratory: Experlences with Archimedes? princlple

Exerclses to check the understanding of the energy approach to bouyancy

HEAT ENERGY

Kistorical developrant »f the flufd hypccheses of he;t

Transition to enercy nypotheses of heat

Discovery of the equivelence of mechanical energy and heat energy

The messurement of the amount of heat encrgy

The calorimeter method for measuring tha exchanue of keat cnergy
laboratory: Fxﬁerlences to determine the watcr equivalent of 2 calcrf&etcr

Laboratory: GOctermfnation of the relatfonship betweea the Joule of machanical
energy end tha catorie of heat cnergy

The specific heat of moterials

Leboratory: Mcasurement of the specific heat of a netal
Laboratory: Measurement of the temperature of a red-hot nail
Laboratory: Measurement of the heat of fusion of ice

Leboratory: Heasurement of the heat of vaporization of steam

POWER

power as tho rate of enetyys transfer

The d!meﬁs{ons of power = Lhe wett

The establishment of the horse power

Leboratory: Experlences in measuring the watt and horse power output of muscles
Laboratory: * Experiente In mcasuring the efflclency of a small electric motor
The converslen of erys of cnergy to Joules St cnergy

Exercises to check the understanding of the principlies of ﬁower
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PART 28

FART 29
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ENERGY=FORCED VIBRATIONS AHD RESONANCE
Free vibratlons and forced vibrations
Loss of cnergy by frcely vibrating bodles
Supplying cnargy to vibrat!ng bodies

taboratory: Experlences with forced vibrations, energy transfer, and
mechanical resonance ~ combining forced and free vibrations

Laboratory: Experiences with the electrical analog of mechanical resonance

Laboratory: Experiences with the natural frequency - force vibration and
resonance of vibrating strings

Laboratory: Expertences with the factors that determine the resonant frequency
of vibrating strings

Laboratory: Harmonic frequencles for vibrating strings

WAVES, ENERGY (N MOTIOH

Common experiences related to energy being transferred by waves

Energy transfer by 8ell Wave machine

Theoretical development of wave amplitude and wave energy traensfer

Laboratory: Verlf{cat}on of theoretical developments using a stretched soring
Measuring the velocity of energy transfer = velocity of the waves

Laboratory: [leasurcrent of the veloclty of waves on the Bell Wave machines
by direct measurcment and by using standing waves

Laboratory: Measurement of the velocity of sound waves In a closed tute

Laboratory: Direct reasurement of sound wave velocity In open space

Laboratory: The measurement of the speed of socund waves in metal

taboratory: Using standing Qaves to'measure the frequency of a sound source

;eborat9ry: Using standing waves to measure the frequency of a mlcero wave
projector

THE FACTORS THAT DETERMINE WAVE VELOCITY

A theoretical approach to the velocity of waves on the Bell Wave machine

Laboratery: Verification of the theo-ctical development of the vclocity of
waves on the Bo)) tave machine
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(Part 29 « continued)

PART 30

PART 31

laboratory: The relationship between wave velocity and the amount that a

spring Is stretched

121

Laboratory: Factors that detcrmine the velocity of waves on the macnet board

Kinds of waves: Transverse, longltudlnal, torsional, and ellptical
The nature of water waves
A Lissajous concept of water waves

locating an earth quake by measuring the reception of transverse and
tonglitudinal waves

An Image model of sound waves

The factors that deternine the velocity of sound waves

REFLECTION OF WAVE ENERGY

Reflection of waves on the Ball Wave machine

Reflection of w;vc encrgy on a spring

Reflgctlon of wave energy on the magnet board

The concept of wave Impedance

Developing models for wave impedance -

Reflection of waves at a boundary of zero Impedince
Reflcction of waves at an infinite Impedance boundary
Reflectlon at a boundary for which the Impedance Increases
Reflection of waves at a boundary for which the Impedance decreascs
Reflectlon of water waves at diffecrent luncedance boundaries
Reflection of eliptical water waves

Reflection of 1ight waves at the surfece of a plane mirror
The wave front - ray model of 1ight waves

Images produced by the reflection of light waves from a ulane mirror

REFRACTION OF LIGHT WAVES

A wave front model of refraction with a change in velocity
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(Part 31 = continued)

Developing & model to relate the Index of refractfon and veloclty in the two
wedia

Laboratory: Check of the theoretlical developments for the Index of refraction
Index of refraction and apparent elevation

¥. ‘o front and ray models for apparent elevation

Sentence models for spparent elcvation

Laboratory: Using a mlcroscope to measure apparent elevation

Index 6f refraction and the critlcal angle

Laboratory: Using the optical disk to measure the critical angle and Index
of refraction

Use of critical angle in reflecting devices for optical Instruments
Refraction of light by 60° prism., The spectrum of light

The relationship between wave length and velocity for light waves In glass

PART 32 LENSE AND MIRROR IMAGES
A ray model of an Ideal convex lense being used as a burning glass

sboratory: Ulscovering spherical aberration using a convex lense and an
optical disk

Laboratory: Discovering the effect of spherical abarration on an imace of the
sun

Chromatic Pberratlon and achromatlc lenses

A wave front model of an fdeal convex lense

A ray model of a diverging lense

A wave front model of a diverglng tense

Using a converging lense to project an image on a screen

Diagram model of lmage formation on 2 screen

A mathematical processing of the dlagram model of image projection

Laboratory: An application of the lensc model developed by processing the
diagram model

A lensc used as a magnifylng glass

ERIC

Aruitoxt provided by Eic:
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“(Part 32 - contlnued)

PARY 33

PART 34

Laboratory: A convex alr lense fn glass

Exercises to check understanding of defractlion by a lense

Images producted by concaved ané cénvex mlrror surfaces

Laboratory: Comparlng image model of conver§|ng mlrror with model of 3
converging lense

TRANSMISSION OF WAVE EHERGY

The importance of regulating the amount of energy transmitted

Loss of wave energy In belng converted to other forms of energy

Factors that detcrmine the amount of absorption of wave energy by thz redium

Leboratory: Measuring the absorption of gamma rays

Leboratory: Measuring the reflection of gemna ray energy

Leboratory: Heasuring the absorption of 1infra red wave energy

Laboratory: Measurlng the sbsorption of micro wave energy

impedance matching and transmisslon of wave enrgy

Spreading of wave energy

Beaming wave energy

Calculating theloss of wave energy through spreading

Laboratory: Checkling the theoretical models for loss of wave energy ty

spreading

Candle power and foot candles as measures of light energy transmitted end
recelved

Laboratory: Comparing Illumination with a photometer ¢

WAVE INTERFERENCE

Recall of production of standing waves

Leboratory: Comblning waves on the Bell Wave machine
Laboratory: Combining in phase and out of phase sound waves

Producing coherent waves
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(Part 34 ~ continued)
Laboratory: Interference and relnforcement of mlcro waves

Laboratory: Determining the phase change when mlcro waves are reflected fron
a Lioyd's mirror

Laboratory: [Interference and reinforcement of micro waves from two slits
Huygen's wavelet model

Wavelet mode) applied to a diffraction grating

Laboratory: UsIng a diffractlon grating to produce a spectrum on a screcn
Laboratory: Checking the sentence model for the diffraction grating
Laboratory: Using a spectroscope to measure the wave length of light
Producing colors by Interference

Laboratory: Interference of incident and reflected micro waves

Laboratory: interference of reflected llght waves

PART 35  POLAR{ZATION OF TRANSVERSE WAVES
taboratory: Polarlzation of mlcro waves Co
Laboratory: The effect of polarold lenses of light waves
Atomic model of unpolsrized llight waves

Amount of )Vight transmission in relatlonship to the axls of the polarizer and
analyzer

Laboratory: Double refraction of calcite crystal
. Laboratory; Polarization by'refleﬁtlon
Theoretical explanation of Brewster's angle
Laboratory: Predicting and measuring Brewster's angle for glass
Erewster!s law and the nature of light waves
Polarization by scattering of light
Laboratory: The sunset experlmeat

Laboratory: The mechanlcal analog of polarization

PART 36  DOPPLER'S PRINCIPLE

Fecall of observation of Ouppler's Priaciple for sound waves

ERIC

Aruitoxt provided by Eic:
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{part 36 - continued)
Using string belts to simulate Doppler's Principle

Laboratory: Source of waves and recclver of waves statlonary with respect
to the wave medium

Laboratory: Observer statlonary - the source In motlon with respect to the
wave medium travel, The source s moving toward the observer

Laboratory: The observer statfonary = the source fn motion with respect to
the wave medium, The source moving away from the observer

Laboratory: Source stationary = the observer in motion with respect to the
wave mcdlum
a, Observer moving toward the source
b, Observer moving avay from the source

Laborutory: Observer and source beoth In motfon with respect to the wave
medium
a, Observer and source moving toward cach other
b, Observer and source moving away from cach other

Laboratory: Doppler effect when waves 2re reflected from a surfece that Is
in motion with respect to the wave medjum

Applications of Doppler's Principle

PART 37
Review of ideas related to energy
forces of repulsfon and attraction in electrostztic force fields
Leboratory: Checking Coulomb’s law for clectrostatic forces
Exercises to check understanding of Covlomb's law
The statcoulomb and the Coul3mb of electrical charge
Relating electrical energy and electrical power

Laborotory: Using a kilowatt hour meter to messure Wattage

ERIC

Aruitoxt provided by Eic:



APPENDIX B

PROCESSES: DESCRIPTION AND LISTIN

[ep]

Descriptions of the Processes of Science ...............

Listing of Processes

Observing ....... e e e
Recording Data vovvviiiiiiiniiiniiiinnieenennnen.
lasuring ..oovveiiunnns ceeas [T
Using Space/Time Relationships ....ioivivinvnnn..
Using hNumbers ...... EEERRRTRTR ettt
Cowmuni;aiing ........ SRR
Investigating «vovvvniiivnnnn.t, et ee e
Inferring ooiiiiiiiiiiii i ittt ittt i e
Classifying ..oovevvinnnenn P
Interpreting Data ...ovii ittt iiinnnnnen..
Predicting tiviiiiiiie ittt it
Controlling Variables .....iiiviiiiieeiinnninnens
Defining Uperationally . viiiiiiviiniiiiineneinnn
Formulating Hypotheses .....vieiviiniiiiiinenennn
Formulating Models ...iiieiiiiininiiinneinnnnnnes

EXPerimenting o viiiiieiin ittt ieie it eerreans

126
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DESCRIPTIONS OF THE PROCESSES OF SCIENCE

Observing: Distinguishing attributes of object or what happens
in an event. A systematic perception of the environment.

Recording Data: Systematically collecting the perceptions of
observations in an accurate, complete, and concise way by
pictoral, numerical and writtea means.

Measuring: Assigning reasonable estimates to the dimensions of
things in the physical world, progressing from relative terms
toward the precise use of standard units.

Using Space/Time Relationships: Comparing the position, size,
shape, motion, and direction of objects in space.

Using Numbers: Discovering and communicating the quantitative
properties and relationships of objects.

Comminicating: Passing and receiving information in ¢n eccurate,
complete, and concise way whether by oral, pictoral, ¢raphic, or
written means.

Investigating: Systematically using the primary processes i
arrive at an idea, concept, or generalization.

Inferring: Systematically integrating information from an
ohservation with past experiences to arrive at a tentative i:za,
Inferring is at a higher level than guessing, but lower ther
predicting.

Classifying: Grouping a collection of objects or ideas intc sets
with common charactoristics, thus enabling the learner to make
meaningful and useful relationships in the process of developing
a concept.

Interpreting Data: Developing and stating only those ideas or
generalizations that can be supported by the observed and recorded
information.

Predicting: Forecasting a specific outcome with reasonable
certainty based upon an observed set of events or data.

Controlling Variables: Isolating and deliberately manipulating
one or more factors in order to discover cause-effect relation-
ships.
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15.

16.
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Defining Operaticnally: Making a statement which sets tentative
Timits of a description of a work, event, idea or process.

Formulating Hypotheses: Stating a line of reasoning tentatively
adopted to explain observed facts or conditions, designed as @
guide to further investigation which may lead to greater
understanding of a concept, idea, or generalization.

Formulating Models: Representing an idea by physical, mathe—z-
tical, pictoral, or written means in order to explain observations.

