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system was developed and provided for use by students. Materials
included lesson guides, cassette tape recordings, flip-card
presentations, and chapter tests. The unit covered during the
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with independent and movable carrels. Pre-test scores were found to
be slightly below the national norms. The post-test scores on the
unit learned during the experiment were slightly higher than the
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who was responsible for coordination and checking the materials in
and out to students. Self evaluations after each topic were regarded
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Author's Abstract

This is a report on a study designed to determine the feasibility of Implementing
Project Physics on an independent study basis using multi-media materials individ-
ualized according to students' interests and needs. Supplementary materials for
Unit 3, The Triumph of Mechanics, were prepared and tested In a pilot project at
the University School of Florida State University where a proctor (non-physics
teacher) supervised the students participating in the study.

Supplementary materials featuring lesson guldes, audiotapes, self evaluations,
and chapter tests were designed in such a manner as to requlre a minimum of
additional or procedural instructions. All instructional materials and pro-
cedures were administered by the proctor.

The materials devised for the study were evaluated formatively and summatively.
The summative evaluation was based on the Project Physics Unit Tests. The
experimental ciass performed above the national norm on the Unit 3 test after
study of the Unit using the supplementary materials under the supervision of the
proctor.

Opinion surveys completed by the students showed that the overall class reactjon
to the format of the materials and related usefulness did not apprictably change
during the study; however the students did Indicate a preference for a class
taught by 2 qualified physics teacher.

The results suggest that a Project Physics course using supplemental materials
similar to those developed for this project can be implemented for independent
study and that students will achieve as well as |f they studled the course with
the help of a qualified physics teacher.
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INTRODUCT ION:

This report describes the materials developed to supplement one unit (Unit 3,
The Triumph of Mechanics) of the Project Physics Course as a model for rede-
signing the whole course for independent study. The materials were deve loped
and tried ina pilot project under conditions similar to those envisioned for
their eventual use. The results of the pilot tryout are also included iri this
report. The objectives of the project were: (1) to develop the necessary
supplementary materials to implement one unit (four chapters) of the Project

Physics Course on an independent study basis using multi-media materials and

individualized according to students' interests and needs based on self evalu-
ation, (2) to evaluate the effectiveness of these materials and make the appro-
priate revisions of this unit so it can serve as a model for a large scale
effort to implement the complete Project Physics Course on an Iindependent study

basis, (3) towrite a proposal for the purpose of obtaining funds for develop-

ing and evaluating materials for implementing the entire course on an Iindepen-
dent study basis.

RAT IONALE :

The rationale for proposing this project was that numerous students are deprived
of the opportunity to enroll in a high school physics course because of the

acute shortage of qualified high school physics teachers. This shortage of
qualified teachers may have an effect in several ways. Some schools, particularly
small rural schools, offer no high school physics course at all because of the
inabllity of the school system to obtain a teacher capable of teachlng physics.
Other schools have a part time physlcs teacher - part time in that only part of
his teaching load is physics. Generally this person's major interest is in
another content area and he does not give priority to the physlcs program. He
generally lacks enthusiasm for teaching physlcs and covertly hinders the enroll-
ment of students in physics. A purpose of this project was to provide a means

for students to study physics without dependence upon a qualified physics teacher;
a non-physics teacher would be used to manage the course.

It was also envisioned that a qualified physics teacher could use the materials
produced to implement an individualized physics course. These materials supple-
menting the capabilities of a good physics teacher could greatly enhance the
effectiveness of the course.

