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The problem of this study is a comparison of lab method 

films with traditional instruction in the introductory, 

non-technical college physics laboratory. 

A lab method film is described as a sound motion picture 

film designed to provide instructions for performing an 

experiment with specified equipment. Since no such films 

were available, six were produced for use in this study. 

Students who had been instructed by these films and performed 

the experiments involved responded anonymously to a question-

naire concerning each film, and the results were used as a 

guide for final revisions of the films. 

A Laboratory Achievement Test was constructed and 

administered in a pilot study, and revisions were made 

according to an item analysis. The test was refined in 

consultation with three experienced physics professors at 

North Texas State University and approved by them as being 

satisfactory for its intended purpose, The means on this 

test for three consecutive semesters were 52, 55> and 55 

per cent, indicating that the test produced consistent 

results for the type of laboratory student involved in 

this study. 
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All students enrolled In a non-technical general 

physics course for the fall semester of 1970 at North 

Texas State University were divided into experimental and 

control groups. Four laboratory sections were assigned to 

each group in such a manner as to balance morning against 

afternoon and Wednesday against Thursday sections. There 

were fifty-four experimental and fifty-three control students 

present to take the Laboratory Achievement Test. 

The experimental group was instructed by lab method 

films for six experiments, while the control group was 

taught traditionally. The Laboratory Achievement Test 

was administered at the end of the semester, and the means 

for the groups and sub-groups were subjected to a Fisher's 

t test for the significance of the difference between means. 

Specifically, comparisons of mean scores on the Laboratory 

Achievement Test were made for the following: experimental 

versus control students, experimental versus control males, 

experimental versus control females, experimental versus 

control students who had previous academic experience with 

physics, and experimental versus control students who had 

no previous academic experience with physics. 

Without exception, the experimental groups investigated 

had greater mean scores than the corresponding control groups; 

however, the differences were not statistically significant, 

with one exception. In the sub-group of students with 



previous experience in the study of Physics, the experimental 

students had a greater mean score than the control students 

at the 1 per cent level of significance. 

It was concluded that, in general, lab method film 

instruction and traditional instruction were equally 

effective for the students involved in this study. Also, 

it was concluded that the films were more effective than 

traditional instruction for students who had previous 

academic experience in physics; subsequently, it was recom-

mended that the study be reproduced except with students 

in technical physics courses, in which the ratio of experienced 

to inexperienced students should be greater than in non-

technical courses. It was recommended that additional lab 

method films be produced and that the study be reproduced 

using a greater number of films. One long-range potential 

benefit of lab method films is that they could provide 

independent instructions for students in an open laboratory 

organization, i_.£« one in which students have some choice 

about what, how, and when they investigate. It was recom-

mended that the open laboratory organization be studied 

when a sufficient number of films is available. 
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CHAPTER I 

INTRODUCTION 

Providing meaningful laboratory experiences has long 

been recognized as one of the more perplexing problems of 

science instruction. Some science teachers believe that an 

organizational structure which provides students with an 

opportunity for choice concerning what, how, and when they 

investigate is desirable. Perhaps it is better than one 

which requires groups of students to do the same experiment 

simultaneously by essentially the same method, according to 

a prescribed recipe and predetermined time schedule (10). The 

former may be referred to as an "open" laboratory organization 

and the latter as a "traditional" laboratory organization. 

While there are many problems common to both types of 

organization, providing adequate instructions for carrying 

out various investigations with little or no direct instruction 

is a problem uniquely associated with the open laboratory. 

An effort to accomplish this in biology has been made by 

Postlethwait of Purdue University. In essence, his technique 

is to provide written instructions supplemented by such media 

as tape recordings and motion pictures (9)* Thus, his 

students may conduct investigations independently or with a 

minimum of direct instruction. 



Laboratory Method Films and 
the Open Laboratory 

Postlethwait's method seems adequate for the exercises 

commonly done in the introductory biology laboratory (12); 

however, in the physics laboratory, students must use an 

apparatus specially designed for a certain experiment, and 

Postlethwait's instructional media may not be adequate 

under these circumstances. Laboratory instructors in physics 

normally demonstrate equipment utilization when students are 

unfamiliar with its special features. These demonstrations 

often require time-consuming routine adjustments; during 

such times, the students' attention to the central issues 

.... . •».. . 1 ... , 

hiclj 1U0O • 

Motion picture films with sound which provides instructions 

for performing certain experiments with specified apparatus 

may be called "lab method" films. Such films may be adequate 

substitutes for the oral instruction given by the instructor 

in a traditionally instructed laboratory, • These films could 

require less time of the students, since films need not include 

routine procedures; furthermore, it is possible that films 

could provide a better understanding of the central issues 

of an experiment than does traditional instruction. In 

addition, lab method films could provide the independent 

instruction needed for an open laboratory organization. 

Thus, it is potentially beneficial to have a series of lab 

method films, but none are commercially available at this 

time (4» 5). 



In 1967, the Commission on College Physics suggested 

that lab method films could be very beneficial to physics 

education and that equipment manufacturers should be encouraged 

to produce such films (3 ) . It appears there has been no 

response to the Commission's suggestion; therefore, it is 

desirable to undertake studies of the effectiveness of lab 

method films. The results of studies could provide incentives 

for future production of such films. The availability of 

lab method films could lead to an improved traditionally 

organized laboratory or to an open laboratory organization, 

and ultimately to significant advances in science education 

in general. 

Problem and Purpose of the Study 

The problem of this study was a comparison of lab 

method films with traditional methods of instruction in 

the introductory college physics laboratory. The purpose 

of this study was to determine the instructional effective-

ness of lab method films by comparing the achievement of 

students who used such films with the achievement of those 

who received traditional instruction. 

Hypotheses 

The students enrolled in an introductory, non-technical 

college physics course, Physics 131*at North Texas State 

University for the fall semester of 1970, were divided 

into experimental and control groups. The experimental 
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group was instructed utilising lab method films,and the 

control group was instructed traditionally without the aid 

of such films. 

At the end of the semester, a Laboratory Achievement 

Test was administered to all students involved, and mean 

scores on this test were computed for each group and sub-

group. To facilitate accomplishing the purposes of this 

study, hypotheses concerning these mean scores were-

developed as follows: 

1. The mean score on the Laboratory Achievement Test 

for the experimental group will be significantly greater 

than for the control group. 

.-•% rv» r- v* r* f% /•* <f\ *-rv n "J / v r * ;*«,«, v* r- 4- «* y \ 
# J* JLfe'w ««• W W Jk Wl v i -»*•« 4 ̂  A & wJu, jf* 

will be significantly greater than for males in the control 

group. 

3. The mean score for females in the experimental 

group will be significantly greater than for females in the 

control group. 

4. The mean score for students in the experimental 

group who have previous academic experience in physics will 

be significantly greater than for students in the control 

group who have previous academic experience in physics. 

5. The mean score for students in the experimental 

group who have no previous academic experience in physics 

will be significantly greater than for students in the control 

group who have no previous academic experience in physics. 
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Limitations 

This study was limited to students enrolled in Physics 

131 at North Texas State University during the fall semester 

of 1970. Such limits insured control of related topics 

studied by students in their respective lecture sections. 

Strictly speaking, the results of this study cannot be 

generalized beyond the sample studied; however, certain 

extrapolations may be feasible when the same type of experi-

ments are used at the senior high school level or the intro-

ductory technical college level. To insure the availability 

of lab method films and related apparatus, the experiments 

involved were limited to those in mechanics and heat which 

have been done frequently in recent years at North Texas 

State University. In addition, the study was limited to 

students attending at least SO per cent of the periods 

during which lab method films were used, insuring that the 

two groups had an opportunity to be influenced by the 

respective methods of instruction. 

Basic Assumptions 

Since there was no preferential or selective treatment 

of students registering for the physics laboratory, a 

particular student was as likely to enroll in one laboratory 

section as in any other,and it was assumed that the only 

factors which influenced a student * s choice of laboratory 

section were time of day, day of week, and number previously 



enrolled. This assumption was necessary,since it was 

impossible to control enrollment factors other than the 

scheduled time and the maximum and minimum number enrolled 

per section. 

It was assumed that the lecturers and instructors 

appointed by the departmental chairman were competent to 

perform their duties and were impartial in their treatment 

of students. Since the same Laboratory Achievement'Test 

was administered at different times to all students involved, 

it was assumed that students were honest and neither gave 

nor accepted information pertaining to the test. It was 

further assumed that there were no unusual factors such as 

tsi'iVii'UiLu8iita.1 COuuiLiuuS of uOiots ui' o6iUjjfcrcitUi'>0 which 

unequally influenced student achievement. 

Definition of Terms 

Definitions for the purpose of this study are as 

follows: 

1. A traditional organization for the physics labora-

tory is one in which students are required to do the same 

experiments by essentially the same methods according to 

a predetermined time schedule. Typically, a laboratory 

section will meet once a week and all students participate 

in the same exercise. 

2. An open organization for the physics laboratory 

is one in which the student exercises some choice concerning 
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what, how, and when he investigates; _i..e., he selects the 

experiment to be done from a list of possibilities; he 

exercises some independent judgements in deciding"details of 

procedure and analysis; and he chooses, within some suitable 

framework, the time he works on his choscn experiment. 

3. Traditional instruction provides instructions for 

performing experiments in detailed written form which may-

be supplemented orally or by demonstrations of equipment 

utilization. Typically, such laboratories are instructed 

by student assistants. 

4. Audio-visual or filmed instruction provides 

instructions for performing experiments through the medium 

of lab liieohod films,which iaay be aupplwiaeuoeu wioh wxiooeii 

and/or oral instructions. Student assistants may function 

as consultants to students performing experiments. 

5. A lab method film is any sound motion picture film 

designed to discuss and describe procedures for performing 

a certain experiment with specified apparatus. An example 

of a lab method film would be one whi ch discusses the 

theory and significance of the acceleration due to gravity 

and describes a method for its measurement using Cenco's 

Free Fall Apparatus. 