Experimenting: Integrating all of the other processes of science

{skills of inquiry) by deliberately and sysematically formulating
problems, thinking out procedures, controlling variables, making
observations, and arriving at ideas, concepts, generalizations,
or conceptual schemes.
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OBSERVING

Data Table Model

Identifying data table model

Identifying number pairs

Identifying intervals

Identifying dimensions

Identifying relationship between numbers of number pair

Identifying relationship between number pair and plotted
point on a graph model

Identifying vector magnitude

Identifying vector direction

Identifying inverse variation

Identifying constant of variation
[dentifying constant of variation dimensions

Identifying constant of variation number value



$-14-

Identifying
Identifying
Identifying
Identifying

Identifying
pairs

Identifying
Identifying
Identifying
Identifying
Identifying
Icentifying
Identifying

Identifying
speed

Identifying
Tdentifying

Identifying

OBSERVING

Graph Model

coordinate axis graph model

nunmber pairs

point plot of number pair
dimensions of axes :

line connecting plotted points of number

points in time

points in space

space intervals

time intervals

relationship ¢ sliope of line to spezc
terminal space (distance)

origin of time and space

relationship of .constant slope to ccrstant

relationship of zero slope to zero speed

of Ay/Ax to A/ At

relationship

relationship cf negative slope to negative

direction (velocity)

Identifying

relationship of positive slope to positive

direction (velocity)

130

Identifying analogous relationship of positive and negative

quadrants of

x and y to poasitive and negative time and

distance plots

Tdentifying
acccleration

relationship of changing slope of line to



3-23-16
3-26-17

7- 4-1
7- 5- 2
7- 6- 3
8-13- 6
8-13- 6
8-13- 6
10- 1- 1
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Identifying speed of object

Identifying tangent line drawn at point on line with
changing slope

Identifying one dimensional graph model
Idéntifying polar coordinates graph model
Identifying three dimensional graph model
Identifying vector direction

Identifying vector magnitude

Identifying vector resultant

Identifying relationship of changirg slope of line to
deceleration
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- OBSERVING

Sentence Model

4- 2- 1 Identifying sentence model

4- 2- 1 Identifying representative symbols

4- 2- 1 Identifying instructions code

4- 3- 2 Identifying unknown

4- 6- 4 Identifying transformed sentence models
4-16-11 Identifying trigonometric functions
4-17-12 Identifying pythagorean theorem

7-11- 5 Identifying dimensions

7-11- 5 1Identifying analogous relationship of processing dirensions
and algebraic symbols

9- - Identifying constant of variation
9- - Identifying direct variation

g9~ - Identifying inverse variation




4-12-

(o]

5a

N N™N

[=2]

=

Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying

Identifying
size

Identifying
Identifying

OBSERVING

Diagram Model

diagram model

two and three dimensional geometric shapes
tangent to a circle

laboratory set up

frame of reference

dimensions

scalar quantities

vector quantities

vector quantity bar symbol (M

vector diagram

vector direction as represented by arrow

vector magnitude as represented by arrow iencth

inverse variation of rotational speed to p. ley

inclined plane

force vectors

133
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OBSERVING

Descriptive Model

3- - Identifying descriptive mqdel
3- 9- 3 Identifying written descriptive model
3- 9- 3 Identifying symbolic symbols




("p]O"

-—
I
-+ > - B N ~ (28] (98] W

10-
10~

O
I
(o))

10-17-13
11- 1-1
M- 1-1
11-9- 3

16-11- 3
16-11- 3
18-17- 7

Identifying
Identifying
Identifying

~Identifying

Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
[dentifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying
Identifying

Identifying
resistance

Identifying
Identifying
Ihentifying

OBSERVING
Inquiry

time interval

distance an object moves per time interval
distance per time rate of motion
translational motion

rotational motion

relationship of radius to radian

radians per circle

degrees per radian using degree scale protractor
cyclic phenomena

frame of reference-

static balance

dynamic balance (zero acceleration)

equal masses

force of friction

weight of object by weighing it

moinents of force

effort force

resistance force

number of ropes in pulley system supporting

<

accelerating force
volume of liquid in milliliters

frequency of simple harmonic motion
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18- - Identifying changes in velocity of object in simple harmonic
motion

22-24-13 ldentifying an object with potential energy
23- 2- 1 Identifying an object with kinetic energy

24- 1- 1 Identifying weight of water displaced by an object by
weighing it

24- 7- 2a Identifying buoyant force

25-11- 1 1identifying temperature of water

27~11- 2 Identifying micro ammeter reading

27-22-10 Identifying node and anti-node of vibrating wire

28- 7- 1 Ildentifying phase of arm of Bell Wave Machine in degrees
and radians

28-13- 5 Identifying standing waves on Bell Wave Machine

28-17- 6 Identifying resonant levels in a glass cylinder with
adjustable water levels

28-19- 7 ldentifying one wavelength produced by an audiv-generator
30- 7- 1 ldentifying reflection of'wéves

30- 9- 6 Identifying phase change of transmitted waves

30-13-14 Identifying a liquid with the same impedance as glass
30-22-19 Identifying angle of refiection

30-23-21 Identify image reflected at 90° angle to be reversed and
upside down

31-16- 9 Identifying critical angle of glass
32- 3- 2 ldentifying spherical aberration of a lens .
32-16- 9 Identifying double concave air lens as diverging lens

32-17-12 ldentifying image of hot air from a flame on a screen when
Tight is shone through it

32-18-13 Identifying image enlargement of converging mirror




32-18-13
33- 2- 1

33- 4- 3
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Identifying image shrinking of diverging mirror

Identifying effects of lead and polyethylene shields on
gamma ray count using scalar with geiger tube with beta

shield

Identifying effect of material thickness on garma ray
absorption



2-11- 2
3-17-1
9- 4- 1
9- 6- 4
19-11- 6
27-11- 2
33-11- 7
37-10- 1

RECORDING DATA
Data Table Model

Describing data number pairs from a coordinate axis grash
model

Describing measured distance traveled during a given time
period

Describing measured time needed to travel a given distance
Describing measured radius of pulleys

Describing displacement and phase angle of an object in
simple harnonic motion ‘

Describing micro amneter readings for different radio
frequency generator frequency settings

Constructing a data table model of water depth and chm
meler reading for infrared waves

Describing measured length of pendulum armm, separaticn ¢f
pendulum masses, and distance pendulum mass hes moved from
perpendicular for a static electricity investigaticn

138



139
RECORDING DATA

Graph Modetl

14- 8- 1 Collecting free fall time and distance data with spark
tape apparatus

16- 7- 4 Describing x and y components of an object with an initial
: horizontal velocity by shadow graphing it

19-16- 7 Describing the nmotion of a pendulum by attaching a pen to
it that marks on a paper belt moving at a constant rate
perpendicular to its path of swing

19-16~ 7 Describing the motion of a tuning fork by having it make a
trace on smoked glass

28-12- 4 Collecting potential energy and kinetic energy time and
distance data of a spring in simple harmonic motion with
spark tape apparatus

33- 4- 3 Constructing a graph of thickness of the medium ard ca-ma
ray count rate on a coordinate axis gragh

33-11- 7 Constructing a graph of water depth and ohm meter yrsadin:
far infrared waves
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RECORDING DATA

Sentence Model




27-22-10
34-11-13

34-19-17
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RECORDING DATA

Diagram Model

Drawing a vibration diagram of the harmonics produced
Completing a diagram of linear waves passing through
openings in paraffin blocks by drawing curved lines to
represent waves

Labeling observed colors of spectra on a diagram model
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RECORDING DATA

Descriptive Model

5- 3- 3 Describing number of radians in one revolution
5- 3- 3 Describing measured degrees in a radian

9- 7- 7 Describing the graph line of an inverse variation as a
hyperbola

22-12-- 5 Describing observations made of a weighted disc f011ing
on an inclined plane

30-12- 9 Describing data that indicates that the impedance of a
brass strip is infinite to water waves

34- 1-

—

Describing in general the amplitude of combined pulses
2 vrelative to the amplitude of individual pulses from each
end when they meet in phase and out of phase

- 35~ 9- 7 Describing observation of a dot on a piece of paver thirough
a calcite crystal




RECORDING DATA

“Inquiry

31-16- 9 Describing measured critical angle of a glass air boundary
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MEASURING

Data Table Model
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MEASURING

Graph Model

3- 4- 1 Distinguishing relative speed from slope of Tines on craph
wodel

3- 4- 1 Describing changes in time on a graph model

3- 4- 1 Describing points representing space/time events on gragh
mode]

3- 4- 1 Describing intervals of time on graph modél

3- 4- 1 Describing intervals of distance on graph model
2 Constructing line representing average speed on graph nedel
4 Describing a line with zero slope

3-14- 8 Describing a negative tine plot
9

Describing changing speed from changing slope of lire an
space/time graph model

3-17-12 Constructing graph model of measured changes in space 2nd
. time

3-17-12 Applying rules for estimating distances per given tire ‘rom
space/time graph model

7- 4= 1 Describing space using one dimensional model

7- 5- 2 Describing space and time using polar coordinates

7- 6- 3 Describing space and time using two dimensional model
Describing space and time using three dimensional model
Constructing graph of direct variation

5
6
- 7- 7 Constructing graph of inverse variation
9 Constructing logarithm graph of inverse variation
4

Distinguishing arvea under line of speed/time graph to
represent distance traveled

22-21- 8 Describing how the area of a graph representing the amount
of heat energy was drawn
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22-21- 9 Distinguishing portion of one plot to be equal in area to
another plot

22-22-10 Describing machine efficiency from graphed data

27- 8- 1 Constructing a resonance curve for mechanical resonance




15- 4- 3
15- 4- 3

15- 7- :4
15-14- 5
15-15- 6
15-16- 9

15-20-10

21- 8- 5

21-10-10

31-10- 6
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MEASURING

Sentence Model

%atz, to determine time of freefall

1]

Applying formula, S

I

Applying formula, v = at, to determine final velocity, for
given time interval

Applying formula, -y = Kx2, to find values of y when those
for K and x2 are given

Determ1n1ng projectile range when shot from different heights
at similar velocities

Datermining initial velocity of projectile shot horizontally
by knowing distance and height

Determining distance of one degree on earth's surface if
circumference is 25,000 miles

Applying formula, g = Vo2 sin2 8 , to determine angle for
29
maximum height of projectile

Describing the relationship between two masses and thair
velocities when the same force acts on thenm

Determining velocity of bullet fired into block of wcod by
know1ng block weight, bullet welght and veltocity of blcck
and bullet when bullet stops in block

Applying formula to determine apparent elevation of an cbject
at a given depth at a given index of refraction



3-11- 6

4-12- 8
4-14- 9

8-12~

w o ™

9- 6~
9- 6- 3
10-13-10
10-13-10

11-9-3

12- 3-1

18-15- 6
18-17- 7
2¢-18- 7

22-24-13
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MEASURING

Diagram Model

Describing positive and negative velocity determined by
direction

Constructing geometric proof that angles are equal

Applying formulae for determining area of two and three
dimensional objects

Applying pythagorean theorem to find length of sides of right
triangles

Distinguishing a frame of reference

Constructing representations of distances with vectors
Constructing and solving vector problems using scale drawing
Describing vector magnitude using trigonomefric furcticns
Describing vector direction using trigcnometric functicns
Describing direct variation

Describing inverse variation

Distinguishing vector representations of forces

Distinguishing angle (Sin @) at which force acts in morzn
of force

Applying rule for estimating ideal mechanical advantage
(TMA) of a pulley systen

Determining number pattern of distance per second of constant
translational acceleration to determine new members

Distinquishing phase angle of simple harmonic motion
Describing phase and amplitude of simple harmonic motion

Describing hcat energy produced by a four string pulley
system

Describing potential energy loss as it moves from maximum
displacement to equilibrium point
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23- 2- 1 pescribing energy of falling object in gram centimeters and
in ergs

30-16-16 Describing relationship of virtual point source to mirror
with real point source in scale drawing




9-14-12
12- 3~ 1

16-23-15
17-17- 6

26-13- 6

26-13- 6

26-13- 6

26-13- 6

26-13- 6

29-17- 8
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MEASURING

Pescriptive HModel

Constructing a coordinate axis graph from a descriptive
model

Demonstrating variation approach to indirect measurement
Ordering a series of distance numbers for second time

. cm
intervals fora = 3 ——

sec?
Describing force in g's of force

Distinguishing the angle that a road should make with
horizontal for a given speed and curvature

Describing mininmum horsepower needed to raise a given weight
a given distance in a given time

Describing cost of operating a % horsepower motor for a
given time at a given rate per kilowatt hour

Describing velocity an ideal electric motor can raise &
given weight if it "iraws" a given number of amperes &t a
given voltage

Describing conversion system for horsepower to watts

Describing force on generator handle of a given lengtn that
is turned at a given rate to produce a given wattage

Determining distance of earthquake from reporting station



3-17-11
3-17-1
3-19-13
3-22-14
3-22-15
4- 7- 5
5m 241
5. 2- 1
G- 3- 2
5- 3- 3
5- 3- 3
5- 7- 6
6-10- 6
6-10- 6