PROCEDURES :

The Department of Science Education of Florida State University received a smal}
grant from the regional office of the U.S. 0ffice of Education during the 1971-72
academic year for this project. The primary effort in this project was the
development and evaluation of supplementary materials for Unit 3, The Triumph of
Mechanics, of the Project Physics Course so that this unit could be studied by
beginning physics students on an independent basis. The concept of Iindependent
study applied to this project was the studying of physics by students without the
resource of a teacher knowledgeable in physics. A proctor or program manager

was selected to supervise the students paéficlpating in the study. The unit was




tried out in a representative high school physics class at the University School
of Florida State University. -

The supplementary materials developed for the unit were lesson guides, cassette
tape recordings, flip-card presentations, chapter tests, and a management system.
There were approximately seven lesson guldes per chapter each covering one or

two concepts within the chapter. (See sample in Appendix.) Cassette tape
recordings were prepared to accompany each single concept film loop and each set
of transparencies for the unit. Several short topics were semi-programmed on
cards bound so that they could be '"flipped" by the student on cue from a tape
recording that narrated the topic. A system of record keeping was developed so
that the proctor could easily monitor the progress of individual students.

The students were introduced to the procedure of studying Unit 3 of the Project
Physics Course by a tape-slide presentation developed In the pilot project. The
proctor, an FSU senior student In psychology, was Introduced to the class as the
manager who would be responsible for monitoring their progress, checking out mat-
erials and equipment, and maintaining all essentlal classroom records concerned
with attendance, grading tests, etc. He was provided with appropriate instructions
relating to general school policies. The proctor did not have any previous teach-
ing experience. His content background was iimited to high school physics and a
college physical science course. Total control of the class was turned over to

him during the experimental period.

Lesson guides were handed out to students one at a time. Each lesson had

optional activities within it and also there were optional lessons within a given
chapter. When a lesson was completed, the student requested the self-evaluation
form from the proctor. At this tlme he checked off the assignments completed on
a time accounting sheet and entered the date he requested the self-evaluation.
Upon completing the self-evaluation exercise, the student made the decision to
either restudy the lesson or advance to the next assignment. When a set of lesson
guides representing a chapter of the Project Physics Course was completed, an end
of chapter test covering the objectives listed in the basic set of lesson guides
was administered to the student. The tests were composed of multiple choice and
other items requiring short written answers. Chapter tests were scored by the
proctor according to keys made availuble only to him. Individual student grades
were determined on the basis of a combination selected by the student of test
scores, optional lessons completed, and the time required to complete the chapter.

A time accounting sheet served as a record of the options elected by the student

as well as a listing of the completed activities which were required. The individ-
ual time accounting sheets were malntained In folders available to the students

at all times. Each student kept a log of his activities, reading notes, analysis
of experiments, and solutions to problems. The log or notebook was periodically
submitted to the proctor at his discretion for verification of entries on the

time accounting sheet,

The physics classroom where the pilot project was implemented contained carrels
equipped with audio-visual materials. Arrangement of the work areas was very flex-
ible allowing moveable tables which could be set up In ways suitable to the
students' needs and/or moods. -Laboratory equipment was arranged In kit form and
made available to students by request. Additional Instruction in the form of
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hand out sheets and tape-flip card presentations were prepared in order to
facilltate the use of the equipment.

Twenty different cassette audio-tapes were prepared to accompany the film loops
used in Unit 3 of the Project Physics Course. The tapes were stored on shelves,
along with the film loops, in carrels equipped with appropriate projectors. Ten
cassette audio-tapes were prepared to accompany transpariencies for Unit 3. Flive
tape-fiip card presentations were produced concerning derivations of physical
relationships and instructional procedures for laboratory exercises.

Evaluation of the Pilot Study

Both formative and summative evaluation techniques were used, formative for
identifying areas needing revision and summat]ve for comparing the achievement

of students in the content of Unit 3 of the Project Physics Course with a nat ional
sample,

During the initial development of materials, formative evaluation Information

was obtained by having two students work through the lessons as they were first
written. The students were closely observed by project staff members as they
worked through the materials. Revislons based on the performance of the students,
comments by the students, and observations of staff members were made before the
materials were piloted in a regular class. This technique proved to be a valuable
aid in identifying the errors and deficliencies in the first draft of the materials.

When the revised materials were plloted in the trial physics class the proctor
used a small cassette tape recorder to record the vocal Interactions and/or
questions occurring between himself and students. The purpose of this recording
related to an attempt to gather evidence on the nature of comments arising from
students which would indicate needs for additional media, a need for physics
knowledge on the part of the proctor, or needs for more adequate instructional
procedures. The final revision of the materials attempted to overcome any need

for a proctor knowledgeable in Physics and to make the materials themselves truly
independent of such a need.