6. A laboratory achievement test is an instrument 

designed to measure students' familiarity with one or more 

of the following aspects of some specified group of experiments: 



theory, apparatus, data interpretation, procedures and/or 

sources of error. 

7. A film evaluation questionnaire is an instrument 

designed to ascertain if, in the opinion of students who 

have viewed a certain lab method film and performed the 

experiment discussed, the film is pedagogically adequate 

in scope, design, and technical detail. 

3. An experimental group consists of students enrolled 

in a traditionally organized, audio-visually instructed 

physics laboratory. 

9. A control group consists of students enrolled in 

a traditionally organized and traditionally instructed 

physics laboratory. 

Background and Significance 

The revolutionary impact of the first Sputnik on 

science education is well known. The impetus to search 

for more effective means of providing our society with 

greater scientific literacy and an adequate supply of 

competent scientists has come from many sources. Notable 

among these sources are the National Science Foundation 

and specialized groups such as the Physical Science Study 

Committee, the Commission on College Physics, and the 

American Association of Physics Teachers. 

The practicing science teacher has been bombarded 

with new materials and innovations, some of which have 



been tested in only a minimal way. To a great extent, 

the individual teacher is forced to rely on his own 

suppositions concerning the suitability of new schemes. 

The virtual panic following the Sputniks has subsided. 

Some of the schemes advanced during that time have weaknesses 

revealed by experience in the classroom and laboratory. Thus, 

it is appropriate to consider systems which unite time-tested 

techniques with those developed more recently. 

The organizational structure of introductory physics 

courses is, in some cases, such that the nature of scientific 

endeavor is not experienced by the student, At a large 

university or college, multiple lecture sections may be 

taught by different instructors; and the content and 

emphasis may vary appreciably from one section to another. 

Also, there may be considerable diversity of opinion con-

cerning the role and emphasis of laboratory work related to 

the course (7). Multiple laboratory sections are usually 

taught by student assistants and supervised by a regular 

faculty member, who may or may not be one of the lecture 

instructors. The laboratory sections are rigidly scheduled, 

and the supervisor must find exercises which fit this 

schedule by compromising the laboratory content to suit 

desires of all the lecturers. Within this rigid structure, 

the student is expected to experience the union of theory 

and experiment, which is the basis of scientific endeavor. 

Although such laboratory experiences do benefit students 
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in many ways,- students cannot function within a scientific 

framework because of the lack of flexibility in available 

experiments and scheduling. 

It has been suggested that students should experience 

science as a human endeavor — to be scientists for a day — 

even if the material being studied was developed many years 

ago (11). This implies that students should have some 

freedom of choice about what, how, and when they investigate, 

i_.£.,freedom comparable to that available to practicing 

scientists. This concept also suggests that students should 

pursue some investigations without knowing in advance what 

outcomes to expect or what technique to use and thus gain 

scientific insight by improving their own procedures. In 

other words, students should approach some experiments on 

their own initiative; thsv should be permitted to make errors 

which require imaginative revisions that illustrate some of 

the rewards and difficulties which frequently accompany the 

practice of science. This concept has immediate implications 

for the structuring of an introductory physics laboratory. 

The traditional laboratory organization requires that 

all students do the same experiments by essentially the same 

methods according to a predetermined semester schedule. 

Typically the instructions are provided in written form, 

complete with a data table, which needs only to be filled in 

by following a prescribed recipe. These instructions are often 

accompanied by demonstrations of equipment utilization when • 
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the apparatus involved is unfamiliar to the students. In 

an extreme case a student may gain the approval of his 

instructor by simply following the recipe, filling in the 

blanks, and concluding that the stated objectives were 

accomplished. In such a case the student has not exercised 

independent thought or fully appreciated what he did. The 

student's experience is drastically different from that of 

a practicing scientist. 

Ideally, if students are to experience the freedoms 

and frustrations inherent in the scientific endeavor, they 

should have some choice about circumstances under which 

they investigate. Laboratory organizational structures 

designed to accomplish this are calxed open .Laboratories. 

Such organization would allow students to select the 

experiment to be done from a list of possibilities, decide 

some of the procedural details, and choose a time to perform 

the experiment. 

One difficulty in an open laboratory operation is 

providing students with adequate instructions without 

imposing severe work loads on the instructors. Since students 

would choose various times to perform a certain experiment, 

and since various experiments would be in progress simul-

taneously, it would not be feasible to expect the instructor 

to provide oral instructions or demonstrations of equipment 

utilization under these circumstances. Instead, the 

student should'receive basic instructions for performing 
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an experiment independently of the instructor and class 

schedule. These independent instructions could bo provided 

through audio-visual media and the instructor could 

function in a consultant capacity for students performing 

selected experiments. The use of an audio-visually 

instructed, open laboratory organization would have impli-

cations for students and supervisors as well as for facilities, 

equipment needs, and scheduling. 

As compared to the traditional laboratory, the open 

laboratory organization could require less floor space 

but utilise this space more hours per day. On the other 

hand, with audio-visual instruction, viewing booths would 

be required,so that students could view films without 

interference from other students. Such booths would not 

occupy significant space if incorporated into the regular 

work tables. 

While the open laboratory could require a greater 

variety of equipment, fewer sets of each could be required 

than in the traditional laboratory organization. Further-

more, each set of equipment could be used more frequently, 

since it would be available for longer periods of time. 

For a given number of students, the open laboratory 

could require longer periods of supervision; however, with 

independent instruction,the instructor, functioning as a 

consultant, could work with a greater number of students 

simultaneously. At times when he is not needed by students, 

the consultant could read reports or make routine repairs 
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to equipment. At such times he could also devote attention 

to the development of new or modification of existing 

experiments. 

Teaching qualifications would not be prime considerations 

in the selection of laboratory consultants$ since consultants 

would not be responsible for the initial presentation of 

background, theory, and procedures. The role of a consultant 

would demand that he be familiar with all the available 

experiments,so that he could assist students with details. 

Furthermore, the scheduling of student instructors would 

be flexible,since the open laboratory schedule would not 

necessarily be related to the regular class schedule. 

rVequ^jioly, in tlie tî dxtxoij.cil iciuoratoi'y oi'̂ aiiizctcioii, 

several instructors must be prepared to present essentially 

the same discussion to different sections at different times. 

This duplication of effort could be eliminated with audio-

visual instruction. 

The open laboratory would be listed on the schedule 

of classes as "to be arranged." From the point of view of 

the student, this flexibility in scheduling could be 

advantageous, and it could be desirable from an adminis-

trative point of view. The number of hours the laboratory 

is kept open could be adjusted during the semester to suit 

enrollment changes. Free time thus created for the consul-

tants could be utilized in constructive activities,as 
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indicated previously. This flexible scheduling could tend 

to eliminate the under-enrolled or over-enrolled laboratory-

section,which often occurs in a traditionally scheduled 

laboratory. 

From the point of view of the physics lecture 

instructor, certain experiments could be specified for 

his students,resulting in better correlation between his 

lecture and the laboratory than is normally possible with 

the traditional organization. In the open laboratory 

organization there would be little need to debate which 

experiments to include,since all those available could be 

provided as options. The open laboratory organization 

woiiXd not require fvqi!^.t dtt3 to ti^tbook or* 

lecture instructor changes,since a variety of experiments 

would already be available. 

From a pedagogical point of view,the open laboratory 

may be superior to the traditional laboratory. A properly 

designed film series could be instrumental in helping 

students evolve to a greater independence in experimental 

design and equipment utilization than is typical in the 

traditional organization. Also, students would be in a 

position to select those experiments which are most meaningful. 

Furthermore, audio-visual instruction would save significant 

amounts of time for the well-prepared student as compared 

to traditional oral instruction or demonstration. The 

student who experiences difficulty with laboratory work 
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should find .the immediate review feature of films beneficial. 

In addition, the consultants and supervisors for open 

laboratories could work on an individual basis with students. 

That is, an audio-visually instructed, open laboratory 

would'not be a "machine taught" laboratory but rather 

one in which the consultant has ample time to work with 

individual students. 

There remains the problem of providing adequate 

instructions whi ch can be received independently by the 

students. Written instructions may be supplemented with 

tape recordings, photographs, oral discussion and/or 

demonstrations; however, complications arise when students 

are engaged in different activities simultaneously or the 

same activity at different times,especially when students 

are not familiar with the apparatus involved. 

An open laboratory scheme has been used in biology 

by Postlethwait of Purdue University which he calls an 

"audio-tutorial or A-T" system (&). His method utilizes 

multi-media, audio-visual materials as suggested above. 

His systera has attracted nationwide attention and his 

materials are available commercially through the Burgess 

Publishing Company (1). 

A study by Russell indicates that the A-T system may 

not be as effective as was supposed by some. In general, 

Russell's conclusion was that no significant improvements 

were found when students enrolled in an A-T course were 
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compared to those enrolled in a traditional course; however, 

he did note that students seemed to prefer the A-T approach. 

Also, he noted that females seemed to respond to the A-T 

course with greater enthusiasm than did the males (12). 

Thus,'Postlethwaitf s A-T system appears to be adequate for 

biology laboratory instruction and offers the advantages of 

the open laboratory approach. 

While the A-T system is advantageous for biology, it 

could have serious limitations in physics,due to the greater 

diversity and complexity of equipment involved. Introductory 

biology students ordinarily use the same basic equipment 

throughout a semster. On the other hand, in the introductory 

physics laboratory, students often utilize an apparatus 

specially designed for a particular experiment; and they 

may not be familiar with its operation. For this reason, 

physics laboratory instructors sometimes feel compelled to 

demonstrate certain procedures for an experiment before 

allowing students to proceed. During these demonstrations 

the students' attention to the central issues may be lost 

while routine procedures or adjustments are being carried 

out. In addition, it would not be practical to demonstrate 

equipment utilization in an open laboratory organization, 

since a variety of experiments could be in progress simul-

taneously. 