10- 3- 4

10~ 3- 4

10~ 8- 5
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MEASURING

Inquiry

Describing length in centimeters
Ordering specific time unit

Ordering simultaneous arrival; same start position--
different times

Ordering simultaneous ‘arrival; different start positions--
same times : '

Ordering simultaneous arrival; different positions--
different times

Constructing sentence model of measured changes in space and
time

Demonstrating procedure for measuring radius of wheel
Describing rotational motion of wheel in revolution (w)

Describing rotational motion of wheel in revolutions per
minute

Constructing and measuring degrees per radian and radians
per circle -

Demonstrating mecsuring angles using degree scale prcoiractor
Describing rotational speed of wheel in radians per minute

Identifying and measuring relevant dimensions to solve a
problem

Describing translational and rotational motion in terms of
frame of reference

Demonstrating the weighing of unknown using a known, string,
and frictionless pulley in static and dynamic balance (zero
acceleration) '

Demonstrating the weighing of an object using single beam
balance

Demonstrating the measurement ot the torce of friction in a
nulley

[ PRV



10- 9- 6

10-16-11
10-16-11

10-16-12

11-13- 4

11-13- 4

14- 8- 1

17-14- 4
18-13- 4

18-14- 5

19-20- 8

29-11- 8

21- 5- 4

22- 8- 3

23- 8- 3

24- 5-1
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Demonstrating the weighing of an object using pulley with
measurable friction

Demonstrating vector representations of forces

Demonstrate when sin 8 = zero that the moment of force is
zero

Demonstrate zero acceleration when the sum of clockwise
moments of force are equal to sum of counterclcckwise morents

Demonstrating procedure for determining ideal mechanical
advantage (IMA)

Demonstrating procedure for determining actual mechanical
advantage when raising resistance (AMA) and when lowering
it (amag

Demonstrating procedures for measuring the acceleration of
gravity

Demonstrating procedure for measuring centripetal force

Distinguishing when magnitude of acceleration vector of simple
harmonic motion is zero and maxirmum and cnanging cirecticon

Distinguisiting when velocity vector of simple harricric sction
is zero, maximum, and changing direction

Demonstrating procedure for using an oscilloscope to crach
the motion of a tuning fork

Cemonstrating the Blackburn double pendulum method of
producing Lissajous figures to determine the period of tae
beat

Distinguishing translational velocity of an object by
measuring time and distance

Determining procedure for measuring amount of energy changed
to heat energy in a pulley system and then carrying out
measurement

Describing comparison of calculated and measured values for
v and h using equivalence of KE and PE in a falling plumet
situation with spark tape record

Describiag how measurements of v and h of a pendulum fit the
model, v¢ = 2gh

Describing buoyant force acting on a submerged object



24-12-

24-12-~

24-12-

25-11-

25-13-
25-18-
25-21-
26~ 4-

26~ 4-

27-11-

27-14-

27-14~

NS

4

27-22-10

28-13-

28-17-

23-19-

28-11-

28-24-

9

28-26-10
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Describing change in energy of position to energy of motion
as a wooden block floats to surface

Describing force needed to keep a block of wood submerged in
water

Describing predicted level of water on a block of wood when
floated

Describing water equivalent of the calorimeter in calories
per degree centigrade

Describing equivalence of calories and joules

-Describing heat of fusion of ice

Describing heat of vaporization of water

Describing the horsepower an individual can develop running
up a stairs by measuring vertical distance and time

Describing what one could earn per hour on the basis of his
horsepover output if he were paid at the rate of 5 cents per
kilowatt hour

Describing micro ammeter reading for different requencies

Determining the natural frequency of a wire by groducing
Lissajous figures and reading audio generator frequency scale

Determining resonant frequency of a wire

Determining node of vibrating wire by finding location vhere
riders remain stationary

Describing wave velccity on wave machine by measuring time
and distance traveled

Describing speed of soundwaves by using resonance of a closed
tube

Describing speed of sound waves in free space by using
electronic equipment

Describing speed of sound in metal by using free vibration
and electronic equipment

Determining length of a wave using electronic equipmnent

Determining 1requency of micro waves



30-22-20
31- 4- 3

31- 7- 5

33- 2- 1
33-22- 6
34~ 3- 7

34~ 8-12
34-16-16

34-24-21

37-12- 3
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Demonstrating angle of incidence cqual to angle of reflection

Describing the index of refraction by determining ratio of
sine of angles

Describing effect of water depth on apparent elevation of
object at the bottom

Determining gapma ray count using scalar with a Geiger tube
Determining 1ight intensity using 1ight meter

Determining the combined amplitude for in-phase and 180°

- out of phase conditions using scope and audio generator

Determining phase change at reflection for Lloyd's experiment

Determining the wavelength of micro waves by measuring the
angle between the zero order ray and the first order ray
and applying the formula, I~= e sin 8

Determining Yines per inch in a diffraction grating by
using a known wavelength 1ight source and a spectrometer to
measure angle between the zero order and first order spectrum

Determining the stat-coulombs pleced on ping-pong bells 2y
measuring distance and determining the force



2~ 9-1
2~ 9- 1
2- 9- 1
2- 9- 1
2- 9- 1
2- 9- 1
2-11- 2
2-17-12
4- 2- 1
6- 3- 3
9~ 4- 1

" USING SPACE/TIME RELATIONSHIPS
Data Table Model

Distinguishing between time and space '
Distinguishing distance change per time interval
Distinguishing time change per distance interval
Distinguishing number pairs
Distinguishfng sequence and number pairs
Describing speed from space/time data table
Recording nuiber pairs of épace and time
Demonstrating comparison of predicted and measured distance
Describing symbol of a sentence model

Recording relationships between radians, degrees, and
revolutions

Recording data on v, t, and k
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USTNG SPACE/TIME RELATIONSHIPS
Graph Model

2-11- 2 Distinguishing point plot of number pairs

2-11- 2 Distinguishing number pairs

2-12- 3 Distinguishing time change per distance interval

2-12- 3 Distinguishing distance change per time interval

2-12- 3 ‘Distinguishing regular intervals

2-12- 3 Distinguishing limitations of limited plotted points for

accurate interpolation

2-12- 3 Distinguishing limitations of Jimited plotted points for
accurate extrapolation ’

3- 4- 1 Describing relative time that evenis took place in space
3- 4- 1 Describing why starting and finishing lines are pareilel
3- 4- 1 Describing labeled points in time and space

3- 4~ ] Describin@ labeled points in time axis

3- 4- 1 Describing intervals on time axis

3- 4- 1 Describing labeled points on'space axis

3- 4- 1 Describing line interval parallel to time axis

3- 4- 1 Describing line with constant slope as representing constant
speed

3- 7- 2 Constructing line to represent average speed

3- 7- 2 Describing line with greater slope as representing greater
speed

3- 7- 2 Constructing a line nf given slope to deterimine time of an
event in space

3- 7- 2 Distinquishing why x axis is used for time and y axis is used
for space :

3~ 9- 3 Constructing a space/time graph
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3- 9- 3 Describing direction of velocity by slope of line

3-12- 7 Distinguishing analogy between pos%tive and negative x and y
and positive and negative time and distance (quadrants)

3-14- 9 Describing positive change in slope as acceleration

3-17-12 Constructing a graph to make distance predictions by
interpolating

3-19-13 ?onstructing a graph to make time predictions by interpo-
ating

3-26-17 Describing slope of tangent
4- 7- 5 Constructing a graph to predict an event in time and space

5-10- 7 Constructing a graph model to predict cyclic phenomena in
time end space

6- 4- 2 Constructing a graph model to solve a frame of reference
problem for time at which an event will occur

6- 5- 3 Constructing graph model for a frame of reference problen
to predict the direction and distance at which an event will
occur

7- 4- 1 Constructing one dimensional time model

7- 5- 2 Constructing polar coordinates graph model to represent
displacement in radians

7-10- 4 Distinguishing speed on three dimensional graph model

7-11- 5 Constructing three dimensional graph to represent tip of
helicopter blade in time and space

8-18~ 7 Distinguish vectors plotted on a coordinate axis graph model
9- 7- 6 Distinguishing inverse variation plot

9- 7- 8 Constructing inQerse variation plot when one quantity has
been reciprocated

g- 8~ 9 Constructing inverse variation plot on Tog-log paper using
logarithm method

10- 1- 1 Distinguishing graph plot of an object that is decelerating

10- 2- 3 Describing feature of graph line that would indicate zero
acceleration ‘
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12~ 5~ 4 Demonstrating that the arca under the line of a speed tire
graph represents distance traveled

33~ 4- 3 Constructing graph of count rate of gamma rays and medium
thickness

33-11- 7 Constructing graph of infrared energy received by sensor
and water depth
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USING SPACE/TIME RELATIONSHIPS

Sentence Model

4- 2- 1 Describing the code of a sentence model

4- 3- 2 Applying the formula for finding the area of a trapezoid
to find the altitude :

4- 3~ 2. Transforming a sentence model

4- 7- 5 Constructing a sentence model to predict an event in time and
space

4-12- 8 Constructing sentence model to prove two angles equal

4-14- 9 Applying formula for finding the area of a circle (two
dimensional)

4-14- 9 Applying formula for finding the area of a closed cylinder
(three dimensional)

4-15-10 Describing area of triangle in terms of at, t, and necessary
number ’

4-15-10 Describing area of quadri-lateral in terms of V,, a, anc t
4-16-11 Describing sides of triangle using trigonometric functicns

4-17-12 Applying pythagorean theorem to find unknown side of rignt
triangle

5- 3- 2 Distinguishing simplified sentence model (V = 2ar to V = r)

5-10- 7 Constructing sentence model to predict cyclic phenomena in
time and space

6- 4- 2 Constructing sentence model to solve & frame of reference
problem for time at which an event will occur

6- 8- 5 Constructing sentence model for a frame of reference problem
to predict the direction and distance at which an event will
occur

7-17- 5 Describing area in mixed dimensions

7-23- 8 Describing dimensions of unknown

8~ 8- 2 Apblying trigonometric functions to solve vector problems




8-18- 7
9- 4- ]
9- 6~ 4
13~ 2- 1
15~ 2- 1
15-15- 6
15-21-1
15-22-13
16-17-11
16-17-11
16-17-11
17- 4- 1
18-21- 8
21- 2- 1
22- 6- 1
22-24-13
22- 2- 1
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Applying rules for adding and subtracting vectors
Distinguishing number and dimensions for constant
Distinguishing -inverse variation

Constructing analogous rotational motion sentence mod2ls from
translational motion sentence models

Applying the formula, s=%at2, to predict whether two cbjects
released simultaneously from the same height will strixe the
ground at the same time if one is given an initial horizontal
valocity

Applying s=%at2 and D=vt to trajectory problem
2V, Sin 8

Applying t=—~ll?;—-* to predict angle of projection for
maximum flight time

2 sin 20
Applying R=!9..§12~E_.to predict angle for maximum horizontal

distance

Applying F=Ma to find the acceleration a given forcas will

impart to a given mass

(45}

Applying F=Ma to find force when acceleretion and i~2:¢ zre
given

30

Applying F=Ma to find mass when acceleration and fcrce
given

re

Applying geometry to prove two angles equal

Constructing a general sentence modei for the frequency beat
of two objects that are each in simple harmonic motion

Describiny dimensions of momenfum in cgs, nks, and tnglish
systenm

Describing dimensions of the erg

Describing potential encrgy loss of a pendulum as it roves
from position where all energy is potential to where'it is all
kinetic

Describing enerqgy in gram centimeters and in ergs
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23- 4~ 2 Describing comparative rate of change of potential energy
and potential energy of a freely falling object on a
theoretical and measured basis




11-1-1
12- 3- 1

18-17- 7
22-23-12

28- 7- 2
30- 7- 1

32- 8- 4
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USIRG SPACE/TIME RELATIONSHIPS

Diagram Model

Constructing an angle equal to one radian by measuring off
the length of a radius along the edge of a disc

Constructing radians to determine the approximate number ner
disc ‘

Describing distance franie of reference prediction from
analysis of diagram model

Constructing a scale drawing of vectors to solve a problenm
Distinguishing inverse variation of pulley radius and
rotational speed when rotated by a belt moving at a constant
speed

Distinguishing ratios of speed in pulley systen

Distinguishing series of distances fallen each secord in order
to extrapolate others

Describing phase and amplitude of simple harmonic rotion

Constructing a diagram to show that the center of ¢rzviiy of
an ideal machine does not rise or fall

Descfibing phase difference between two points

Constructing a diagram of standing waves on the Bell iave
Machine for reflection at a free and at a clamped end

Constructing diagram of light waves passing through and
leaving a double convex lens



3-17-12

3-19-13

3-22-14

3-22-15

10- 3- 4

10~ 8-

(521

10- 9- 6

12-16-10
13- 4- 3
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USING SPACE/TIME RELATIOHSHIPS

Inquiry

Constructing laboratory check of interpolated distance
prediction (from graph)

Constructing laboratory check of starting times and distance
at which objects traveling at different rates will have
moved the same distance (from graph)

Constructing laboratory check of predicted start1ng points
if objects traveling at different rates are to arrlve a2t a
given distance at the same time (from graph)

Construct1ng laboratory check of predicted different starting
points and different times for objects traveling at different
rates to be together at a given time (from graph)

Demonstrating validity check of predicted event in tire and
space (from sentence)

Demonstrat1ng laboratory verification of sentence 23]
(V=2rirw)

Demonstrating validity check of transformed sentence rciel

(1i=F)

Demonstrating validity check of frame of reference sentance
model

Demonstrating validity check of frame of reference gra;h
model used to predict direction and distance at which an
event will occur

Distinguishing weight of bucket that is in dynamic balance
(frictionless system)

Distinguishing force of friction by utilizing dynamic
balance

Distinguishing weight of object by utiltizing dynamic balance
(friction svstem)

Demonstrating validity check of s=v0t+%at2

PSR

Applying the rotational motion sentence model, V= /éae



13- 4-

14~ 8-
15- 3-

18-10-
18-13-
18-13-
18-14-
18-14-
18-22-
19- 3-
19- 8-
19-16-

19-16-
13-20-

20~ 3-
23~ 8-

24-14-
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Applying the rotational motion sentence models, 9=wot+5~t2
and 8=vit-ket?