The summative evaluation was based on the Unit Tests developed by the Harvard
Project Physics staff for the Project Physics Course. At the beginning of the
pllot program, students of the experimental class were administered test C (an
entirely multiple choice version) for Unit 2. This was given to establish the
entering behaviors of the students and to determine If the experimental class was
a representative high school physics class. The students had completed the study
of Unit 2 under the direction of a qualified physics teacher. Thus, It was
possible to compare the performance of the experimental class having regular
Iinstruction in the Project Physics Course Unit 2 with a national sample. For each
Item of test C on any unit of the Project Physics Course, the teacher's handbook
lists the proportion of the national sample correctly answering the item. The
results of this test showed that on the 40 item test for Unit 2, the experimental
group scored above the norm given by Project Physics on 21 of the items and below
the norm on 19 items. On overall achlevement, the class averaged 63.2% correct
while the norm given was 67.4%. From these results there was ho reason to beljove
the class was not a representative Project Physics class.




At the end of Unit 3 the experimental class was agaln tested using the Unit 3
test C. An item analysis was performed to evaluate the program and to provide
information for revision in the formative evaluation of the materials. The
experimental group scored higher than the norm given on the Project Physics test
C scoring key on 24 of the 40 Items and lower on 16 of the items. The class
averaged 64 correct on the test as a whole compared with 61 given as the norm.
The students performed slightly below the national norm on the Unit 11 test,
after their study of Unit 11, under the direction of a qualified physics teacher.
The same students performed above the natlonal norm on the Unit Il test after
their study of Unit 11l independent of the physics teacher and using the supple-
mentary materials for Unit Ill developed in this project. The results on these
achlevement tests indicate that students can learn the content of the Project
Physics Course with the ald of supplementary materials modeled in this project,
without the help of a properly qualified physics teacher and achieve as well as
the average student in a teacher-taught class.

An opinion survey was made after the students had been using the experimental
materials for about one and one-half weeks and agaln when they finished the unit.
The results of this gave both an over all reaction to the materials and method

and a ranking of the relative value of each classification of materials developed.
(See Appendix.)

The survey showed that the overall reaction of the class to the general format
of the matérials and related usefulness to thelr studles did not appreciably
change during the tryout of the program. Rankings assigned to the importance of
the features unique to the lesson guide dld not change; the resource guide was
rated as being the most helpful.

In terms of the Project Physics media for Unit |1 as supplemented by the
materials developed in this project the Inltlal survey rated the test as most
valuable. The second survey rated the transpai 2ncles as most valuable, which
certainly indicates the success of the manner in which the transparencies were
incorporated into the instructional scheme. Film loops and laboratory activities
were given the lowest rank In both surveys,

Responses to items concerning the various features of the lesson guide rated
the self-evaluation quizzes and resource guides about equal as the most helpful
parts of the lesson guides. The objectives stated for each lesson were given a

slightly lower rating. The overview statement introducing each lesson was given
the !owest rating.

Responses to items pertaining to the students' opinions about the independent
method of study as compared to a conventional class taught by a qualified teacher
Indicate a preference for the latter. The experlimental class was taught Units |

and |l by a qualified physics teacher prior to the beginning of the pilot program
and quite naturally would be biased on this respect.
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RESULTS:

(1) Students mean performance was near the national norm on tests over previous
units of the Project Physics Course and could study independently Unit iil of
Project Physics with the aid of supplementary materials without the assistance
of a qualified physics teacher and performed slightly above the natlional norm
on the test for Unit III.

(2) Students ranked the media used in the program for Unit Il of the Project
Physics Course as supplemented with the materials developed in this project in
descending order as follows: transparencies, text, Study Gulde Problems, film
loops, laboratory experiments.

(3) Students ranked the various features of the lesson guides developed in this
project for Unlt |1l of the Project Physics Course as follows: self evaluation
quizes and resourse guide about equal and the most helpful, then the lesson ob-
jectives as next and the overview statement as the least helpful.