Motion pictures with sound could be used to replace 

the laboratory instructors' oral discussions and demonstrations 
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of procedures for an experiment. Sound movies designed 

for the purpose of providing instructions for performing 

a certain experiment with specified apparatus are. called 

lab method films. They are in a special category of a 

more general type known as single-concept or single-topic 

films. 

A series of lab method films could provide the basic 

instructions for an academic year of open laboratory 

operation in introductory physics. During a semester, 

students could view films for more experiments than they 

actually perform. For example, a student might check out 

five films,from which he could select two or three experi-

ments to be done during a three-week period. Thus, students 

would be acquainted with several experiments but actually 

participate in data collection for only a few. While lab 

method films are not designed to replace the actual performance 

of an experiment, it is possible that the acquaintance with 

a greater number of experiments could benefit students more 

than does the traditional approach. 

The long-range potential benefit of lab method films 

is that they could provide instructions for an open lab-

oratory operation; however, they could provide immediate 

benefits when used in a traditionally organized laboratory. 

Such films could provide a uniform quality of instruction 

for all students enrolled in a course. If used as a 

substitute for traditional oral instructions, films could 
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save significant amounts of time which students could devote 

to greater care in data collection or related studies and 

perhaps even allow a shorter period of scheduled time in the 

laboratory. The time advantage of films is possible because 

there is no delay for routine adjustments as may be required 

for demonstrations. As supplements to traditional instruction, 

lab method films could be useful in allowing capable students 

to perform a more sophisticated experiment than is routinely 

done. They could also be used as the instructional means 

for make-up work when the student is absent. 

From a psychological point of view, lab method films 

used in either the open or traditional organization could 

serve to reduce some of the potentially threatening elements 

of academic laboratory work. For example, tensions which 

may develop as a result of a rigidly specified weekly schedule 

could be reduced by allowing students flexibility in arranging 

make-up work. Also, the time saved by using lab method films 

could contribute to easing the threat of being unable to 

satisfactorily complete an experiment within the allotted 

time (2). 

The Commission on College Physics, in recognizing the 

potential benefits of lab method films, said: 

The first use is in displaying to the student 
. the apparatus he is about to use — how its parts are 
related, what sequence of operations is appropriate to 
it,^and what precautions the student should observe . . . , 
It is easy to see-the extension to more sophisticated 
ideas . . . . One way to think of such films is as 
filmed instruction booklets, supplementary to written 
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instructions. Pursuing this way of thinking, it seems 
clear that apparatus manufacturers might be encouraged 
to produce such films as adjuncts to their instructional 
manuals • * » . Such films would serve as valuable aids, 
and would in some cases even replace the work of graduate 
assistants in the laboratory (3, p. 13)• 

The Commission also pointed out that lab method films or 

"filmed instruction booklets" could provide the instructional 

means for an open or "self instructed" laboratory and 

indicated some of the advantages of this type of organization (3). 

One must conclude that an open laboratory organization 

is potentially advantageous and that a series of lab method 

films could be instrumental in making it a reality. Also, 

lab method films are potentially advantageous if used only 

in replacing or supplementing the regular instructor in a 

traditionally organized laboratory. Therefore, studies of 

the effectiveness of lab method films are desirable. To 

date, no such studies have been carried out for lab method 

films in physics,and it appears that there are no specific 

guidelines for their design, production, or utilization. 

A letter from John M. Fowler, Director of the Commission on 

College Physics, confirmed the above circumstances as follows: 

I believe that a project to test the effectiveness 
of "filmed instruction booklets" for laboratory apparatus 
would be very beneficial. There has as yet been very 
little experimentation in this area that I am aware 
of (5). 

The first steps in initiating an audio-visually instructed 

laboratory, whether open or traditional in organization, 
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would be to produce a pilot serf.es of films. The pilot 

series could then be used to study utilization techniques 

and effectiveness which would, in turn, influence future 

design and production techniques. Such studies could 

influence commercial film producers and/or apparatus 

manufacturers to begin production of lab method films. The 

availability of such films could have a significant, far-

reaching effect on physics education in particular and 

science education in general. 

Brief Description of the Study 

The basic plan for this study was to produce several 

Xcilo HI 0 "tiled. £*!..,"Lire > "I1 SO "^10 3 0 r-nt,.q 1 rj p y) 

introductory physics laboratory, and compare the achievement 

of students who use these films with the achievement of 

students taught traditionally. This plan was executed 

over a period of two years in a series of phases described 

in detail in Chapters III and IV. A brief description of 

each phase is as follows: 

(1) Laboratory apparatus was set up in the studios 

of a local television station, where all production work was 

carried out. Each film provided a discussion of some part-

icular experiment and instructions for carrying out that 

experiment. The films used in the study were black and 

white, sixteen millimeter, optical sound films. 

(2) Upon - completion of initial production of a 
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particular film, it was used by a limited number of students 

enrolled in Physics 13-1 Laboratory at North Texas State 

University. These students were observed by their instructors 

as they carried out that particular experiment to determine 

what, if any, points were made clear by the film. Students 

were asked to comment directly to their instructor regarding 

the strengths and/or weaknesses of the film. Also, students 

who viewed the film responded to a film evaluation form and 

wrote specific comments concerning that particular film. 

These observations, evaluations, and comments were used as 

bases for making editorial revisions to the film. 

(3) Six laboratory method films were produced by the 

procedures indicated above. The first two films produced 

were evaluated by several different groups of students. 

These evaluations and the results of general research on 

motion picture films were used as bases for establishing 

design and production criteria. A pilot study was conducted 

during the summer of 1970, utilizing all the films, with all 

the students enrolled in Physics 131 at North Texas State 

University. Students completed the film evaluation form for 

each film and were tested by a laboratory achievement test. 

Results of the pilot study were analyzed and used as bases 

for final revision of the films and for refinement of the 

test. 

(4) The enrollment in Physics 131 at worth Texas State 

University is greatest during the fall semester, so the fall 
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semester of 1970 was selected for data collection. The 

students registered for this course and the laboratory 

instructors were selected in the usual manner. Sight 

laboratory sections developed with approximately twenty 

students enrolled in each. These eight sections were divided 

into four control and four experimental sections in such a 

manner as to provide nearly equal numbers of control and 

experimental students. Also, time of day and day of week 

were paired between control and experimental sections. The 

control sections were taught traditionally, and the experi-

mental sections were taught with lab method films for six 

periods during the semester. A laboratory achievement test 

was administered to all students at the end of the semester 

and analyzed at the North Texas State University Computing 

Center. A Fisher's t test for the significance of the 

difference between means provided the data for testing 

hypotheses. 

ig 
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CHAPTER II 

SURVEY OF THE LITERATURE 

In 1$93» motion pictures were shown at the World's 

Fair in Chicago. They attracted attention only as a 

curiosity, and the inventor, Thomas A. Edison, did not 

consider their value sufficient to warrant foreign patents 

(43, p. 35). 

The Origins of Audio-
Visual Instruction 

About thirty years after the firct exhibition of 

motion pictures, Weir asked Edison what he considered the 

mission of films to be. Edison responded: 

First, to make people happy - to bring more joy and 
cheer and wholesome good will into this world of ours 
. . . . Second - to educate, elevate, and inspire. I 
believe that the motion picture is destined to revolu-
tionize our educational system, and that in a few 
years it will supplant largely, if not entirely, the 
use of text-books in our schools. Books are clumsy 
methods of instruction at best, and often the words 
of explanation in them have to be explained . . . . 
It will make a more alert and more capable generation 
of citizens and parents . . . . I do not believe that 
any other single agency of progress has the possibilities 
for a great and permanent good to humanity than I can 
see in the motion picture (43> p. $5). 

Edison's great optimism for the future of motion pictures 

may be contrasted with a note of pessimism in a statement by 

David . Griffith, producer of the movies, "America" and 

"The Birth of a Nation." In 1924, Griffith wrote in an 
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otherwise optimistic article entitled "The Movies 100 

Years from Now" as follows; 

On the other hand, I am quite positive that when a 
century has passed, all thought of our so-called 
speaking pictures will have been abandoned. It will 
never be possible to synchronise the voice vrith the 
pictures. This is true because the very nature of the 
films foregoes not only the necessity for but the 
propriety of the spoken voice (15, p» 7). 

Griffith predicted color and stereo pictures which could 

be viewed in trains, ships, and airplanes and generally 

shared Edison's optimism for the future of motion pictures. 

Ironically, it was only four years after Griffith's prediction 

when sound on films became a reality. , Griffith also 

predicted as follows: 

Just as the old English debtor's prison was wiped out 
by education, so will armed conflict be • wiped out by 
education . . . and I may add that almost all subjects 
in our schools will be taught largely with the use of 
picture play and the educational animated picture 
(15, pp. 7 and 28). 

Apparently Griffith's expectations were based on 

visual education; Edison's expectations were based on a faith 

in technology and inventive genius which would give teachers 

a very realistic audio-visual device for the classroom. 

These men were not professional teachers; yet, their 

visions involved education through motion pictures. Despite 

Edison's faith in technology, he could not fully anticipate 

the day when it would be entirely feasible for a classroom 

teacher to produce a motion picture with sound. Neither 
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could he fully anticipate the ease with which instant 

replay through magnetic recording is accomplished. What 

predictions would such men make today, considering today1s 

technological advances? 

Sound film was still considered a dream by some 

when: 

The first large scale research on the educational 
effectiveness of motion pictures was undertaken in 1919 
. . . by Karl S. Lashley and John B. Watson • . . . 
The setting was World War I. The characters were 
personnel of the U. S. Army. In addition to its 
dramatic content, factual information on venereal 
disease was also included in the film . . . . In 
general the film was found to be effective in conveying 
information . . . (39* Chap 2, p. 1). 

The above research was concerned with mass education 

through 35 millimeter silent films; however, the results 

are similar to those obtained by many researchers since 

that time. 