Measuring the acceleration of gravity

Constructing laboratory check of prediction that two objects
released simultaneously from the same height will strike the
ground at the same time if one is given an initial horizontal
velocity

Describing the acceleration of a pendulum as it passes through
its equilibrium point

Describing where magnitude of acceleration is zero and
maximum for simple harmonic motion

Describing where acceleration changes direction for simple
harmonic motion

Describing where velocity is zero and maximum for simple
harmonic motion

" Describing where velocity changes direction for simple

harmonic motion

Constructing laboratory check of frequency beat equatibn,‘
fp=fe-fs

Constructing laboratory check of velocity model, V=V.cos@,
for simple harmonic motion

Constructing laboratory check of acceleration models ¢f simple
harmonic motion

Constructing position graph plot of simple harmonic motion
using shadow graph method and also using the swinging pendulum

Constructing a phase difference plot on a graph of position

Constructing graph of motion of the prong of a tuning fork
using an oscilloscope

Constructing a laboratory check for a sentence model for the
period of a mass oscillating on a spring

Demonstrating how well the model, V2=Zgh, fits a swinging
pendulun by “shuoting tapes” wilh the spark machine

Describing energy transfer for bouyancy of rock suspended in
water and then allowed to sink to the bottom

.



26- 4- 3

27-14- 3
27-14- 4
28-12- 4

28-13- 5

30- 9-6
30-16- 6

30-22-19
31- 6- 4
31- 7- 5

31-16- 9
32-18-13

33-19- 5
33-22- 6
34- 1-1
34-1- 2
35-11- 8
35-19-10
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Demonstrating the horse power one can produce by running up
a flight of stairs and computing change in potential energy
per time
Describing natural frequency of a wire
Distinguishing resonant frequency of a wire

Constructing a laboratory check of formula, PE=4KXZ, for a
spring by "shooting a tape" using spark apparatus

Distinguishing the velocity of a wave on the Bell Wave Machine
by measuring time and distance, (28-17-6) by using resonance
of a closed tube, (28-19-7) by using electronic equipnent to
measure velocity of sound in free space, and (28-21-8) by
using free vibration to measure speed of sound in metal
Describing phase change of wave at boundary

Describing real point source distance and virtual point
source distance of light waves striking plane mirror

Denonstrating that angle of incidence is equal to angle of
reflection

Describing why sun is seen before actually rising or after
setting (refraction)

Describing effect water depth has on apparent elevaticn of
object on the bottom

Describing critical angle for glass and air boundary

Describing image size produced by converging and diverging
mirror

Describing how a sealed beam headlight diverges light slightly
Describing how Tight intensity decreases with distance
Describiny amplitude due to reinforcement

Describing amplitude due to interference

Describing polarization by reflection

Describing orientation of the reflection of a reflected image



2~ 9- 1

2=11- 2
3-17-11
3-17-12
16- 7- 4

16= 1~ 1

27~ 8- 1
28-17- &

37-10~ 1

USTHG LULBERS
Data Table llodel

Identifying and naming number pair (sets) from data tzole
model

Demonstrating interpolation from data table model
Demonstrating extrapolation from data table model
Pemonstrating relating speed to S/T data table model
Describing number pairs by recording on data table rode)
Describing distanée neasured in centinmeters

Comparing predicted and measured distance per given tire
Demonstrating proceduae for making a teble of y values for
the equation, -y= =Kx2, when values fer » and the viluz of K
are given

Recording components of forces (vectors)

Describing micro ammeter reading

bescribing distance at which earthquake had occurrec ¢rom
receiving station

Describing values of length, d1splacement displacerent per
length, force, distance, and Fd for statics

9,9,
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USING NUMBERS
Graph Model

2-11- 2 ldentifying and naming number pairs from coordinate axis
graph model

2-12- 3 Demonstrating interpolation from graph model data

3- 4- 1 Describing slope of line/speed relationship from coordinate
axis graph model "

3- 4- 1 Describing number pairs from coordinate axis graph model
3- 4- 1 Describing intervals on coordinate axis graph model

3- 7- 2 Demonstrating the finding of average speed from coordinate
axis graph model

3- 9- 3 Constructing a two dimensional graph model

3-10- 4 Describing what positive, zero, and negative slope represents
on graph model
3-11- 6 Describing direction of positive or negative velocity

3-14- 8 Describing negative time plot on coordinate axis graph wodel

3-14- 9 Describing curved line/acceleration relationship on craph
model

3-19-13 Constructing graph to predict an event in timé and space
‘.

3-26-17 Describing tangent line/curved line retationship on graph

mode]l
4- 7- 5 Deronstrating developing graph models to solve problems
7- 5- 2 Describing rotational motion using polar coordinates
7- 6- 3 Describing rotational motion on three dimensional graph model
9~ 7- 6 Describing qraph line for inverse variation
9- 7- 8 Demonstrating using qraph to check variation
9- 8- 9 Demonstrating logarithm method of graphing
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12- 4- 3 Describing area under the graph line of a speed/time plot as
representing distance traveled

15- 7- 4 Demonstrating shadow graphing of an accelerating object

22-21- 9 Describing equivalent areas under graph lines




4- 2- 1
4- 3- 2
4- 5- 3
4- 7- 5
7-17- 5
7-20- 7
8-18- 7
9- 4- 1
9- 5- 2
9- 6- 3
9- 6- 3
9-14-12
12- 3- 2
12-20-12
13- 2- 1
21~ 2- 1
21- 3- 2
21- 8- §
22 6- 1

USING NUMBLRS

Sentence Model

Describing code of sentence model

Demonstyrating procedure for finding unknown using sentence
nodel

Demonstrating transformation of sentence model
Demonstrating developing sentence models to solve problams
Demonstrating algebraic treatment of mixed units
Demonstrating dimensional analysis

Demonstrating subtraction of vectors

Identifying and naming number and units of constant
Demonstrating converting constant to number value crly
Describing direct variation

Describing inverse variation

Demonstrating solving variation problenis

170

Describing a series of distance numbers for successivs seconds

for an object starting at rest and accelerating unifor iy

Demonstrating procedure for analyzing a quadratic using
general quadratic equation

Demonstrating procedure for deriving analogous rotationral
motion models from translational motion models

Describing dimensions for momentum and impulse using the
Newton and poundal force dimensions

Describing dimension for momentum and impulse using the
absolute mass dimensions-of slugs

Describing the relationship between the momentum of tvo
masses in a systen that have the same force acting on them
by developing a sentence model to equate the two

Déscribing dimensions of the erg



22-22-10
22-24-13

23~ 2- 1

31-10- 6
31-12- 8

17
Describing machine efficiency

Describing potential energy loss of pendulum that has fallen
a given vertical distance

Demonstrating procedure for calculating energy in gran
centimeters and ergs

Describing apparent elevation of an object in water

Describing critical angle for a water air boundary



4-12- 8
4-14- 9
4-16-11
4-16-11
4-17-12
8- 3- 1
8- 8- 2
10-13-10
11-1-1
24-12- 3
24-12- 4
24-12- 5
28- 7- 1
28- 7- 2
30-16-16
30-22-20
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USING HUMBERS

Diagram Model

Demonstrating two angles to be equal using geowetric proof

Demonstrating finding surface areas of two and three
dimensional objects

Describing trigonometric functions of an angle
Describing trigonometric functions for side length

Demonstrating finding sides of right triangle using
pythagorean theorem

Cemonstrating solving vector problems by scale drawing

Demonstrating solving vector problems using trigonometiric
functions

Describing direction of force of moment of force using sine
function

Describing ratios of masses to balance system

Describing energy of position

Describing downward force need to keep woodenkb]ock sutmerged
Describing waterline on floating block

Describing phase of a wave

Describing phase difference between two points on successive
waves in degrees and radians

Describing relationship of actual point source distance to
reflecting front and virtual point source to same front

Describing angle of incidence equal to angle of reflection
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USING NUMBERS

Descriptive Model
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USING NUMBERS

Inquiry

3-17-11 Describing measured linear metric units

5- 2- 1 Demonstrating iaboratory verification of sentence mocdz}

3 Demonstrating construction of a radian

5- 3- 3 Identifying and naming number of radians per revolution
3

Distinguishing that V2=2gh fits the pendulum at its
equilibrium position

24- 5-.1 Describing buoyant force acting on a submerged object
25-11- 1 Describing the water eguivalent of a calorimeter
25-13- 2 Describing relationship of calories to joules

25-15- 3 Describing specific heat of a metal

25-13- 5 Describing heat of fusion of water

25-21- 6 Describing heat of vaporization

26- 4- 3 Describing the horsepovier an individual can produce
26- 4- 3 Describing dollar value of horsepower produced
28- 8- 5 Describing electrical input

28- 8- 5 Describing mechanical output

28- 8- 5 Describing energy converted to heat
28- 8- 5 Describing efficiency of system

27-14- 3 Describing natural frequency of a wire

27-14- 4 Describing comparison of natural and resonant frequency
of a wire

[0)}

27-17~ Describing cowparison of derived and experimental resulis
28-13- 5 Describing velocity of a wave on wave machire

28-17-

(o)

Describing velocity of sound waves in air




28-21-

8

28-26-10

29~ 5~

32- 8-

33-10-

33-11-

35-13-

2

Describing velocity of sound waves in a metal rod
Describing frequency of micro waves

Describing relationship between amount spring is stretched
and wave velocity

Demonstrating that the sum of the reciprocals of the object
distance and image distances remain constant

Describing difference between predicted and measured count
of gamma rays using scalar

Describing infra red waves reaching sensor for different
depths of water

Describing a mathematical analysis to produce the necessary
models to determine the angle of incidence for the most
effective polarization of light
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COMMUNTICATING
Data Table Model

2- 9- 1 Describing interpolated distance

2~ 9- 1 Describing extrapolated time

2- 9~ 1 Describing speed in miles per hour

2-11- 2 Describing number pairs

2-12- 3 Describing interpolated time

3-17-11 Describing measured distance

3-17-12 Comparing measured and predicted distance
3-19-13 Describing predicted release time

3-23-16 Describing altitude at different times

4- 2- 1 Describing synbolic code of diagram

5- 3- 3 Describing relationships between radians, degrees, znd
revolutions

9- 4- 1 Describing measured time, the constant of variaticn, &n<
computed velocity

9- 6- 4 Describing measured radius and rotational speed and co*:aued
constant of variation

15~ 7- 4 Describing values of Y for equation, -Y=Kx2, when values
of x.and K are given

16- 1- 1 Describing force vector x and Y components
16-16- 9 Describing dimensions of newton, dyne, and poundal
19- 2- 1 Describing vo10c1ty of oscillating shadow at thirty deqree

intervals if it is 10 Eg.at 0° phase position

19- 2- 1 Describing significance of positive and negative signs of
phase volocity




20-14-10

22-25-14

27-11- 2
29-21- 9

177

Constructing a table of x and y values for different values
of 8 for Lissajous figure

Describing energy dimensions from force and distance
dimensions

Describing micro anmeter readings

Describing relationship between mo]écu]ar weight of gasses
and the velocity of sound in these gasses for a constant
temperature



2-12- 3
3- 4- 1
3- 4- 1
3- 4- 1
3- 4- 1
3~ 4- 1
3- 4- 1
3- 4- 1
3-7- 2
3- 9- 3
3-10- 4
3-11- 6
3-11- 6
3-14- 8
3-14- 9
3-17-12
3-26-17
5-10~ 7
6- 4~ 2
7- 5- 2
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COMMUNICATING

Graph Hode!