(4) Students preferred a class taught by a qualified physics teacher over the
independent study approach when responding to the opinion survey.

CONCLUSIONS:

The supplemental materials to accompany Unlt iil of the Project Physics Course
were developed and tried in a regular classroom. The results suggest that the
Project Physics Course using supplemental materials similar to those developed
in this project can be Implemented for Independent study and students will achleve

as well as If they studied the course under the direction of a qualified physics
teacher.

A propcsal was developed and a draft copy was submitted to the Director of
Research of the Regional Office of the U.S. Office of Education for funds to
develop supplementary materials to accompany all units of the Project Physics
Course for its Implementation for Independent study. The proposa! Is in the final
draft stage and will be submitted for funding.

A1l three objectives as outllned In the Introduction of this report were thus
attained.
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I ndependent Study Project Physics Course
Opinion Survey

The lesson guides have four parts, an overview statement of the content of
the lesson, the objectives of the lesson, a resource guide and a self evaluation
quiz.. For each part as listed below are sets of opposite adjectives which.may
describe your fecling toward that part. Place an X with a pencil on the blank
which indicates 1he degrec to which one of the adjectives describes your feeling.
(Refer to the-accompanying iesson guide.) Piease consider each pair separately.
There are no patterns for responses.

I. The overview statement at the beginning of the lesson guide.

A. Useless - __ Helpful
B. Interesting _ _ _ _ _ Dull
C. Cilear . __ Confusing
D. Worthiess — _ _ _ _ _ Valuable
E. Important L Unimportant
F. Wasteful Productive
G. Easy  _ __ _ _ Difficult
H. Mysterious Understandable
2. The objectives stating what you should be abie to do at the end of the
lesson. . ‘ L
A. Valuable _ Worthless
B. Clecar - Confusing
C. Hard T Easy .
D. Wasteful  _ _ _ _ _ Productive
E. Boring _ Exciting
F. Undersiandasble™ _ _ — _ _  Mysterious
G. Unimportant o important
H. Complex - Simpie

3. The resource guide indicating the things to do in studying the iesson.

A. Ciuttered  _ _ _ _ _ Organized

B. Productive  _ _ _ _ _ Wasteful

C. Worthless — _ _ _ _ _ Valuable

D. Mysterious  __ _ _ _ _ Understandablie
E. Important  _ _ _ _ _ Unimportant

F. Effective  _ _ _ _ _ Ineffective

G. Confusing  _ _ _ _ _ ‘Clear

H. Complex —  _ _ _ _ _ Simple
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The Seif Evajuation Quizzes

A. Useful Useless

B. Simple T T TT7 Comp lex

C. Worthless ~— =~ 77 Valuable

D. lImportant T T T T T Unimportant i

E. Confusing ~~ 7~ Clear

F. Effective — 777 Ineffective .
G. Duil ) T Iinteresting

H. Wasteful  ——~~— Productive

i. Basy T ———7 Difficult

Your overall opinion of the lesson guide.

‘A Ineffective Effective
B. Useless R Useful

C. Ciear ____C Confusing
D. Compiex e _ Simpie

E. Vajuable ~ ™ Worth less
F. Understandable — — ~” _ Mysterious
G. Unimportant _ = Impor tant
H

. Successful Unsuccess ful

For cach part of the iesson guides as they are listed below in
pairs, select fcr each pair the one which was the most heipful
in your study. For exampie, the pair, overview statement and

objectives, if ycu feel that +the objectives were more valuabie
then the overview statement, circie objectives.

. Resource Guide - Objectives

. Self Evaluation Quiz - Overview Statement
. Resource Guide - Self Evaluation Quizzes
. Objectives - Seif Evaluation Quizzes

. Resource Guide - Overview Statement

. Objectives - Overview Statement

MMOOm>

The following things were used to help you learn the materiai
in Unit 111 of the Project Physics Course. The Text, fiim
loops, transparencies, study guide probiems, and laboratory
activities. These are listed in pairs beiow. Select from
each pair the one that was the most valuable in your study

of the unit (as you did in question six).