Early in 1923f Eastman Kodak Company demonstrated 

16 millimeter black and white reversal (which is less 

expensive than the negative-positive type) motion picture 

film and, in 1923, introduced Kodacolor to the public. [ 

Alexander Victor made sound on 16 millimeter films a commercial 

reality in 1932 (39, pp. 20-33)• Regarding educational 

research of this era, Wagner in the book, Sixty Years of 

16 mm. Film. 1923-19&3* had this to say: 

After its first dramatic introduction, the 16 mm. 
film was subjected to literally hundreds of doctoral 
dissertations - all testing and proving the same thing 
in a variety of ways: namely, that a good film, 
together with a good teacher or speaker, communicates 
more to any audience than a good teacher or speaker 
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without said film. Between the time this conclusion 
was reached in such definitive studies as those made 
by Freeman and McClusky in 1922 and 1923 f and the 
successful application of the idea on a broad scale 
in 1942, twenty years had elapsed (39, p. 10). 

The successful application to which Wagner referred was 

the use of motion picture films in military training 

related to World War I I . 

Film Research Through 1950 

Koban and van Orraer published an extensive survey 

summarizing the research related to instructional films 

from 191& through 1950 . Their reference list includes 

almost 300 items dealing largely with experimental or 

survey studies of the educational influences and effectiveness 

of motion pictures. When this alphabetical list is rearranged 

in chronological order, it can be determined that almost as 

many studies were conducted during the three year period 

when sound on film was being developed as occurred during 

the previous twenty years. Also, this list reveals that 

a similar increase in research activity began again with 

the onset of World War I I ( 1 6 ) . The necessity for mass 

training for war provided a great impetus to both research 

and the utilization of instructional films. 

Regarding film research activity prior to World War II, 

Wittich and Fowlkes point out that a list of pioneers 

representing the era from about 191$ to 1924 would include 

Sumstine, Weber, McCloskey, and Freeman. From about 1924 
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through 1930, a second period of research v/as marked by the 

work of Freeman, Knowlton, Tilton, and Wood. Another cycle 

of experimental research, prompted by the advent of sound 

on film, was marked by Consitt, Arnspiger, Clark, Roulon, 

Westfall, Wise, and Hansen (45, pp. 6-7). 

Wittich and Fowlkes described the work of the above 

men as follows: 

The researches just cited have stood the tests 
of time, of the application of these techniques to 
closely allied subject matter areas, and of the 
examination and criticism of other research workers 
(45, p. S). 

The authors then proceed to state twelve questions pertaining 

to instructional films which were answered in a satisfactory 

manner by these early research efforts. These questions 

are also treated in Hoban and van Ormer's study,which, 

twenty years after its completion, is still one of the most 

respected documents in its field. 

In i960, Allen testified to the value of Hoban and 

van Ormer's work as follows: 

However, the most comprehensive analysis to date 
was the 1950 report prepared . . . by Hoban and van 
Ormer, Instructional Film Research: 191&-1950. This 
report serves as an" irreplacebXe~benchinark Tro"m which 
any subsequent review must take its direction, and it 
should be in the library of every serious student of 
AV communication (1, p. 116). 

The organization of Instructional Film Research: I91&-1950 

is such that it is helpful to a practitioner interested 

primarily in the design, production, and utilization of 
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instructional films. The authors provide a brief resume 

of related studies and summaries of their meaning. Fifteen 

such summaries in various categories are provided. In 

addition, Ho ban and van Orcier' s final chapter is a statement 

of instructional values, principles, and observations which 

constitute useful guidelines for the practicioner. This 

summary represents the residue of film research through 

1950. Concerning the values of instructional film,- Hoban 

and van Ormer say: 

(1) People learn from films. They can learn 
factual knowledge, concepts, motor skills, attitudes, 
and opinions . . . . 

(2) People learn more in less time and are 
better able to retain what they have learned . . . . 
Horeover, when xilxfls are used aud Ib&g&xa&gd vvith 
other instructional procedures and materials, more 
1earning results from the combination than from either 
medium alone . . . . Films used alone, or in combi-
nation with other instructional methods are in many cases 
superior to purely verbal methods of presenting facts 
. . . nevertheless,~"T~. . there is nothing in a 
motion picture presentation, per se, that guarantees 
better learning . . . . 

(3) Several research studies indicate that 
certain instructional films are likely to stimulate 
such activities as discussions, voluntary reading, 
investigations, art work, and the like . . . . 

(4) Certain films may facilitate thinking and 
problem solving • . . . The experimental evidence from 
at least four carefully controlled studies indicates 
that films aid in promoting comprehension, or under-
standing to a greater extent than they do the learning 
of specific facts of a rote memory nature . . . . 

(5) Appropriate films are equivalent to at 
least an average teacher, and sometimes even to an 
excellent instructor insofar as the instructor's 
function is coxommiieating the facts or demonstrating 
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the procedures presented in the film . . . . This 
value has at least three important applications: 
(1) good films may improve the effectiveness of poor 
teachers in instructing classes; (2) films can sub-
stitute for the instructor . . . (3) the wise use of 
film instruction can, to some extent, save the teacher's 
time and energy for situations where face-to-face 
leadership, individual instruction, and personal 
guidance are required (16, Chap 9» pp. 1-2). 

Hoban and van Ormer continue their summary with ten 

principles governing the influence of films and discuss 

the implications of each principle. These principles are 

as follows: 

(1) Films have greatest influence when their 
content reinforces and extends previous knowledge, 
attitudes, and motivations of the audience. They 
have least influence when previous knowledge is 
inadequate, and when their content is antagonistic 
or contrary to the existing attitudes and motivation 
of the audience * . . . 

(2) The influence of a motion picture is more 
specific than general . . . . 

(3) The influence of a motion picture is greater 
when the content of the film is directly relevant to 
the audience reaction that it is intended to influence • • • 

(4) Reactions to a motion picture vary with 
most or all of the following factors: film literacy, 
abstract intelligence, formal education, age, sex, 
previous experience with the subject, and prejudice 
or predisposition toward the subject » . . . 

(5) The influence of a motion picture is 
primarily in the strength of the visual presentation, 
and secondarily, in the narration or commentary. It 
is relatively unaffected by "slickness" of production 
as long as meaning is clear . . . . 

(6) An audience responds selectively to motion 
pictures, reacting to those things which it finds 
familiar and significant in the pictorial context in 
which the action takes place « . . . 



31 

(7) Individuals respond to a motion picture 
most efficiently when the pictoral content is subjective 
for them . . . . 

($) Rate of development influences the instructional 
impact of a motion picture on its audience. • . . 

(9) Established instructional techniques, properly 
built into the film or applied by the instructor, sub-
stantially increase the instructional effectiveness of 
a film . . * 

(10) The leadership qualities of the instructor 
affect the efficiency with which his class will learn 
from the film. . . . (16, Chap 9» pp. 3-8)• 

Hoban and van Ormer conclude their analysis of film research 

through 1950 with the following: 

The five instructional values of appropriate 
films were clearly indicated in the research literature 
reviewed. The ten principles of film influence have 
been suggested by and are at least partially supported 
by the accumulated film research of the past thirty-odd 
years. 

In drawing this review to a close, a few general 
observations on the influences of motion pictures and 
on ways of improving films so as to capitalize on this 
influence appear to be in order. These observations 
are made on the basis of our review of film research 
and our experiences in actual situations of instructional" 
film planning, production, and use. 

1. When NECESSARY AND DESIRED learning is 
dependent upon a background of experience possessed to 
only a slight degree by the learner, the advantage of 
the film over other media, especially for rapid mass 
instruction, may be most evident. 

2. The actual influence of a given motion 
picture is frequently less than its anticipated influence. 

3. If motion pictures are to teach, they must be 
made as tools of teaching, rather than merely as examples 
of cinema art. 

4. If the effectiveness of motion pictures in 
instruction is to be increased, improvement must be 
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made by all involved, not simply by the producer 
(16, Chap. 9, pp. o™9). 

The work of Hoban and van Ormer provides a substantial 

basis for the design, production, and utilization of films 

for use in an audio-visually instructed physics laboratory. 

Film Research Since 1950 

The sound motion picture as an instructional device 

or aid was clearly established through research by 1950. 

Since that time,research concerning instructional films 

has continued to such an extent that a comprehensive 

survey would be difficult and essentially redundant. 

Twyford illustrates the magnitude of educational audio-

visual expansion and the extent of the literature as 

follows: 

The Educational Media Index prepared under the direction 
of the Educational Media Council (1964) consists of 
Ik volumes and lists almost 30,000 items (3$, p. 367). 

The difficulty in reviewing literature pertaining to 

educational motion picture films, television, and other 

devices useful in the realm of self-instruction has been 

a concern of authors and educational groups in recent 

years. For example, Twyford's survey of educational 

communi cat ions media research in 1969, provides the 

following: 

A prototype media-research center was established 
by Barhydt and others (1965) at Western Reserve 
University . . . . The center contains about 4,500 
documents and provides an information service to • 
research personnel . . . . 
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Efforts have been made to coordinate media 
research for maximum application of research results. 
Hoban and van Ormer (1950) reviewed most of the 
important film research from 1913 to 1950, Travers 
and others (1964) carried out an exhaustive evaluation 
of media research and related it to problems of 
information transmission. Kinder (1953) reported 
on many sources of audio-visual research in the 
literature. Twyford and Carpenter (1953 > 1957) 
summarized film-research studies conducted by the 
Instructional Film Research Program at Pennsylvania 
State University (3$> p. 376). 

Twyford continued his discussion of sources of media 

research with references to additional surveys, summaries, 

and bibliographies published in recent years. That the 

literature is abundant is made clear by the extent of the 

bibliographies of some reviews published since 1950. 

Some examples are: Twyford (38) - over 135 items; Allen 

(2) - about 170 it ems; Lumsdaine (27) - over 250 items; 

Allen (1) - over 300 items; Reid and KacLennan (32) - nearly 

350 items; and Lumsdaine and Glasser (2B) - about 450 it eras. 