Bescribing interpolated time and distance

Describing the relationship of positive slope of line to
speed :

Describing 1lines parallel to time axis

Describing number pair points

Describing points on time axis

Describing time intervals

Describing points on distance axis

Describing distance intervals

Constructing a2 line to represent average spoed

Constructing lines with positive, zero, and negetiv: sicpe
Describing that a line with zero slope represents zerc <reed

Describing that positive velocity represents positive
direction

Describing that negative velocity represents negative
direction

Constructing a line to represent positive distance in
negative time )

Describing change of slope relationship to changing speed
Constructing a space/time graph

Describing tangent to changing slope

Describing a cyclic phenomena in time and space
Describing frame of reference

Describing race using polar coordinates



10- 1-1
12- 5- 4

15~ 7- 4

19-11- 6

20-14-10

22-21- 8

22-21- 9

179

Describing motion of helicopter blade tip in three
dimensions in time and space ‘

Naming plot of inverse variation as a hyperbola

Constructing graph plot of inverse variation where one
quantity has been reciprocated

Constructing graph on log-log graph paper using
Togarithm method

Describing graphs with titles

Describing area under graph 1ine of speed and time graph
represents distance traveled

Describing change of shape of curve if V, increases so that
K decreases in the equation, K=_ﬂ?
Vy

Constructing a graph of displacement and phase angle of
simple harmonic moticn

Constructing a graph of x and y values of 9 of Lissajous
figure

Describing how a portion of the area of a graph was drawn
to represent energy changed to heat energy

Describing area of one plot to be equal to area of snother
plot on seme axis



4- 5- 3
4-10- 6

5-10-
6~ 4~
7-17-
7-23-
9- 7-

w O 0 w»voN N

12- 4-

13- 2-1
19-11- 6
21- 2-1

21~ 8- 5
22- 6- 1
22-22-10

180
COMMUNICATING

Sentence Model

Describing process of transforining sentence model

Constructing a sentence model to predict an event in time
and space

Describing a cyclic phenomena in time and space
Describing frame of reference

Describing dimensions in mixed units

Describing predicted dimensions of unknown

Describing predicted inverse variation

Describing a discovered model for a series of distance

—cm
numbers for the model a=n—-

secl

Describing analogous rotational motion wmodels from
translational motion nodels

Describing acceleration of simple harmonic motion for eny
phase angle by developing the model

Describing dimensions of momentum and impulse develciz< from
the Newton, the poundal and the slug

Describing a developed model relating masses and velocities
Describing dimensions of an erg from those of the dyne

Describing calculations of machine efficiency



4- 2- 1
4-12- 8
4-14- 9
4-16-11
5- 3- 3
8- 3- 1
8-11- 3
8-11- 4
n-17- 7
12- 3-1
18-15- 6
18-17- 7
20-14- 9
22-23-12
22-23-12
29-16- 7
30- 7-1
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COMMUNICATING

Diagram Model

Describing symbolic code of diagram
Describing two angles to be equal using geometric proof

Describing procedure for finding area of circle, closed
cylinder, and cube

Describing trigonometric functions of an angle
Describing characteristics of a radian

Describing the magnitude of vectors by use of scale
drawing

Constructing vector components
Describing procedure used to drsw vector components

Describing procedure for predicting Ideal Mecharica)
Advantage ot an inclined plane

Describing predicted distance of fall feor tenth seccssd from
distance number pattern for first four seconds

Describing phase angles of simple harmonic motion

Describing amplitude and phase difference of simple harsnic
motion z

Describing how Lissajous rectangle can be used to compare
amplitudes of two simple harmonic motions

Constructing a diagramed system to scale

Describing by construction that the center of gravity of a
cart and bucket system remains at the same level in the
gravity force field as the cart moves up incline and bucket
moves down

Describing where earthquake took place by analyzing scale
diagram model of intersecting circles

Constructing a diagrem of standing waves on a Bell Wave
Machine at a free ond at a clamped end
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34-14-15 Describing a wave front as being of a first order

Qo
ERIC



9- 5- 2
9-20-18
10-16-11
11- 9+ 2
11- 9~ 2
12- 3- 2
12~ 4- 3
16-15- 8
16-16-10
16-22-14
16-23-15
17-18- 7
18-13- 4
13-14- 5
21- 4- 3

COMMUNICATIRG

Descriptive Model

Describing process of changing constant with number and
dimensions value to number value only

-
3

Describing reasoning sequence in solving variation pro

Describing a situation where moment of force is zero
because sine @ is zero

Describing conditions under which resistance would move down
with zero acceleration if effort force were zero in pulley
system .
Describing conditicns under which resistence would movae down
with zero acceleration if negative effort force were applied
in pulley system

Describing a number series for distance eich seceond Tor an
object accelerating at the rate of three centirmatars nan
second per second

theoretical velocity of an cobject tnat nas
eighty-one fect

Pescribing cropped
frecly for

Describing some invented force dimensions

Describing slug in terms of its dimensions
Describing conversion of gravitational units of force to
absolute units of force

Describing force in g's of force

Describing how an object can be accelerated toward iie center
of the earth and yet mave in an elliptical orbit around the
carth

Bescribing when acceleration of simple harmonic motion
changes direction and whon wagnitude of acceleration is zero
and maximum

Bescribing when velocity of
dive

sitple harmonic motion changes
ction and when it is zero and maximum

Dascribing how to prevant the sting of caught baseball



21~ 9- 7

22- 7- 2
22- 8- 3

24-17-10
24-17-11

29-15- 6

3t-19-10

32- 5~ 3

- 34- 2~ 5

34- 8-11

34-12-14
34-20-23
34-33-27

35-23-14

36-10- 6

184

Explaining the statement that "The momentum of the universe
will never change but always remain constant.”

Cescribing predicted series of events

Describing theoretical procedure for measuring energy of

motion changed to heat energy in a system
Describing missing energy in logical presentation

Describing how a balloon can change potential energy to
kinetic energy as it rises

Describirg relationship between longitudinal and transverse
wave amplitudes in deep and shallow water

Demonstrating that a 90 degree prism made of glass produces
total reflection when mounted so that rays entering and
lTeaving are perpendicular to one of faces of prism

Describing how a chromatic lenses color correct from reading
descriptive material

Describing impedance requirements to procuce twd ra2fissizd
wave pulses that are 180° out of phase

Describing a formulated rule for the nurmber of nhzlf wsve
length differences that produce destructive interferznce--
constructive reinforcement

Describing a small distance in angstroms

Describing hypothesis to explain color production

Describing spectrum of colors produced by a soap bubble by
drawing an analogy between light waves and micro waves

Describing erganized presentation on polarization of iight
that could be given using two polaroid disks and a light
source

Describing why spectral lines becose wider with increase in
temperature by apnlying Doppler's Principle



6- 7- 4
9- 8- 9
10- 3- 4

10- 9- 6

10-11- 7
10-11- 8

“16-17-13

11-13- 4
11-20- 8

14- 8- 1
15- 3- 2
16-.1- 1

16-11- 3
22-12- 5

185
COMMUNICATING

Inquiry

Describing validity check of model
Presenting a report of a project

Describing observations of static and dynamic balance of
frictionless pulley system

Describing project data on finding force of friction in
pulley

Describing project data on finding weight of object using a
pulley with friction and utilizing dynamic balance

Describing predictions and justification of prediciion of
weight that will produce zero acceleration of fricticniess
pulley system

Describing comparison of predicted and laboratory results of
weight that will produce zero acceleration of fricuizsrizss
pulley system

Describing predicted moment of force that will prodizs zzro
acceleration of frictionless pulley system

Describing data and analysis of data of a four répe 23172y
system for Ideal Mechanical Advantage, Actual Mechanicsa®
Advantage, and actual mechanical advantage

Describing data and analysis of data of a cart on an inclined
plane for Ideal Mechanical Advantage, Actual Mechanical
Advantage, and actual mechanical advantage

Describing data and analysis of data in determining
acceleration of gravity

Describing observed resulting time of fall of an object
projected horizontally and one dropped at the same moment

Uescribing data aralysis of force vectors that indicates zero
acceleration of a point

Describing accelerating force in grams

Describing observations of a weighted wheel on an inclined
plane



25-11- 1
27- 8- 1
27-14- 4
29- 5- 2
30-12- 9
30-13-11
30-17-17
31-16- 9
34-11-13
35- 1-1
35-20-13

Comparing results of measurements of calories per degree
change in temperature of calorimeter

Describing mechanical resonance of a spring by drawing a
resonance curva from measured amplitude and frequency
difference

Describing relationship discovered when comparing resonant
and natural frequency of a wire

Describing relative time for a wave to travel down a soring
for two different lengths

Describing evidence to substantiate a conclusion
Describing analogous situations

Explaining the cause of an observation

Describing observed critical angle of a glass air boundary

Describing observations by completing a diagram of straight
line water waves passing through openings between paraffin
blocks

Describing eviderice that might be used to ciassify electro-
magnetic waves as transverse or as longitudinal

Describing hypothesis formulated for "red sunset" from
evidence collected

186



THYESTIGATING

Data Table Model

Inquiring systematically into the construction and use of
data table models to promote their construction and use
throughout the course as a primary method of organizing
and communicating data

187
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INVESTIGATING

Graph Model

Inquiring systematically into the construction and use of
graph models to promote their construction and use through-
out the course as a primary method of organizing and comruni-
cating related data that can be easily 1nterpreted




189
INVESTIGATIRG

Sentence lModel
4- - Inquiring systematically into the construction and use of

sentence models to express relationships and solve for
unknowns to promote their use throughout the course




190

IRVESTIGATING

Diagram liodel

4- - Inquiring systematically into the construction and use of
diagram models to facilitate their construction, labeling,
interpretation, and use of related sentence models througn-

ocut the course
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IHVESTIGATING

Descriptive todel

3- - Inquiring systematically into the interpretation and corstruc-
tion of descriptive models to pass and receive informatiorn and
to relate it to other modes of communication throughcut tre
course
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INVESTIGATING
Inquiry

5« 2- 1 Reporting how nearly the sentence model, V=2qrw, fits the
data collected for different gear driven step pulleys

5- 3- 3 Constructing, defining, measuring and describing radians
per circumference and revolution and radians per degrees

5- 6- 5 Reporting how nearly the models, V=2arw and V=rw, that are
- transformed to models for w fit the data collected for
different gear driven step pulleys

5- 7- 6 Reporting on theoretical and laboratory solution of a prob=-
len to determine positicn and time at which markers on two
different sized pulleys will again be together if they are
driven by string belts attached to different sized gear
driven pulleys revolving at the same rate

6- 3- 1 Reporting how the sentence model, t= 300 cm , fits a

.. F
‘ ‘ 127%327 %y
frame of reference problem 2

6- 4- 2 Reporting results of solving a problem using a frame of
reference in developing a sentence model and a graph model

6- 7- 4 Reporting results of checking the validity of a general
graph model solution of a frame of reference problem

7- - Constructing one, two, and three dimensional graph models
from descriptive models

7- = Reporting operations with numbers and dimensions, the selection
of dimensions, and the use of dimensional codes

8- - Reporting operations with vectors and vector components using
algebra and trigonometry

9. - Reporting experiences with variables, constants, direct and
inverse variation, graph models of direct and inverse varia-~
tion - first power of variables, reciprocals, and logarith
functions, and multiple variation

10- - Reporting experiences with static and dynamic balance, balanced
torques or moments of force, and center of gravity as they
relate to zero acceleration




11-

12-

13-

14~

15-

. 16«

17~

18-

19-

20~

21-
22~

[
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Reporting experiences with determining the ideal mechanical
advantage of a four rope pulley system by the zero accelera-
tion and relative distance methods and the {deal and actual
mechanical advantages of a single movable pulley, an inclined
plane, and a compound machine

Reporting experiences with sentence and graph models and the

checking of models in the laboratory for {nitial velocity and
constant positive acceleration and initial velocity and con-

stant negative acceleration

Describing analogous rotational motion sentence models
developed from translational motjon sentence models and report-
ing experiences checking and applying the sentence models,

W= 2 8, o= t+s t2, and 8=l t-} t2

Reporting experiences with various procedures used to measure

‘the acceleration of gravity near the surface of the earth

Réporting experiences with verifying sentence models for the
motion of an object projected horizontally

Reporting experiences with a check of the variation for a
constant accelerating mass and for a constant accelerating
force

Reporting experiences verifying the sentence model for centri-
petal acceleration -

Reporting experiences with shadow graphing the velocity vector
and the acceleration vector of the shadow of a revolving peg
and with shadow graphing the phase relationship between two
objects in simple harmonic motion with the same period and two
with different periods to show beats