A. Text - Film loops
B. Fiim loops - Study Guide Probiems
C. Study Guide Probiems - Laboratory Activities
D. Text - Transpariences
E. Transpariences - Laboratory Activities
. F. Laboratory Activities - Text
G. Study Guidi: Problems - Text
H. Transpariences - Film joops
I. Study Guide Problems - Transpariences
J

Transpariences - Laboratory Activities
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How would you compare the independent Method of studying to fhe
methods used previousiy?

A.
8.
C.
D.
E.

The Independent method of studying physics made physics . .

Very much better.

Somewhat better.

No difference. o
Somewhat worse.

Very much worse.

. very difficult to learn.
3. somewhal difficuit to learn.
C. probably had the same amount of difficulty
as any meihod.
D. somewhot iess difficult to learn.
E. much jess difficult to learn.

How do you feel' about the independent study approach as it was

employed in Unit Iil of the Project Physics Course?

A. A very valuable learning experience.

B. A reasonably satisfying iearning experience.

C. Not much different than any other method of iearning.
D. A somewhat disappointing learning experience.

E. A very disappointing learning experience.

Do you think this is a good way to study physics?
A. Yes B. No

The following is the.same type of question as questions one through five.
Plecase indicate the degree of your feeling.

Your overail opinion of the independent Method of studying the
Project Physics Unit 1il.

buit Interesting
Unique Common
Weary Refreshing
Understandable _ Confusing
Harder _ _ _ _ _ tasier
Risky  _ _ _ _ _ Sure
Threatening _ _ _ _ _ Comforting
safe  _ _ _ _ _ Dangerous
Boring _ _ _ _ _ Exciting
Wasteful _ _ _ _ Productive
Joyful Gloomy
Efficient Inefficient
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RESOURCE GUIDE.

Chapter 9 Lesson 1 Time: 1 day

Conservation of Mass

Mass can te thought of as the quantity of,matter in something. For
centuries men have believed that the total amount of material in the
universe remains constant (is conserved). Although modified slightly
in certain reactions, this conservation law remains one of the basic
laws of science.

OBJECTIVES. When this‘lesson is completed, you should be able to:
1. when given statements by Francis Bacon and Antoine Lavoisier,
" identify the statements which pertain to scientific

principles that relate to the conservation of mass law.

2. compare the application of the conservation of mass law
in open systems to closed systems.

3. when given a list of physical descriptions, identify the
‘one which best describes mass. N

Do one of the following
Activities: (Handbook p 159)
a. Alka-Seltzer

b. Brightly Colored Precipitate:
c. Magnesium Flash Bulb .
Optional:

.Prologue to
Unit II pp 1-3

> e o

Renecens

Rd Sect 9.1 :’Ans Q1, QE! \JCheck Ans p 149

Text pp 5-8; “iand Q3 p 8 7back of Text

J

Self Evaluation

15




Chapter 9 . Lesson I Self Evaluation

1.

If 1 gram of hydrogen gas combines chemically with 8 grams of
oxygen gas in a closed ystem, there will be grams of water
produced. :

a. less than 9

b. exactly 9

c. more than 9
Mass is a

a. force.

b. volume

€. quantity of matter.

d. vector quantity ‘

The total mass remains constant in

a. an open system.

b. a closed system.

c.  both case a and case b.
d. neither case a nor b.

Select from the following statements those concerning the
conservation of mass law.

a. "All substances that exist now have existed in the past...”

b. "...In all operations of nature, nothing is created; and
each quantity of matter exists both before and after the
experiment..."

c. Volume is the fundamental unit of the quantity of matter.

d. "...The sum total of matter remains unchanged without
increase or diminution..."

16




Chapter 9 Lesson I Self Evaluation KEY

1. b
2, ¢
3. b
4, b and d

17




Chapter 9 Lesson 1V Time: 1 day
' (Optional)

Conservation of Momentum in Two-Dimensions

You learned that momentum is conserved for "head-on" collisions.
Since the moments vectors in this case always pointed along the same
line, this type of collision was called one-dimensional. The law

of conservatinn of momentum is general enough to apply in two or
three dimensions, however. This lesson will be concerned with

L collisioqs in a plane or two-dimensional collisions.