In reviewing the above summaries, it became apparent 

that little new research knowledge pertaining directly to 

the design, production, and utilization of lab method films 

has been noted since 1950. The majority of studies since 

then have been complementary to Hoban and van Ormer's 

conclusions cited previously. For example, William H. 

Allen said: 

The evidence during the past dsrade supported Hoban 
and van Ormer's conclusion that films can teach 
factual information effectively over a wide range of 
subject matter content, age, abilities, and condibions 
of use. This factual learning, however, tends to be 
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rather specific to the information actually communicated 
by the film, there apparently being nothing in the 
film presentation, per se, that would assure better 
learning (2, pp. 125-126). 

Furthermore, almost all bibliographies surveyed for purposes 

of this study included Hoban and van Ormer's review,and 

many authors relied heavily on this work for conclusions 

regarding instructional motion picture films. 

The issues concerning instructional films involved 

in the design and execution of this study and pertaining 

directly to lab method films vd.ll now be reviewed through 

some selected references. Many of these issues were 

adequately resolved by Hoban and van Ormer and, if not 

resolved, were spoken to in their Instructional Film 

Research: 191&-1950* In addition to literature on specific 

film research, literature pertaining to the introductory 

physics laboratory organization and testing will be reviewed. 

Color Versus Monochrome 

In considering the production of an instructional 

film, the question of whether or not to use color film 

should be considered. The advantages, if any, of color 

over black and white film should be weighed against the 

additional cost of color film. Several studies comparing 

the use of color with black and white or monochrome film 

have been carried out. 

In 1930, McLean reported the use of color versus 

black and white still pictures in a study. He found that 
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recall for colored geography prints was In the ratio of 

five to three over black and white printsj however, he 

concluded that in some cases color distracted from the 

principal details while in other cases it appeared to 

increase clarity of detail (16, Chap. 8, p. 25). 

VanderMeer in 1952, and May and Lumsdaine in 195$» 

conducted studies comparing color with monochrome prints 

of the same films. Regarding these studies, Lumsdaine 

stated: 

These studies failed to show significant differences 
in learning in favor of color films, though some of 
VanderMeer's data indicate slightly superior retention 
for some of the color films he used . . . . These two 
experiments lend little support to those who argue 
for producing classroom teaching films in color in 
order to achieve greater educational effectiveness. 
But neither do they justify the conclusion that 
color is wholly irrevelant to 1earning (27# p. 635)• 

The conclusions reached by Kanner and Rosenstein 

in two separate studies are similar to the above. Their 

first study, conducted in I960, indicated a tendency for 

low-ability students to gain more from the color version 

of a film while high-ability students tended to gain more 

from the black and white version. This trend attracted 

interest and these investigators expanded the study in 

19ol. Their ultimate conclusion was that there was no 

definite trend favoring either ability group and they 

summed up the two studies, saying: 

The primary question under study concerned the 
relative effectiveness of color and monochrome 
television as training media. The results . . . 
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provide no evidence that a significant difference 
in training effectiveness exists.. This confirms 
the results of the first experiment (34, pp. 46-47). 

Hence, the results of several studies indicate that 

black and white film is generally as effective for learning 

as is color film. In view of these studies, it is reasonable 

to suppose that color film is advantageous only whan color 

cues are involved in discrimination. The lab method films 

used in this study did no involve such color cues; therefore, 

considering the economy in both film and production time, 

black and white films were used. 

While the above general conclusion concerning the use 

of monocolor in lab method films is valid today, it may not 

be so in the future. Future student generations will be 

more accustomed to color motion pictures as color television 

becomes more common (41, p. 3^)« Thus, additional study 

of the role of color in audio-visual instruction may be 

needed. It may be advisable to produce original films in 

color so that copies may be available in either color or 

monochrome. 

In reality, the extra cost of color film, as compared 

to monochrome, is a relatively small part of the total 

initial production costs. These additional costs result 

preinarily from film and processing and, to a lesser extent, 

from lighting and lens espenses. The major expenses of basic 

equipment and human effort are essentially the same for color 

and monochrome production. 
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Rest Breaks and Student 
Participation 

The screen time for the lab method films used in 

this study averaged less than fifteen minutes,and it is 

likely that this average could decline with further editing# 

Also, since the experiments chosen are among the raore 

difficult typically done in the introductory physics 

laboratory, it is likely that other experiments selected for 

expansion of the series would require less screen time so 

that the average could approach ten minutes. 

The length of a film is an important factor affecting 

utilization since it is related to mental blocking and 

fatigue. Travers reported some research related to these 

considerations and concluded: 

To insert rest periods, or discussion periods through-
out the presentation of a film, if the film is of 
more than a few minutes duration, might increase 
attention during the film and decrease wandering or 
blocking of attention (37, Chap. £, p. 7). 

Lumsdaine, in considering the mental fatigue factor 

in film viewing, reported a disparity in experimental 

results as follows: 

Ash failed to find significant differences in 
effectiveness between showing all four films in a 
single one hour session and showing films in two 
3O-minute sessions or in four 15-minute sessions . . . 
A different picture, however, is seen in the results 
of Faison, Rose, and Podoil (1955) . . . indicated 
that the insertion of three very short (30-second) 
rest pauses in a 2O-minute film led to reliable 
increases in an index of audience attentiveness . . . . 
The introduction of the rest breaks led in turn to 
reliably greater learning as measured by a postfilm 
test than did a continuous showing of the same film 
(27, p. 646). 
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There are usually logical times during the showing 

of a lab method film when the projector could be stopped 

for students to examine or discuss what was just presented; 

however, such procedure would tend to negate the time-saving 

feature of the film. In view of this consideration and 

the relatively short average length of lab method films, 

it was supposed that continuous showing of lab method films 

is practical. Additional study of the influence of rest 

breaks during the showing of a film is needed to resolve the 

disparity noted by Lurnsdaine. Further studies with lab 

method films would provide an opportunity to observe this 

variable. 

Student participation before, during, and after the 

showing of a film as a factor in learning has been studied 

by several investigators. In 1957, Allen reviewed some 

of these studies in detail (2, pp. 423-450) and presented 

his general conclusions in I960 as follows: 

During the past decade no single variable in 
AV use has been studied as intensively as that of 
participation, and no other variable has elicited a 
more general confirmation as a means of facilitating 
learning . . . . On the basis of present evidence, 
the following general conclusions appear to be 
justified: (a; Learner participation during a film 
showing will result in greatly increased learning from 
the film, (b) The overt verbalization of responses 
by the learner during the film increases learning. 
(c) The furnishing of 'knowledge of results' of the 
learner's overt response during a film also aids 
learning. (d) If participation during a film 
requires the practice of a skill demonstrated, the 
taking of notes,or the performance of any other 
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activity that may divide the attention between the 
observation of the film and the performance of the 
activity, the film must be paced slowly enough to 
eliminate the distraction caused by such division of 
attention, (e) Mental practice of skills demonstrated, 
information communicated, or questions asked during 
or after a film showing will increase the learning 
under certain conditions (1, p. 125). 

These general conclusions are reinforced by the reports 

of Hoban and van Ormer in 1950, (16) and Reed and MacLennan 

in 1967 (32). The dominant results of research concerning 

student participation indicate that lab method films 

may be more effective with, rather than without, student 

participation. 

As in the case of rest breaks, student participation 

would tend to reduce the time-saving advantage of lab 

method films; however, it is important to note that, in 

an open laboratory operation, students would be free to 

stop or reverse the projector at any time to examine or 

discuss the apparatus or to review a portion of the film. 

Also, in an audio-visually instructed traditionally 

organized laboratory, the question-answer period immediately 

following the showing of a film plus the students' immediate 

involvement in the experiment, is in keeping with Allen's 

recommendations. Furthermore, lab method films for an 

open laboratory organization are designed for independent 

viewing by the student. For these reasons, presenting a 

lab method film without a planned preview or review seems 

feasible. 
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Picture Quality 

Picture quality may be an important consideration 

when classroom teachers or others not thoroughly versed 

in photography attempt the production of motion pictures 

for classroom use. May and Lumsdaine reported results 

when crude pencil sketches were used in production of a 

film as compared to a regular finished version of the film. 

A test given to two comparable groups of students failed 

to show any significant differences between the effectiveness 

of the two films. A similar study by Smith and Lumsdaine 

was performed in 1954. Lumsdaine sums up the results of 

both studies as follows: 

These results, together with the results of other 
studies . . . at least suggest that for teaching 
conceptual material the contribution made by polished 
visualization is likely to be minor in comparison 
with other influences affecting learning (27, p. 634). 

On the other hand, Duva and Lumsdaine compared the 

effectiveness of a film with good picture quality to an 

inferior picture quality version of the same film and 

found reliable differences favoring the good quality 

picture. The inferior version was produced by kinescoping 

the original and deliberately causing poor focus and 

contrast. They also left some relevant material out of 

frame on the inferior version as an extreme measure to 

study compensatory methods such as allowing students to 

actively practice the task presented by the film. Lumsdaine 
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concluded that, while the defective kinescope version 

was noticeably inferior to the good quality film, active 

practice can more than compensate for such defects (27, pp. 

633-634). 

Film Literacy 

Hoban and van Ormer indicate that students' experience 

in viewing films, for either entertainement or instruction, 

is a factor involved in learning from films. Regarding 

this, they say: 

Very little is known about the special abilities 
involved in learning from films which,for want of 
a better term, we designate as "film ? iteracy." 
. . . There is, however, some evidence that film 
literacy, though not precisely defined. (1) exists, 
(2) is related to practice in viewing films and 
practice in learning from films, and (3) influences 
learning from films (16, Chap 7, p. 25). 

Thus, Hoban and van Ormer indicate that students may need 

some adjustment time or practice to become proficient in 

learning from films. Wendt, in reviewing film literacy 

studies, points out: "Students who were accustomed to 

learning from films were found to learn more from film 

use than students who rarely saw instructional films" 

(44» p• 23). 