Reporting experiences with checking velocity and acceleration
models for simple harmonic motion :

Reporting experiences with checking the model for-the period
of a mass oscillating on a spring and with comparing the fre-
quencies of two pendulums and two tuning forks using Lissajous
Figures

Reporting experience with internal forces and momentium

Reporting experiences with energy of position and energy of
motion
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23~

H

leporting experiences with cquating loss of energy ol position
with a gain in energy of motion and with checking the eauiva-
lence of loss of cnergy of position and gain in energy cf
motion for a pendulum bob

24~ - Reporting experiences with the buoyant force acting on a metal
‘ block submerged in water (Archimede's Principle)

25« = Reporting experiences with determining the water equivalent
‘ of a calorimeter, determining the relationship of the Jeule
and calorie, determining the specific heat of a metal, deter-
mining the temperature of a hot nail, determining the heat of
fusion, and determining the heat of vaporization

26- - Reporting experiences with measuring the watt and horsepower
output of nuscles and the efficiency of a small electric motor

27-  ~ Reporting experiences with forced vibration and resonance

28~ =~ Reporting experiences with verifying the sentence ncdel,
PE=3Kx2, with a mass on a spring and with measuring velocity
of waves on the Bell tave machine, velocity of sound waves 1in
a closed tube, in open space, and in metal; and the fraguency
of a sound scurce &nd of micro waves

29~ - Reporting experiences with factors that determine wzve velocity

30~ - Reporting experiences with impedance and reflection of waves

31~ ~ Reporting experiences with measuring the critical encle and
index of refraction

32- =~ Reporting experiences with spherical aberration and lers and
mivror images

33- - Reporting experiences with absorption, reflection and spread-
ing of waves

34~ « Reporting experiences with interference and reinforcement of
waves

35- = Reporting experiences with polarization and double refraction
of waves &nd ricasuring Brewster's angle for glass

36~ -~ feporting experiences with string belts to simulate Deppler's
Principle

37- =~ Reporting experiences with electrostatics in checking Coulonb's
Law




INFERRILIIG
Data Table Model

2- 9- 1 Describing expected data pairs from those given

2- 9- 1 Describing expected speedometer reading from time and
distance data pairs

2-12- 3 Recognizing that inferences are based on assumptions

9- 6- 5 Constructing inferences from observations of data




2-12- 3
2-12- 3
3-10- 4

3-14- 9

3-26-17

INFERRING
Graph Model

Describing expected data pairs from those plotted
Recognizing that inferences are based on assumptions

Ordering inference that zero slope represents zero speed
if the slope of a graph line represents speed

Ordering inference that a line with positive changing
slope indicates an object has speeded up

Ordering inference of what caused change in slope of line

196
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IHFERRING

Sentence Model

7-23- 9 Deriving dimensions for an unknown

9- 4- 1 Constructing inferences from observations (inverse or direct
variation)
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INFERRING

Diagram lodal

Ordering inference of radians pér circle by knowing relation-
ship of radius to radian and radius to circumference

Constructing inference from observation

Describing expected outcomes of future observations based
on inferences formulated and tested by individual



199

INFERRING

Descriptive Model

2-12- .3 Identifying inferences stated by others

10-13-10 Distinguishing that inferences may need to be altered




3-19-13
5-7- 6

30-22-20
35-11- 8

- INFERRING

Inquiry

Constructing inferences from observations

Describing expected outcomes of future observations based
on inferences formulated and tested by individual

Constructing a laboratory check of an inference

Describing inference that reflected light is polarized from
observations made through polaroid lens

200



CLASSIFYING
Data Table Model

2-11~ 2 Arranging number pairs on data table model
3-17-12 Categorizing distance as predicted and measured

8- 6~ 4 Distinguishing between direct and inverse variation



202
CLASSIFYING

Graph Model

i
3-7-2 Assigning‘time to X axis

3- 7- 2 Assigning distance to Y axis

3- 9- 3 Assigning ty and d, as origin

3~ 9- 3 Assigning positive slope positive speed

3- 9- 3 Assigning negative slope negative speed

3- 9- 3 Assigning zero slope zero‘speed

3-12- 7 Assigning positive and negative quadrants for time and space
3-23-16 Assigning an object a certain speed

3-26-17 Assigning an object traveling towards the earth as having
negative velocity




4- 2- 1
4- 2- 1
8- 3- 2
4-16-11
21- 2- 1

21- 3- 2

203
CLASSIFYING

Sentence Model

Assigning equivalences

Assigning representative symbols
Ordering equations to solve for unknown
Ordering trigonometric functions

Assigning dimensions to momentum and impulse based on the
Newton and poundal as absolute units of force

Assigning dimensions to momentum and impulse based on the
absolute mass dimensions of slugs



204
CLASSIFYING

Diagram Model

4- 2- 1 Assigning representative symbols
4-12- 8 Assigning equal value to angles on basis of geometric proof

8-11- 5 Distinguishing between horizontal and vertical vector
component

8- 6- 3 Distinguishing between direct and inverse variation

18-15- 6 Distinguishing among phase angles




- 8- 3-1
12- 2- 2
16-16- 9

205
CLASSIFYING

ascriptive Model

Categorizing models
Distinguishing‘between'Vector and scalar quantities
Distinguishing between acceleration and deceleration

Distinguishing between Newton, dyne, and poundal



3-17-11
10-16~12

11-13- 4

27-14- 4

34- 5- 8

35-20-12

- CLASSIFYING

Inquiry

Assigning numbers to object on the basis of speed

Distinguishing between clockwise and counter clockwise

moments of force

Distinguishing among Ideal Mechanical Advantage, Actual
Mechanical Advantage, and actual mechanical advantage

Distinguishing between resonant and natural frequency of a
wire

Distinguishing between reinforcement and interference of
waves

Distinguishing direction of polarization of 1light

206



2~ 9- 1
16~ 7- 4

25-15- 3

29-17- 8
29-21- 9

29-21-10

207
INTERPRETING DATA

Data Table Model

Describing space and time m» Ler pairs as miles per hour

Describing corresponding yalues of y for given values of x
for sentence model, -{:sz, where K is equal to 2

Describing general ré]ationship of specific heat of water to
those of other substances listed in a handbook

Describing distance from a reporting station that an earth-
quake occurred by knowing velocities of longitudinal and
transverse waves and difference in arrival time

Describing relationship between the molecular weight of gases
and the velocity of sound in these gases for a constant
temperature

Describing how a change in velocity of sound in a gas that
has changad temperature supports the idea that a group of
molecules are the vibrating element in.sound waves



3- 4- 1
3- 4~ 1
3- 4- 1
3- 4- 1
3- 4- 1
3-14- 9
3-17-12
3-25-17
4- 7- 5
4-10- 6
7-10- 4
9- 7- 5
9- 8- 9
22-21- 8
22-21- 9
22-22-10
23- 4- 2

208
INTERPREYING DATA

Graph Modei

Describing positive slope of line and speed relationship on
a space and time graph

Describing 1ine with zero slope as representing change in

time with no change in distance
Describing points plotted on space and time graph
Describing intervals of time and space on graph

Describing line with constant slope as representing constant
speed

Describing line with positive changing slope as indicating
the object has speeded up

Constructing a graph of space and time changes with the
purpose of interpreting data to formulate pvedictions

Describing space and time plot in fourth quadrant as
representing negative velocity

Constructing graph model of interpreted relationships

Identifying relationships of space and time in one graph that
permit the construction of one for a new set of conditions

Describing space and time relationships on a three dimensional
graph S '

Constructing graph showing inverse variation
Constructing graph of inverse variation using logarithm method

Describing how the area under a graph line was determined and
dravin

Equating the areas of two different shaped plots on a
coordinate axis graph

Calculating the efficiency of a machige from a plot of energy
gain and energy expended

Describing the velocity and height of an object from a spark
tape record to determine PE and KE



27-20-

N

[S2 B v < B ' EER

209
INTERPRETING DATA

Sentence Model

Describing relationships programmed into sentence model
Identifying unknown by programming sentence model
Transforming sentence models

Constructing sentence model of interpreted relationships
Identifying dimensions of unknowns

Identifying vector resultant -

Identifying the constant of variation

Describing the velocity and height of a pendulum from a spark

tape record to datermine how well the model, V2=29h, fits the

pendulum

Demonstrating that the model, n=_l¢4-—, applies to a set of
2L 1M

data by selecting a set of data



210
INTERPRETING DATA

Diagram Model

4-12- 8 Identifying two angles to be equal utilizing geometric proof

6-10- 6 Identifying relationships to form frame of reference
predictions

8- 3- 1 Constructing vectors to scale to determine resultant

12- 3- 1 Identifying number pattern of distance per second for an
object accelerating uniformly

18-15- 6 Describing phase angle of simple harmonic motion

22-12- 5 Describing energy changed to heat energy in an unbalanced
zero accelerating pulley system that has the masses move
a specified distance

22-23-12 Constructing cart, inclined plane, and mass to scale to
demonstrate that for an ideal machine the center of gravity
of cart and mass does not change in the gravity force field
as the cart moves up or down and the mass moves down or up

24-14- 7 Describing energy lost by mass of object submerged in water
as energy gained and lost by water d1>p1aced and overfloewed
from container

24-17-10 Describing missing energy in logical analysis of a series of
diagrams

28- 7- 1 Describing phase of wave in degrees and radians

28~ 7- 2 Describing phasa difference of points on wave in degrees and
radians

29-16- 7 Describing location of an earthquake by noting where arcs
from three reporting stations intersect




3- 9-
3-11-
24-12-

24-13-

31- 6~
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211
INTERPRETING DATA

Dascriptive Model

Constructing a space and time graph from a descriptive model
Describing direction of positive and negative velocity

Describing energy of position changed to energy of motion,
the downward force needed to keep wooden block submerged,
and the level of the water 1ine when it floats from known
mass and volume

Describing potential energy lost by object sinking in water
that has reached terminal velocity as changing to heat
energy

Describing observation of wiy the sun can be seen before
sunrise tne after sunset



5- 2- 1
6- 3~ 1

6- 7- 4
6-10- 6
9- 6- 3
9- 6~

4
10- 3- 4
10- 8- 5

8

10-11-

10-17-13
11-13- 4
11-22- 9

12-11- 7

12-13- 8
14- 8- 1
156- 3- 2

16- 1- 1
16-11- 4

16-13- 6

Verifying formula, a=.t.2r

212
INTERPRETING DATA

Inquiry

Verifying formula, V=2rrw

Verifying formula, t=__300 cm
V12+V32tV42

Checking validity of a graph model

Verifying frame of reference predictions
Identifying inverse variation

Identifying constant of variation

Identifying dynamic and static zero accéleration
Identifying the force of friction in a pulley

Identifying weight of object using pulley with friction; known
weights, and dyrnamic balance

identifying unknown weight that would produce zero accelera-
tion in a situation of moments of force

Identifying Ideal Mechanical Advantage, Actual Mechanical
Advantage, and actual mechanical advantage of a pulley system

Identifying relationship of Ideal Mechanical Advantage of
inclined plane and IMA of wheel and axle in a compound machine

2s 4

Verifying sentence models, V=4/2as and V=at
Identify acceleration of gravity

Describing resultant changes in vertical distance of two
objects in same time if one is given horizontal velocity

Describing vector sum of forces to be zero

Verifying sentence model, %FK

Verifying sentence model, aM=K
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2
17-10- 2 Verifying sentence models, F"MV and F=Mw2y

18- 1- 1 Choosing titles for graph models

18-10- 3 Descrlblng acceleration of object in simple harmonic motion
as it passes through equilibrium point

18-14- 5 Describing velocity of object in simple harmonic motion

18-22- 9 Verifying sentence model, ff-fs=fb, for beat of simple
harmonic motion

19- 3- 2 Verifying sentence model, V=V, cos8, for simple harmonic
motion

20- 3- 2 Describing the spring constant

20-11- 8 Describing the frequency of simple harmonic motion from
Lissajous figures

21- 8- Verifying developed sertence model for equating the momentum

of two objects when the force acting on each is equal and

opposite

[4,]

22- 8- 3 Describing energy lost by system as energy changed to heat
energy

22-12- 5 Describing interpretation of weighted disc on an inclined
plane using an energy approach

24- 5- 1 Describing buoyant force acting on a metal block from
measuring veight of water it displaces

25-11- 1 Describing determined water equivalent of a calorimeter

25—]3- 2 Describing equivalence of calories and joules from volts, amps,
and change in water temperature

25-18- 5 Describing heat of fusion of water
25-21- 6 Describing heat of vaporization of water

26- 4- 3 Describing horsepcaer one can develop in running up a flight
of stairs

28-12- 4 Verifying a modetl, PE=LKxZ, by shooting a tape of a spring
with mass attached