OBJECTIVES.

12. Given the masses and velccities of two objects colliding in

a two-dimensional collision, be able to show that momentum is
conserved.

13. Given the total momentum of two balls before a two-dimensional
coliision occurs and the momentum of one of the balls after

collision, be able to determine the magnitude and direction
of the momentum of the other ball.

14. Given that two objects collide in a two dimensional collision
determine any one unknown quantity (either mass or velocity)

before or after collision if all other values for the masses
and velocities are given.

RESOURCE GUIDE.

View film loops i
L 21: Two-Dimensional Collisions I !
L 22: Two Dimensional Collisions IT

P S . —
_ Do one of the following
g a@. Stroboscopic Photographs of Two-
? Dimensional Collisions Events .
8 or 10 Handbook pp 153-158 ‘
b. T 20: Equal Mass Two-Dimensional
Collisions

Do one of "the followirg —
:ta. Stroboscopic Photo Event
9 or 11 Handbook ”

pPp 153-158 L

b. T 21: Unequal Mass Two-
Dimensional Collisions | i

Take“-u\
Self Evaluation”

| Lo N,

]
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Chapter 9 . Lesson 1V | Self Evaluation

A 1 kg billazd ball (A) moving 5 m/sec in the direction shown in the
drawing below strikes a ball (B) of equal mass and initially at rest.
The collision is not "hezd-on" and ball(A) moves of f as shown.
Ball:(A) has a speed of 3 m/sec after collision. ’ '

target ball incident ball
‘ , after collision

. incident ball ‘
"bgfore collision

“,
K

.
N

1. .'Ball B has a speed of 4 m/sec in the direction
b.;P—>'. Co <Gm—ua dc, . . ec/l
\V4

2. The magnitude of the total momentum of balls A and B after ccllision it

Qe

-a« 5 kg m/sec b. 4 kg m/seec.  .c. 3 kg m/sec d. 0

3. The drawing at the e b dents Bl 2l
right is adapted . e elS™ Hiaes 2979
from a strobe photo .
where ball ) SAONVES o o ' . . .

toward ball Baand’ i 7;'-7('5 bt & . L—
collides with ball B. ey .

The flash rate is JK .

20 per second. Pre- : ,

pare a drawing which . Lol

shows the initial and R .

final momentum vectors. , - ° o ‘

Include on the drawing ‘-

the resultant momentum °

after collision. o '

«® o

.
'
L )




Chapter 9

4., Which
a.
b.
C.
: 5 d.

€.

a.
b.
c.

€.

d.

)

Lesson 1V Self Evaluation
Continued

of the following are true about the drawing for problem 32

Ball A moves slower after the collision.

Ball B moves with increased speed after the collislon has occurred.
The magnitude of momentum of ball A after collision added
to the magnitude of momentum of ball B after collision is
equal to the magnitude of ball A before collision.

‘The momentum of ball A before collision is equal to the
total momentum of balls A and B after collision.

All of the above statements are correct.

5. If the mass of ball A was doubled and the mass of ball B was
- doubled (referring to problem3)

the directions of motion would be different after collision.
only one ball could have moved faster after collision.

the drawing would show the same directions as before.

both b and ¢ are correct.

both a and b are correct.
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Chapter 9 Lesson IV Self Evaluation KEY

. A g .
1. 4 (see drawiné #1) ‘ dﬁ / .
2. a ] 7‘ . @ >

3. see drawing {2 : 4
4. a,ahd do" v .
5. ¢
-2 Momentum of Ball A
A before colllsion
Resultant Momentum ____ = - " X

< { ——Momentum of ball A |
after collision

(The total momentium : i \/‘/‘”/2
of the two balls -
after the collislon).

x

It is equal in magnitude Momentum of Ball B after
and has the same direction collision (shifted to thils
as the initial momentum of position to add to the

the system before collision. . momentum of ball A).