In discussing film literacy, Allen indicates a 

relevant study as follows: 

The Australian Office of Education found a rela-
tionship between attendance at motion picture theaters 
and learning from teaching filmsj high school boys 
who attended entertainment motion pictures frequently 
learned reliably more from educational films than 
those who attended infrequently (2, p. 145). 
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Hoban and van Ornter also discussed the above study-

along with others by Hansen in 1939» and VanderMeer in 

194-9, and reached a general conslusion as follows: 

The data from the studies of film literacy suggest 
that some perceptual and other specialized learning 
abilities develop with increased practice in observing 
and learning from films, and that this ability helps 
the individual to learn more from future instructional 
films (16, Chap. 7, p. 2$). 

In 1951 VanderMeer extended the study referred to 

by Hoban and van Ormer in an effort to gain additional 

data concerning film literacy. The first of VanderMeer's 

studies had involved teaching students with and without 

the aid of films. Thus, he had access to groups of 

students with and without experience in learning from 

films. The follow-up study by VanderMeer is summarised 

by Reid and MacLennan as follows: 

The experiment consisted of showing four additional 
science films, which none of the groups had seen before, 
to [all of] these students. Two tests were given . . . 
The author concludes that the film viewing practice 
results in improvement of the ability to learn from 
other films of the same subject field (32, p. 1&2). 

A concise statement concerning film literacy is 

given by Allen as follows: 

There is evidence that some form of what may be called 
"film literacy" develops with increased viewing of and 
learning from films, and this factor may increase the 
viewer's ability to learn from films (2, p. 123). 

The studies cited above indicate that film literacy 

is a factor in learning from films and that it may develop 

with practice. This general conclusion has two important 
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implications for this study and for the use of filmed or 

television instruction in general. First, widespread 

availability of television in the home and classroom as 

well as the increased attendance of students at entertainment 

and instructional movies may have increased the general 

film literacy of students as compared to that of twenty 

years or more ago when some of the studies cited were 

carried out. Thus, it is possible that current students, 

by virtue of improved film literacy, could respond more 

favorably to filmed instruction than did students involved 

in earlier studies. The second implication of film literacy 

has a similar inference. Some of the studies cited 

previously involved the use of only a few films and did 

not provide the students an opportunity to adjust to 

filmed instruction. Thus, it is possible that such studies 

yielded results less favorable to filmed instruction than 

would be the case if these studies were performed today 

utilizing students with improved film literacy. 

Filmed Science Courses 
and Student Interest 

In the late 1950's a crucial problem in American 

science education was forced upon teachers and the public 

in general. The advent of space exploration by another 

nation caused alarm with the realization that the United 

States was falling behind in science education. This 



44 

brought about efforts to improve science Instruction at 

all levels in our educational system* The use of vicarious 

instruction in the form of completely filmed courses in 

physics and chemistry was an early outgrowth of these 

efforts. In 1957 and 195$, Encyclopedia Britannica Films, 

Inc. published two such series financed by The Fund for the 

Advancement of Education. The physics series, by Harvey 

White, consisted of 162 lecture-demonstration films and 

the chemistry series, by John Baxter, consisted of 160 

films. Studies conducted with these films are inconclusive 

and, in fact, yield discouraging results for certain aspects 

of audio-visual instruction (42, pp. 1046-52). 

The major studies concerning the filmed science 

courses are generally known by either the place where the 

study was conducted, the name of the investigators who 

reported the study, or the name of the sponsoring agency. 

These are: The American Institute of Physics Study reported 

by Gale in 1958; The Chicago Study reported by Engelhart, 

et al. in 195$» The Wisconsin Film Evaluation Project 

in 1959; The First Kansas Study reported by Anderson and 

Montgomery in 1959; The second Kansas Study reported by 

Popham and Sadnavitch in 1961, with elaboration regarding 

retention reported by Sadnavitch and Popham in 1962; and 

The Utah Study reported by Neall and Winget in 1959• 

A useful summary and some conclusions based on the 

above studies of the filmed science courses is provided 
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by Watson in his article entitled "Research in Teaching 

Science." Some excerpts from these conclusions indicate 

the useful but somewhat nebulous results as follows: 

Our review of these studies, which differ in 
elegance, permits some tentative conclusions on 
persistent questions. 

1. Does the use of vicarious instructors of 
acknowledged competence lead to significantly higher 
achievement test scores than those obtained by pupils 
taught entirely by live teachers? The Cincinnati 
data are inconclusive. Results in Chicago and Wisconsin 
suggest that the control groups perform better. The 
more careful studies in Kansas show no outstanding 
difference in favor of either form of presentation. 

2. Docs the use of vicarious instructors lead 
to significantly different achievement gain scores 
by pupils of different academic ability? The Cincinnati 
evidence suggests that the high-ability students gain 
more frum televised iiiBCi'uCuion, but uiiis evidence is 
based on a small sample. The Chicago evidence suggests 
that the high- and low-ability groups, among four 
levels formed, gained more with live teachers than did 
the middle-ability groups. The studies by Anderson and 
his associates in Kansas reveal no differences according 
to method by ability level. Popham and Sadnavitch also 
concluded that differences in gain according to ability 
level were not related to the instructional medium used. 
Over-all, the results are inconclusive. 

3. Does the use of vicarious instructors of 
acknowledged competence significantly alter the 
interests of pupils in science? We infer from various 
comments on the Wisconsin experiment (see above) that 
its control groups had a higher interest, or conversely, 
that its film group had a greater loss of interest. 
Similar results were found by Popham and Sadnavitch 
for both their physics and their chemistry groups. While 
these few studies do not permit a final conclusion,, 
they strengthen the suspicion the the vicarious instruction 
increases negative attitudes toward science. ~ • ~~ 

Certainly future studies should focus more 
strongly upon the affective consequences of instruction 
in science and especially of vicarious instruction. 
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4. Careful S "0 a Ci X S iT111S t be !.iade of the effacts 
of vicarious instruction upon the rola and self-esteem 
of classroom teachers. That the demand for excellence 
among teachers may not be lessened by any vicarious 
instruction was apparent from a recent comment: "After 
the expert has discussed the subject, the pupils will 
ask their teachers for clarification of confusing points." 

5. Finally, Anderson and Montgomery (1959) 
raised quite a different problem. After noting the 
small, even though statistically significant, score 
changes, they said, "average improvement , . . was of 
the order of 0.5 of a a-score . . . . The improvement 
seems meager after a year's study in biology." The 
present author agrees. 

After examining a number of studies that report 
pre- and post-test scores, one is struck by the 
relatively high pretest scores, . . . . Such pretest 
scores severely restrict the range within which pupils 
can gain in their scores . . . . Yet, with Anderson 
and Montgomery, we must wonder how it is that after a 
year of instruction the gains are so meager. Certainly 
such results must be discouraging to the teachers 
(42, pp. 1G51-1052). 

The meager gains in scores from protest to post-test is 

discouraging for science teachers in general; however, also 

disconcerting is the evidence revealed in these studies 

of vicarious instruction that loss of interest in the subject 

is generally more pronounced for the film groups than for the 

traditional groups. 

Twyford's discussion of attitudes and interests of 

students using self-instructional devices includes the 

following: 

Holmes (1959) reviewed research on televison 
instruction and reported that students preferred 

' conventional instruction . . . . Hoban*(1965) found 
that a major deterrent to enrollment in televised 
college courses was lack of interpersonal relationship 
with instructor and classmates, . . . . Popham and 
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Sadnavitch (I960) found that the attitude of a group 
of students taking a filmed course was poorer than 
that of the group having an instructor 

The teacher's role, lack of interpersonal inter-
actions , and the attitudes of students and teachers 
affect the acceptance of madia (38, p. 374)• 

Anderson reported a similar result of his investi-

gations of Baxter's chemistry series as follows: 

Uhen gains were compared on the Anderson Chemistry 
Test from pre-test to the mid-year test and from mid-
year test to the post-test, there was some indication 
that the non-film groups were somewhat superior and 
the the film groups suffered a greater drop in 
achievement during the last half of the year than did 
the non-film groups. The students' reaction would 
seem to indicate that too many films were shown and 
that boredom had set in. This may account for the 
film groups greater drop in mean gain during the last 
half of the year (3, p. 434). 

These observations strongly suggest that student 

attitudes deteriorate when vicarious instruction is 

extensive. Each of the filmed science courses consisted 

of films approximating thirty minutes of screen time for 

almost every day of the school year. Watson agreed with the 

instructors and students that 149 films were too many to 

use in a single year (42). Some of the studies mentioned 

previously did not involve all of the available films 

but all made extensive use of these films. 

The relatively greater decrease in subject interest 

of the filmed science course groups should be a concern 

for those who advocate extensive vicarious instruction; 

however, it may not be critical in the use of lab method 

films. In an audio-visually instructed, traditionally 
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organized physics laboratory, the students would view a 

maximum of thirty ten-minute films per year. In an audio-

visually instructed open laboratory organization, the student 

may view up to fifty ten-minute films per year. In either case, 

film use to this extent, especially in the open organization, 

probably would not lead to a greater decline in interest 

than would occur with traditional instruction. 

Some General Observations Concerning the 
Design and Production of Films 

Issues such as color versus monochrome, student 

participation, and film literacy which are intimately 

related to this study have been treated previously. It 

has been pointed out that the literature concerning the 

design and utilisation of instructional films is extensive 

and difficult to survey. Thus, it is appropriate to 

discuss other issues which, while not intimately related to 

this study, may arise. 

The emphasis in audio-visual research during the last 

fifteen years has shifted from films to television. The 

question of whether or not research with television is 

applicable to filmed instruction or vice versa generally 

has been answered affirmatively by authors. 

For example, Bending said: 

The time has long passed since one could, with any 
accuracy, differentiate between the various educational 
media producing moving pictures with sound. Films can 
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be broadcast on the television networks, and tele-
vision programmes can be recorded and used as film 
(5, p. i50). 