28-17- 6 Describing the speed of sound in a closed tube by using
resonance




o

29- 5- 2

29- 6~ 3

30-10- 8

30-12- 9

30-13-14

31- 7- 5

31-21-12

32- 3- 2

32-16- 9
32-19-14

34- 1- 1
-2

34-36-30

35-20-12
37-10- 1

37-12- 3

214

Describing relationship between the amount a spring is
stretched and the velocity of a wave

Describing relationship between the mass of the magnets on
a magnet board and the velocity of a wave

Describing relationship between impedance and wave velocity
Describiﬁﬁrevidence on wnich interpretation of data is based

Describing cause of observed effect of glass object not being
visible in a liquid that has the same impedance to light rays
as glass

Describing the effect of the depth of the water on the
apparent elevation of an object submerged in it

Describing the relationship between wave length and velocity
of light waves in glass

Describing the cause of circular spectrum in terms of
spherical aberration

Describing a convex air lens in glass as a diverging lens

Verifying that tne image model, %=é— %T, of a converging lens
o %

holds for a converging mirror

Describing qualitatively the relationship between the
amplitude and phase of combining wave pulses and the
amplitude of the resulting pulse

Describing relationship between the distance between glass
plates the the wave length of micro waves for destructive
interference and for constructive reinforcement

Dz2scribing direction blue sky light is polarized

2
Describing evidence that indicates that qu
172

remains constant

Dascribing charge on ping pong balls in stat-coulombs from
data collected

.
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PREDICTING
Data Table Model

2- 9- 1 Applying rules of interpolation and extrapolation to data
table model data to formulate predictions

29-17- 8 Describing distance of earthquake from receiving station
by being given velocities of longitudinal and transverse
waves and their difference in arrival time




2-12- 3

3-19-13
4- 7- 5
5-10- 7

216
PREDICTING

Graph Model

Applying rules of interpolation to graph model data to
formulate predictions

Constructing graph to predict an event in time and space
Constructing test of prediction formulated

Constructing -a graph model to predict positions in time and
space for successive occurances of a cyclic phenomena

Constructing graph model based on frame of refererce to
predict an event in time

Constructing graph model based on frame of reference to
predict direction and distance at which an event will take
place -
Making and testing prediction of what inverse variation plot
of data will look like

T



7-23~

21- 8-

37-11-

217
PREDICTING

Sentence Model

Constructing a sentence model of distance, velocity, and time
to predict an event in time and space

Constructing test of prediction formulated

Constructing a sentence model to predict positions in time
and space for successive occurrences of a cyclic phenomena

Constructing sentence model based on frame of reference to
predict direction and distance at which an event will take
place ‘

Applying rules for operations with dimensions to predict
dimensions of unknown

Constructing a sentence model to predict the relationship
between the mass of each of two objects and the resulting
velocity when an equal force acts on each

q;9 , .
Applying the formula, F= _JEZW to predict the force in
d
dynes when the charges are given in stat-coulombs and the
distance in centimeters



12- 3- 1

20- 2-1

22~ 7- 2

22-24-13

¥

24-12- 5

29-16- 7

218
PREDICTING

Diagram lModel

Constructing predictions based on frame of reference

Constructing scale drawing of vectors to predict unknown
distance and direction

Applying trigonometric functions to predict vector
displacement

Constructing relationship between pulley diameters and speed
of belt to predict inverse variation of diameter to speed of
revolution -

Constructing test of prediction formulated

Constructing prediction of Ideal Mechanical Advantage of a
pulley system

Constructing relationships of inclined plane to predict
Ideal Mechanical Advantage

Consiructing relationships of compound machine, inclined
plane and wheel and axle, to predict Ideal Mechanical
Advantage

Constructing prediction of distance a ball will travel on
inclined plane during tenth second: from series of distances
given for tha first four seconds

Constructing prediction of relative period or frequency of
different masses on springs with the same spring constant

Describing a predicted series of events for a balanced pulley
system when one is accelerated by a force of 10 grams o

Describing predicted potential energy loss of a pendulum in
gram centimeters if it has a mass of 100 grams and falls a
vertical distance of 10 cm

Dascribing predicted water line of a 1000 cm3 block of wood
that weighs 700 grams

Cescribing where earthquake took ptace by noting where arcs
drawn from three receiving stations intersected



30- 7- 1
30- 8- 2

3
32-18-13

33-22- 6

218

Constructing diagrams of standing waves on the Bell Wave
Machine for reflection at a free end and at a clamped end

Describing impedance prediction as waves travel from short
arm to long arm and long arm to short arm Bell Wave Machine

Describing predicted effect of a converging mirror on the
size of the image

Describing predicted relationship between the diameters of
a circle of light from a point source and the reading of a
foot candle meter
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PREDICTING

Descriptive Model

9-17-13 Applying variation process to predict the weight of a paper
disc by having weighed one of a different diameter

9-14-13 Testing prediction by weighing disc

29-10- 4 Describing hypothetical problems for a concert in a large
auditorium if the velocity of sound depended on wave length
and amplitude

32-17-10 Constructing a prediction of index of refraction when light
travels from water to glass by being given the index of
refraction when light travels from air to water and air to
glass ' '

35- 8- 6 Describing and checking prediction of VIVM reading for
polarizing lens axis angles of 60°, 30°, and 45° based on
assumption that the amount of light varies as the cosine of
the angle between the polarizing and analyzing lenses '

35-13- 9 Describing prediction of direction of polarization of
reflected waves and of transmitted waves




3-17-12

3-17-12
10- 9~ b

1= 1~ 1

32-16- 9

34-36-30

221

PREDICTING

Inquiry

Applying rules of interpo]dtion to data collected experi-
mentally to forrulate predictions

Constructing test of prediction formulated

Constructing relationship between unknown weight and two
known weights of pulley system with friction that result in
balance forces with zero acceleration to predict unknown
vieight

Construct relationships of moments of force to predict weignt
of object that produces zero acceleration of frictionless
pulley systen

Construct prediction of free fall time relationship of two
objects dropped from same heiqnt if one is given horizontal
velocity

Describing prediction of how high a 20 gram rass would move
if a 10 gram rass force acts through 20 cm on a pulley system

Uescribing prodicted fraguency setting of audio generator by
procucing standing vave. aof measuring their wave length

Cascribing pradicted effect on wave motion of adding mass to
magnets en nagnet board from student developed model

Dascribing predicted critical angle for glass air boundary
from determined indax of refraction for the glass block

Describing prediction of wiether a double convex air lens in
glass will be a diverging or converging lens

Describing pradicted gamma ray count with two shields based
on the two used separately

UJascribing predicted amplitude for combined pulses of the
same amplitude if they were in phase when they met and if
they were 180° cut of phase when they met

Cascribing and checking predicted relationship between the
distance batw2en glass plates and the wave length of micro
waves for destructive interference and constructive reinforce-
gient
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37-18- 6 Dascriba prediéted motor disc turns of a kilowatt hour meter

for 50 watts and 300 watts from measured revolutions for 106
vatts and 200 watts
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CONTROLLING VARIABLES
Data Table Model

2- 9- 1 Identifying that the distance an object travels varies with
time of travel if the velocity remains constant

2-11- 2 Describing paired quantities that vary as number pairs

3-17-11 Describing variable distances




2-11- 2
3- 4-1
3- 4- 1
3- 4-1
3-7-2
3-23-16
3-26-17
3-26-17
4- 7- 5
6- 4- 2
9- 7- 7
9- 8- 9
9- 8- 9
9-11-10
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CONTROLLING VARIABLES
Graph Model

Identifying paired quantities that vary as number pairs

Describing the slope of a graph line és the rate at which
space and time vary

Describing a 1ine paraliel to the axis of a graph as
representing only one quantity that i§ varying

Describing straight line plot as representing a constant of
variation

Describing a constant of variation by constructing a straight
Tine plot on a graph

Ordering a variable speed to cause a simultaneous occurrence
in time and space

Dascribing a constant change in distance per time as
acceleration :

Describing cause of sudden variance in distance per time

Describing how velocities varied by constructing two line
plots on a space and time graph model

Describing velocity variables in a chosen frame of reference

Constructing graph plot of inverse variation

Constructing graph plot of inverse variation using reciprocal
of one factor

Constructing granh plot of inverse variation using logarithm
method

Dascribing a constant of variation
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CONTROLLING VARIABLES

Sentence Model

4- 7- 5 Describing general relationship of variables by developing
a sentence model for distance and velocity there time is
constant :

4-16-11 Describing how the sides of right triangles vary by using
trigonometric functions

4-17-12 Describing how the sides of right triangles vary by using
the pythagorean theorem

6- 4- 2 Describing velocity variables in a chosen frame of reference

9- 6- 4 Identifying inverse variation
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CONTROLLING VARIABLES
Diagram Model
8- 6- 3 Identifying inverse variation

12- 3- 1 Describing regular variation of distance per time for a
constant accelerating body
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CONTROLLING VARIABLES

Descriptive Model

Qo
ERIC



3-19-13

3-22-14

3-22-15

10-11- 7

16-11- 4

27-18- 7

29- 5- 2

29- 5- 2

29~ 6- 3

31- 7- 5

33- 4- 3

35~ 2- 2

35~ 3- 3
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CONTROLLING VARIABLES

Inquiry

Manipulating variable of time to cause a simultaneous
occurrence in time and space

Manipulating variable of distance to cause a simultaneous
occurrence in time and space

Manipulating variables of time and distance to cause a
simultaneous occurrence in time and space

Manipulating variables of distance and weight to equalize
moments -of force

Ordering constant mass in investigating F=Ma

Describing effect of the mass of a wire on the resonant
frequency by varying the diameter of wire made of same
material

Describing effect of stretching a spring on the time it takes
a wave to travel two lengths of the spring

Describing effect of stretching a spring on wave velocity

Describing the relationship between the mass of each element
and the velocity of the wave as a usable model {doubling mass
on arms of magnet board)

Describing the effect of the depth of water to the apparent
elevation of an object at the bottom

Describing the effect of the thickness of polyethylene discs
on scalar count of Gamma ray enargy (reflection kept constant
by using single discs of same substance that vary in
thickness)

Describing effect of polarizing grid on electromagnetic waves
by abserving effect of rotating disc through ninety degreas
between transmitter and receiver

Describing effect of polaroid lenses on transmitted light by
using one lens as a polarizer and second as analyzer
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37-10- 1 Manipulating the static charge on ping pong balls to

demonstyrate that Fd? - remained constant

q
q1'2
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DEFINING OPERATIOMALLY
Data Table Model

Qo
ERIC
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DEFINING OPERATIONALLY

Graph Model

3- 4- 1 Describing relative speed as Jgreater slope of spaﬁe-time
plot

3-10- 4 Describing a graph Tine with zero slope as representing
zero speed




21~ 2-
21- 3-
2]; 8-
22~ 6~

232
DEFINING OPERATIONALLY e

Sentence Model

Describing impulse and momentum dimensions based on force
units of the dyne, newton, and poundal . N

Describing impulse and momentum dimensions based on the
absolute mass dimensions of slugs

Describing an event where forces are equal and opposite by
equating the momentum of two masses

Describing dimensions of an erg from force dimensions of a
dyne ‘



33-22- 6

34- 7-10

34-14-15

233
DEFINING OPERATIONALLY

<

Diagram Model

Describing decreased light intensity on the basis of
increased area being lighted

Describing reinforcement and interference at given points
in terms of wave length differences

Cescribing a wave front line as first order



21~ 9- 6

34-12-14

234
DEFINING OPERATIONALLY

Descriptive Model

Describing what aV,, represents when referring to the oar
and water situation when a boat is veing rowed

Describing the diameter of a wire in sodium flame wave
lengths



5- 3- 3
16-15- 7
22- 8- 3
24- 5- 1

24-7- 2
28-17- 6
26-19- 7
28-21- 8
30-12- 9
34-19-17
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DEFINING OPERATIONALLY

Inquiry

Constructing operational det.,nition of a radian

Constructing operational definition of force with dimension
b ft
of

Sec?

Describing a procedure to measure energy changed to heat
energy on each impact

Descr1b1ng buoyant force acting on a metal block submerged
in water

Describing prassure acting on a metal block submerged in
vater

Describing speed of sound waves by using resonance of a
closed tube

Dascribing speed of sound waves in free space
Describing ‘speed of sound waves in metal

Describing infinite impedance as when no wave energy. is
transmitted

Describing continuous spectrum of color and their sequence
using the grating thpory
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FORMULATING HYPOTHESES -
Data Table Model




3-26-17
4- 7-5
9- 7- 6
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FORMULATING HYPOTHESES

Graph Model

Constructing hypothesis concern1ng cause of changing slope
of line on graph model

Constructing hypothesis of space and time relationship by
developing graph model

Constructing hypothesis of nature of graph line for an
inverse variation



4- 7- 5

9-14-12

12- 4- 3

15-21-12

15-22-13

18-21- 8

19-11- 6
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FORMULATING HYPOTHESES

Sentence Model

Constructing hypothesis of space and time relationship by
developing sentence model

Constructing hypothesis of variation relationships to
formulate prediction

Constructing hypothesis in sentence model form for fhe
series of distance numbers for any value of acceleration

Constructing hypothesis of projection‘angle for maximum
flight time

Constructing hypothesis of projection angle for maximum
range of projectile

Constructing hypothesis of general sentence model for
frequency of beat of simple harmonic motion

Constructing hypothesis of sentence model for the
acceleration of simple harmonic motion for any
phase angle
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FORMULATING HYPOTHESES

Diagram Model

5- 7- 6 Constructing hypothesis of relationship between drive pulley
size, speed of rotation, belt speed, and driven pulley speed

6-10~ 6 Constructing hypothesis of frame of reference cause and
effect v

12- 3~ 1 Constructing hypothesis of regular series of numbers for
distance per time interval for a uniformly accelerating
object :

20- 2~ 1 Constructing hypothesis of relative period or frequency of
simple harmonic inotion

30-17-17 Constructing hypothesis to explain the double image of a
flame on an unlighted candle behind a pane of glass when a
lighted candle is on the same side of the glass plate as the
observer
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FORMULATING HYPOTHESES

Descriptive Model

12- 4- 3 Constructing hypothesis in descriptive model form for the
series of distance numbers for any value.of acceleration

21- 4- 3 Constructing hypothesis about force and time to explain how
one catches a baseball to prevent the sting

30-13-13 Constructing hypothesis to explain why a window pane acts
as a mirror if one is in a lighted room and it is dark
outside

30-14-15 Elaborating on the hypothesis that the rumble of thunder is
due to successive reflections of the sound

31- 6- 4 Construct hypothesis to explain why sun can be seen before
sunrise and after sunset

32-17-11 Constructlng hypothesis of why obJects are out of focus when
eye is in contact with water and in focus when a swim mask
is used to view objects under water .

34-30-23 Constructing nypothesis to explain producticn of colors
based on five data statements

34-32-25 Constructing hypothesis to explain why waves reflected fron
a glass surface do not change phase upon reflection
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FORMULATING HYPOTHESES .

Inquiry

5- 3- 3 Constructing hypothesis of the number of degrees in a radian

5-10- 7 Constructing hypothesis of cyclic phenomena in time and
space

9- 4- 1 Constructing hypothesis that velocity and time are inversely
proportional if distance remains constant

10-11- 7 Constructing hypothesis of conditions for zero acceleraticn
in a situation dealing with moments of force

10-11- 7 Constructing hypothesis concerning error

11- 1-1 Constructing nypothesis of ratio of speed of weights on two
different sized wheels on same axle

11- 9- 2 Constructing hypothesis of conditions under which resistancn
would move down with zero acceleration if effort force were
zero

11-14- 5 Constructing hypothesis of relationship between the number
of ropes supporting the resistance and the Ideal Hechanical
Advantage of the system

11-22- 9 Constructing hypothesis of Ideal Mechanical Advantage of a
compound rachine

15- 3- 2 Constructing hypothesis that horizontal velocity does not
effect acceleration due to gravity

30-10- 8 Constructing hypothesis of relationship between impedance
and wave velocity

30-13-14 Constructing hypothesis to explain why a glass tube is not
visible below the surface of a liquid that has the same
impedance to light waves as glass has

32-17-12 Constructing hypothesis to explain why the not air from a
_ bunsen burner flame produces an image on a screen when light
is shone through it

34~ 7-10 Constructing hypothesis in terms of wave length differences
to explain reinforcement and interference
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35-20-13 Constructing hypothesis to explain why sunset is red from
data collected from colloidal sulphur experiment
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FORMULATING MODELS
Data Table Model

2- 9- 1 ldentifying a data table model
2-11- 2 Recording data on a data table model

33-11- 7 Constructing and recording data on a data table model




2-11- 2
2-11- 2
3- 7- 2
3-9- 3
3-12- 7
3-17-12
3-19-13
6- 4~ 2
7- 4- 1
7- 5- 2
7-11- 5
9-7-17
9- 7- 8
g- 8- 9
13- 7- 4
19-20- 8
20-14-10

FORMULATING MODELS

Graph Model

Identifying a coordinate axis graph model
Distinguishing plotted number pairs

Constructing a line on a graph model to represent average
speed

Constructing lines on graph model based on a descriptive
modal

Constructing a space and time graph in fourth quadrant to
represent negative distance

Constructing a space and time graph to make interpolated
predictions

Constructing a space and time graph to predict an event in
space and time

Constructing a frame of rveference space and time graph to
make prediction

Constructing a one dim.nsional space modetl
Constructing and plotting points on polar coordinates
Constructing a. three dimansional graph model
Constructing a gfaph of an inverse variation

Constructing a graph of an inverse variation wiere one
guantity is reciprocated

Constructing a graph of inverse variation using logarithm
method

244

Constructing a shadow graph of an object that has horizontal
velocity and accelerates freely due to the force of gravity

Producing a graph of the motion of a tuning fork on an
oscilloscope

Constructing a graph of Lissajous figures



22-21- 8

23- 4- 2
27- 8- 1

245

Describing how the area for heat energy of the total energy
put into the pulley system was drawn

Constructing a spark tape record of a falling plumet

Construct a resonance curve for mechanical resonance from
measured natural and forced frequencies and steady state
amplitude -



4- 2- 1
4- 5- 3
4- 7- 5
5~ 2- 1
6~ 4~ 2
12- 4- 3
13- 2- 1
18-21- 8
21- 8- 5
21-21- 9

FORMULATING MODELS

Sentence Model

Describing the code of sentence model by referring to a
diagram model

Transforming sentence models

Constructing a distance, velocity, and time sentence model
to solve a chase problem

Verifying validity of a sentence model

246

Constructing a frame of reference space and time sentence

model to make prediction

Constructing a sentence model for the series of distance

" numbers for any value of acceleration

Constructing analogous rotational motion sentence models
from translational motion sentence models

Constructing a general sentence model for the frequency of
the beat of simple harmonic motion

Constructing a sentence model to describe the relationship

between the masses and the velocities when the force acting

on each is equal (MaVp=MgVp)

Developing a sentence model for the resonant or natural

frequency of a wire from given dimensions of factors involved



4- 241
4- 2- 1
4-16-11
4-17-12
8- 3- 1
8-11- 3
20-11- 8
22-23-12
28- 7- 1
30- 7- 1
32- 8- 4
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FORMULATING MODELS

Diagram Model

Identifying a diagram model
Describing symolic code of a diagram model

Describing angles of a right triangle using trigonometric
functions .

Describing relationship of sides of a right triangle by
applying the pythagorean theorem

Constructing a scale drawing of vector quantities
Constructing vector components

Producing Lissajous figures

Constructing a compound machine to scale to demonstrate that
the center of gravity of the cart and bucket remains at the
same level in the gravity force field as th2 cart moves up
the inclined plane and the bucket moves down

Describing degree and radian designations on a wave diagram

Constructing a diagram of phase change predictions at a free
end and at a clamped end of the 8ell Wave Machine

Constructing a wave front model for flat wave fronts passing
through and leaving a double concave lens



3-22-14
12- 4- 3

35-23-14

248
FORMULATING MODELS

Descriptive Model

Presenting a report of a project

Constructing a descriptive model for the series of distance
humbers for any value of acceleration

Describing organization of a presentation one would use to
explain polarization to a person unfamiliar with this
phenomena

—



5- 3- 3
29- 6~ 3
34-11-13

249
FORMULATING MODELS

Inquiry

Constructing and measuring degrees in a radian and radians
in a circle

Constructing and testing a sentence model of the relation-
ship between the mass of the element on a magnet beard and
the velocity of waves

Constructing observed curved wave fronts to complete a
diagram that have been observed as straight line waves pass
through openings between paraffin blocks in wave tank
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EXPERIMENT ING
Data Table Model




3-17-12

3-19-13

3-22-14

EXPERIMENTING
Graph Model

Verifying interpolated distance predictions made from
space/time graphed data

Verifying space and time predictions based on theoretical
space/time graph with object traveling same distance in
different times

Verifying space and time predictions based on theoretical
space/time graph with objects traveling different distances

in same time

Verifying space and time predictions based on theoretical
space/time graph with objects traveling different distances
in different amounts of time

Verifying the validity of a distance, velocity, time graph
rnode] developed by student

Verifying frame of reference graph model for distance,
velocity, and time

251



4- 7- 5

5-2-1

6- 3- 1

9- 4-1

9- 6- 3

12-11- 7
12-11- 7
12-1€-10
12-20-12
13- 4- 3
-4

15- 7- 4
16- 6- 2
17-10- 2
18-22- 9
19- 3- 2

252
EXPERIMENTING

Sentence Model

Verifying the validity of a distance, velocity, time sentence
mode]l developed by student

Verifying sentence model, V=2urw

Verifying frame of reference sentence model for distance,
velocity, and time

Determining the constant of variation for the sentence model,
D=Vt, by measuring the time it took objects to go a given
distance at varying rates

Verifying prediction of an inverse variation for the sentence
nodel, K=rvw

Checking the sentence model, a=%% » and also determining the

value of the acceleration for a given weight attached to
string wound around wheel and axle

Checking the sentence models, V=at and Y=2a$S
Checking the sentence model, S=Vgt + Latl
Applying the sentence model, S=V t - ‘/zat2

Annlying tge sentence nodels; =26, B=w,t + %tzs and
9=w0t - Lt

Verifying sentence mod21, -y=Kx2
object

» by shadow graphing path of

Verifying validity of sentence model, a=Kg

F-MV2
r

Verifying validity of sentence model,

Verifying validity of sentence model, ff“fscfb’ for frequency
of beat of simplz harmonic motion

Checking the sentence model, V=V cos®, for the velocity of
simple harmonic motion



19~ 8-

21~ 8-

23- 4-

28-12-

253

Checking the sentence model, a=a sine8, for acceleration of
simple harmonic motion

Developing and checking a sentence modal for equating the
momentum of two masses when the force acting on each is the
same ‘

Testing the equivalence of loss of potentia) energy and gain
of kinetic energy by comparing calculated and measured
values of V and h for a falling plumet using a spark tape
record

Checking experﬁnenta?]y the model, PE=3KxZ, using a mass on
a spring and a spark tape recorder



. 255

EXPERIMENTING

Descriptive lodel

Qo
ERIC
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EXPERIMENTING

Inquiry

3-17-11 Determining distances objects traveling at different rates
move during one minute

9-14-13 Collecting data on a paper disc to predict weight of another
disc using the process of variation

10- 3~ 4 Determining balanced forces for a frictionless pulley system
utilizing static and dynamic balance (zero acceleration)

10- 8- 5 Determining the force of friction in a pulley ut11121ng
dynamic halance

10- 9- 6 Determining the weight of an object utilizing pulley with
friction and dynamic balance

10-11- 7 Verifying prediction of balanced moments of force

10-13- 4 Cﬁecking Ideal Mechanical Advantage and determining Actual
Mechanical Advantage and actual mechanical advantage of a
four rope pulley system

I

11-16- 6 Designing and analyzing a pulley system

11-20- 8 Checking Ideal Hechénica] Advantage and determining Actual
Mechanical Advantage and actual mechanical advantage of an
inclined plane

11-22- 9 Investigating relationship of Ideal Mechanical Advantage of
inclined plane to Ideal Mechanical Advantage of wheel and
axle when they are combined to form a compound machine

14- 8- 1 Determining the acceleration of gravity

20- 3- 2 Veri?ying prediction of period of a spring with weight
attached

20- & 7 Checking prediction of a pendu]um‘that would have a period of
~one second

24- 5- 1 Designing and carrying out an experimental study of the
buoyant force acting on a metal block submerged in water

30-22-19 Demonstrating experimentally with a given set up that the
angle of incidence is equal to the angle of reflection




32-16- 9

33- 4- 3

34-36-30

35- 1- 1
-2

35~ 3- 3

37-18- 6

257

Investigating the optical properties of a double convex air
lens in glass

Investigating the absorption of gamma rays in relationship
to the thickness of polyethylene discs

Determining the relationship between the distance between
glass plates and the wave length of micro waves for destruc-
tive interference and constructive reinforcement

Investigating the wave orientation of electro magnet waves
using a rotating dipole antenna and polarizing grids

Designing and carrying out an experiment to determine if a
polarizing grid reflects electro magnetic waves

Investigating the relalionship of the revolutions of the
motor disc of a kilowatt hour meter per time to the wattage
of a bulb being used
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