Regarding the applicability of television research to 

films, Twyford said: "The results are probably applicable 

to kinescope recordings of television programs" (3$» p. 370). 

After discussing instructional television reserach, McKeachie 

concluded: 

Much of the preceding discussion of instructional 
television is relevant to teaching with films. The 
chief differences seem to be that the movie camera has 
greater mobility than the television camera . . . 
(29, p. 1154). 

Thus, it appears that research with television enhances 

the research with films and vice versa. 

The summaries and surveys by Hoban and van Ormer (16), 

Allen (1, 2) and Twyford (3$) have been cited previously, 

and each of these provides a wealth of general conclusions 

applicable to film design and utilization. For example, 

the following are found in Twyford's 1969 report: 

On the basis of available research the effectiveness 
of a particular instructional material is more dependent 
upon the characteristics of the channel of communication 
. . . . Some instruction utilizing visual materials 
can be five times as effective as other classroom 
activities. Sound films were found to be more than 
twice as effective as filmstrips in providing learning 
in a general science course . . . 

These studies indicate that all media are not 
equally effective for a particular purpose . . . Music, 

. optical effects, stereoscopic projection, attention-
gaining devices, dramatic sequences, motion, and 
realistic settings often result in little improvement 
in learning 
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Twyford (1951) found that there was a negative 
correlation between liking and learning from 
sequences in an instructional films (3°j pp. 371-374). 

A similar group of broad generalisations may be found in 

Allen's two reports as follows: 

Studies conducted since the Hoban - van Ormer 
report substantiate the earlier findings. VandorMeer 
found that a body of factual information such an high-
school general science could be taught by films alone 
almost as effectively as by a teacher using conventional 
classroom procedures and even better if the films were 
introduced and supplemented by brief study guides . . . 
a slow rate of development, the pointing out of errors 
to be avoided, the repetition of the assembly demon-
stration, and the. participation by the learner in the 
performance of the task contribute significantly to 
the effectiveness of the film . . . . directive 
statements using the imperative mood in the spoken 
commentary were most effective in teaching . . . 
(2, pp. 126-127). 

The history of research in educational motion 
pictures is really the history of research in the 
field of audio-visual communication; for, until the 
more recent research in educational TV, the major research 
effort has been with educational films . . . . The 
evidence clearly supports, the conclusion that films 
can teach factual information over a wide range of 
subject-matter content, ages, abilities, and conditions 
of use . . . . Anderson and others compared the 
teaching of biology [by four methods] . . . the students 
in the combined film and laboratory group achieved 
significantly more factual information than those in 
the other three groups . . . . 

There is little doubt about the effectiveness 
of films in teaching perceptual-motor skills . . . . 
Priebe and Burton in teaching athletic skills demonstrated 
that instruction by film was at least as effective as 
by conventional.methods. VanderMeer . . . found that 
the films cut the working time, resulted in a reduction 
of the period of trial-and-error learning, and produced 

• more factual information on machine operation . . . . 

Roshal studied the effects of certain variables of 
learner representation on learning to tie knots and 
found that (a) a film is more effective if the task 
is portrayed from the viewing angle that would be 
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assumed by the learner in performing the skill, and 
(b) a presentation of the motions involved is more 
effective than presenting a series of static photograhps • • • • 

Although a frequent criticism of instructional 
films is that learning from them is "passive" and 
interferes with thinking and the development of concepts 
and inferences, there is no experimental research to 
support this negative supposition. On the contrary, 
the evidence is on the side of the film in developing 
concepts . . . . . . . . . 

Nelson and VanderMeer studied the effects of 
modifying the spoken commentary of an animated'film. 
They found that all simplified commentaries were 
consistently superior to the original commentary (but 
not significantly), and that the best had the shortest 
sentences and the most personal pronouns. Blain obtained 
. . . some evidence that factual information presented 
in an informal, conversational, and more personalized 
manner did affect learning of factual information 
(1, pp. 116-123). 

Another appropriate, although brief and poorly documented, 

survey of research on film and television is provided by 

Wendt. In his review entitled Audio-visual Instruction -

What Research Says to the Teacher, he generally confirms 

the conclusions of other authors and points out some outcomes 

of research which have not been mentioned previously. Some 

of' these are: 

It was found that students who took notes during 
a film showing learned and retained appreciably less 
than those who did not take notes . . . . 

It was found that most films have too high a 
concept density,, and reduction in the teaching load 
of a film improves its effectiveness . . . . . . . . . 

Repetition of important concepts shown period-
ically throughout the film is one of the most effective 
means of increasing learning . . . . . . 
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Research with the world history series showed 
that a full year course in this subject could be 
taught in'one semester with the help of 65 films 
. . . (44, pp. 20-23). 

Brown has provided a summary of research on film 

which is similar to, but more comprehensive than, Wendt's 

survey. A review of Brown's relevant work at this point 

would be redundant (6, pp. 400-419). 

Some Technological Advances and Innovations 
Concerning Instructional Films 

The introduction of reversal processing and sound 

on film provided impetus to research and utilization of 

instructional films. Technological advances are still the 

sources'of such impetus. Regarding this Wagner has said: 

Much of what has become possible in educational film 
making, especially of the nonprofessional type, is a 
product of advances made in equipment design. The 8mm 
field continues to expand as better, more versatile 
equipment is developed and as work is continued on 
both magnetic and optical sound recording and play-
back systems (40, p. 171). 

During the last twenty years film emulsions in both 

monochrome and color have been significantly improved. 

For example, the most 1ight-sensitive film commerically 

available in 1950 had as ASA rating of 125; ASA ratings of 

500 are now common. This means that lighting for photographic 

purposes is not as difficult as it has been; furthermore, 

greater magnifications are now possible due to reduced graininess 

of the emulsion. 

The reduction of emulsion grain size has extended the 

use of eight millimeter films beyond amateur applications; 
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furthermore, -the Air Force now uses four millimeter film 

to record flight data. Because of the relatively low linear 

film speed of standard eight millimeter film, good fidelity 

of sound is difficult by either magnetic or optical repro-

duction. The super-eight millimeter format has become 

popular in the last five years because it is more economical 

than sixteen millimeter film and provides a higher linear 

film speed and larger picture size than standard eight 

millimeter film. At present super-eight millimeter film is 

available with either magnetic or optical sound tracks, 

mounted on reels or in cartridges. 

Cameras and projectors have also been significantly 

improved with the addition of zoom lenses and cartridge 

loading. Power-driven super-eight millimeter cameras are 

now available with features such as automatic exposure control 

and power zoom lenses which facilitate their use by amateur 

photographers. This means that it may be practical for 

classroom teachers to consider producing their own instructional 

films. 

The developments discussed above, plus a shift from 

"Hollywood" standards to "learning" criteria for judging 

the merits of instructional films, are discussed by Wagner. 

He said: 

This kind of thinking . . . marks a distinct transition 
in the design and use of film in education. A few of 
the forms which are earned recent attention include 
the following: 
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• • * The "single-concept film5 

The "excerpt film" . . , , 
The "filmed course" . . . . 
The "open-ended film" . . . . 
The "note film" or "film note-book" . . . . 
The "international educational film" . . . 
(40, p. 172). 

Thus, it is apparent that the design, production, and 

utilization of instructional films are changing. Innovations 

are being suggested and implemented, producers are more 

sensitive to educational needs than in the past, and teachers 

are becoming directly involved in producing educational films. 

The Open Laboratory and 
Independent Study 

The open laboratory organization as described previously 

would allow students to exercise some independence in 

deciding what, when, and how they investigate. Such laboratory 

organization could be structured to the extent that students 

may use coBWiercially available equipment and work within 

some general schedule. In the open laboratory, students 

could use the apparatus manufacturer1s instructions, 

written instructions, or oral instructions. On the other 

hand, students could use "filmed instruction booklets" as 

recommended by the Cotnmision on College Physics with a 

potentially significant saving of time in learning how the 

equipment is to be used (9, p. 13). 

The Comission describes such films, previously referred 

to as Lab Method Films, as follows: 

The first use is in displaying to a student the 
apparatus he is about to use - how its parts are 
related, what sequence of operations is appropriate 
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to it, and what precautions the student should 
observe (kO, p. 13)• 

Lab Method Films could also suggest variations in procedures 

for performing experiments and analysing data. 

Supervision of students carrying out experiments 

could be done by advanced students who would act as 

consultants rather than sources of authority on the recipe 

for accomplishing the experiment at hand. Rogers 

discusses the role of laboratory consultants with his 

graduate assistants as follows: 

You are host to young people who come to do 
real, though unfamiliar experimenting. Make each feel 
that he is a "scientist for a day." Consult seriously 
over difficulties, as a fellow .researcher, not as 
omniscient teacher. Respect their needs and ask their 
judgement. If they ask for extra apparatus, try to 
provide it without question. If the ask: "Is it 
right?" "Will this do?", "Is this accurate enough?", 
reply with a question: "Will it answer your problem?", 
"Do you trust it?", "What accuracy do you want?" Let 
them make mistakes, and learn from them.~Give them time 
to make the experiment go with their own help, not 
yours, and they may learn the delights of experimenting. 
Encourage them to face difficulties honestly, so that 
they learn the limitations of science and the sorrows 
of experiment ing. In general, avoid interrupting 
except for matters of safety, and avoid answering 
questions except to reply by another question; or, 
when suitable, just answer "It' s your experiment" 
(33, p. 27). 

The role of the consultant as described above is very 

different from that of a typical college laboratory instructor 

who feels compelled to give explicit instructions in order 

to get some data, before the end of the period, for the 

students to analyze. 
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Regarding the rigid scb-sduls imposed by traditional 

organization, Beggs and Buffie say: 

This ringing of bells has been the time-honored way 
to signal the beginning and end of classroom periods. 
Usually this has affected the entire student population 
in very much the same way. The rigidity with which 
students have been locked into this type of organization 
has, of course, become objectionable 

For the most part, the things students do during their 
independent study time represent experiences which 
cannot be scheduled by the admini strati on. Many 
students prefer to learn creatively - by questioning, 
experimenting, risking, testing, and modifying ideas 
ih-t P• A-). 

These authors define independent study and list some 

benefits to students as follows: 

The term independent study means a learning 
situation within the school day which allows a student 
to develop personal competencies through experiences 
as an individual but in interaction with others when 
needed . . . . In this respect, a student performing 
effectively in independent study is one who: 

Perceives worthwhile things to do . . . . 

Personalizes learning . . . . 

Exercises self-discipline . . . . 

Makes use of human resources . . . . 

Makes use of material resources . . . . 

Produces results . . . . 

Strives for improvement . . . (4, pp. 2-3). 

In the above, Beggs and Buffie refer to independent study 

in general. They support it with specific discussions, 

pointing out that motion picture films are valuable sources 
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of information and inspiration for students engaged in 

independent study. They also say: 

Research has indicated that films can be used as the 
sole means for teaching some kinds of factual material: 
certainly for performance skills and factual information 
(4, p# 160). 

Independent study with emphasis on producing audio-

visual materials has been recently initiated at Enfield, 

Conneticut. A social studies laboratory was created in 

which students are responsible for activities which they 

pursue independently but within a framework largely created 

and supervised by students. These students, in discussing 

their work, list the following principles: 

1. Learning cannot be enforced. It must be 
exciting or challenging or personally relevant enough 
to be wanted. 

2. Most kids think they know what and how they 
want to learn. But only with the freedom and the 
challenge to do something about it can they know, and 
reveal that knowing. 

3. True learning requires no course credits, 
no grades, no invidious rewards or even escape from 
established classroom curricula . . . no classroom 
assignements and no teacher controls, only advice and 
counselj and only from teachers who are involved. 

4. Every student in the lab must be free to 
select any subject in the world to work on. But proof 
of his interest, his ability to explore the subject, 
and his methods of research, must be dernonstratable to 
a Lab Student Committee - and thus to himself! 

5. We live in a multimedia visual age. Each 
project, or related segment of a complex subject, 
must be adequately prepared for audio-visual presentation. 

6. In order to assure quality of work and thus 
validate the whole idea, a tough, disciplined and 
soundly structured student organization is necessary. 
And one other thing: A system (10, p. 5)• 
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It is important to note that these students, speaking 

from their own personal experiences, strongly favor 

independence in learning and documentation of their work 

in audio-visual media for the use of future generations. 

Films produced under these or similar circumstances are 

what Wagner has called "note-films" or "Filmed note-books" 

(40, p. 172). 

Physics Laboratory Tests 

Kruglak has conducted extensive investigations of 

testing student achievement in the introductory physics 

laboratory. Regarding the state of this art in 1957, 

he said: 

The objectivity of physics is the envy of other 
disciplines. But, paradoxically physicists appear 
to be incapable of applying the renowned "scientific 
method" to the evaluation of teaching the objective 
procedures of science, via. laboratory instruction in 
general physics (20, p. 31)• 

In the same paper, Kruglak discussed the advantages and 

limitations of objective-type tests and developed hypotheses 

as follows: 

1. It is impossible to measure the creative 
aspects of laboratory achievement by means of multiple-
choice items. 

2. It is impossible to measure certain neuro-
muscular laboratory skills by means of paper-pencil 
tests of any kind (20, p. 32). 

These hypotheses grew out of Kruglak's personal experience 

with objective type tests over a period of years beginning 

in the early 1950's. During this time Kruglak and his 

colleagues conducted studies of various aspects of 
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introductory college physics with emphasis on laboratory 

testing techniques. 

The results of a series of Kruglak's studies' on 

laboratory testing were published in three parts during 1954. 

The first part dealt with the construction and evaluation 

of a laboratory "performance" test in general college 

physics and with its relationship to standardized measures 

of aptitude and achievement. The second part dealt with the 

construction and evaluation of a paper-pencil laboratory 

test and its relationship to standard measures. The third 

part dealt with a merger of the two testing techniques. 

The important conclusions based on these studies are: 

In general, then, the initial msasureo commonly 
available have at best a limited value in predicting 
laboratory performance achievement in physics . . . . 

Laboratory performance tests tend to differentiate 
between students in accordance with their theoretical 
and experimental background in elementary physics . . , 

The commonly used measures of scholastic aptitude are 
unreliable or very poor predictors of performance 
test scores . . . . 

Performance tests measure instructional outcomes 
other than those measured by conventional achievement 
tests in physics 

The investigation lends support to the hypothesis that 
paper-pencil tests contain elements other than those 
evaluated by performance tests and the conventional 
measures of achievement in elementary physics 
(25t PP* 448-452). 
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The preliminary study supports the hypothesis that 
paper pencil tests are poor substitutes for performance 
examinations . . 1 . . 

The relatively small differences between the means of 
the paper-pencil and performance items designed to . 
evaluate very specific skills suggest that paper-
pencil analogs in this area might be successfully 
constructed and evaluated 

There was in general a low degree of relationship 
between the performance and other forms of the test 
(22, pp. 82-87). 

In reviewing the work of Kruglak and others related 

to physics laboratory testing, Watson pointed out the 

following: 

While Kruglak labored long on these studies, 
his attention, like Carpenter's and Horton's, was 
focused on specific skills. It is no surprise that 
he foundj as Norton d.id, • . . . As Erardw^in, Watson, 
and Blackwood have suggested, the importance of 
laboratory work which is expensive . . . lies more in 
general aspects of learning "how the scientist works" 
(42, p. 1043). 

Thus, investigators in the field of laboratory testing 

indicate the lack of standardised testing instruments, the 

difficulty in constructing tests, the possibility that 

paper-pencil tests are satisfactory for measuring specific 

skills or knowledge, and the general, but somewhat limited, 

usefulness of objective type tests. 

Carpenter and others have studied the sound motion 

picture as an instrument involved in standardized testing 

(8).- From this discussion it appears that additional 

study of the "Filmed Test" is desirable. Also, it may be 
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feasible to use films as a means of combining the 

advantages of "lab practical tests" (which Kruglak calls 

"Laboratory Performance Tests") with the advantages of 

"papcr-and-pencil" tests. The filmed test is potentially 

a superior instrument for measuring students' familiarity 

with specific experiments in the academic physics laboratory, 

and it should be developed and studied. 

Selected Studies Concerning the 
General Physics Laboratory 

Independent study and laboratory testing have been 

discussed since they are issues intimately involved in 

this study. Other topics which are less directly related 

to the study but have general importance will be surveyed. 

Questions concerning whether or not the traditional physics 

laboratory justifies the expense of time and facilities 

and how best to accomplish the objectives — indeed, what 

are proper objectives — for the academic physics laboratory 

are of a fundamental nature. Watson notes some of these 

developments, particularly the problem of demonstration 

versus individual laboratory experience, as follows: 

The value of laboratory work in the curriculum 
in science has been the subject of a large number 
of studies, many of which appeared in the 1920's and 
1930fs. In a review of the literature up to 1945> 
Cunningham listed 37 studies . . 

Furthermore, to justify the time and expense involved 
in laboratory work, we need to know how much of what 
type of laboratory experience leads to what student 
behaviors . . . . . 
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The several nationwide committees suggesting 
modicifeations in high school science courses are,all 
stressing the importance of first-hand experience' 
with the phenomena. With them, we agree that this 
experience seems essential in the study of science. 
Yet, to provide time, space, and materials for this 
laboratory work is expensive. Without clear empirical 
evidence of what sorts of experiences result in what 
subsequent behaviors, or enhanced behaviors, in pupils, 
we are of necessity proceeding on faith . . 

Two of these early studies indicate the 
inadequacies of many of them. Carpenter's study 
(1925) . . . (utilized test items) that a competent 
student could answer completely on the basis of text-
book knowledge without either demonstration or laboratory 
WORK . . . . Horton (1928) . . . devised pencil-
and-paper tests that required more knowledge of "doing" 
or "performing" . . . . He concluded that "no reliable 
results appear in the testing by ordinary written 
examinations . . . . 

Lahti (1956), in a collegiate physical science 
course, explored the effnet of various approaches in 
laboratory work . 
significant difference 

While Lahti did not find any 
s, the group which used . . . 
laboratory, scored highest on 
s. The results might encourage 

similar studies with other criteria of accomplishment 
(42, pp. 1041-2). j 

problem solving in the 
each of his three test 

The extension of these studies by Kruglak and others 

utilizing other testing techniques has been discussed 

previously. 

Kruglak also investigated the effect of high school 

:e on attainment in physics, 

ised on sex for the tests 

.s other conclusions are as 

college laboratory experienc 

He found some differences ba 

administered, and some of hi 

follows: 

Students taking the college course with laboratory 
had significantly higher means on the Mechanics 
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Identification post-test than students exposed to 
theory instruction only . . . . 

Laboratory work in high school physics appeared to 
have little influence on the paper-pencil laboratory 
pre- and post-test scores in Mechanics . . . . 

There was a tendency on the part of students with 
a high school physics background to have higher means 
on some of the paper-pencil tests than in the case 
of the no-high-school-physics samples. The latter 
groups appeared to have less consistent pre-post 
gains . . . . 

Students with laboratory experience in high school 
physics had significantly higher means on the 
laboratory performance test in Mechanics than the 
students without such experience . . . . 

The laboratory background in physics appeared to have 
no effect on the average laboratory grades and on the 
final examination scores for all the samples of the 
study . . . . 

Students with high school physics had a significantly 
higher mean on the final examination in Mechanics 
than the group without (24, p. 222). 

A study similar to Kruglak1s was conducted by Brown 

at the Massachusetts Institute of Technology in 1958. His 

statistical methods were not as sophisticated as those used 

by Kruglak, but he concluded that students were inept with 

equipment they were known to have used in their high school 

physics courses (42, p. 1043). 

In addition, Brown concluded: 

The results of these experiments, as well as of a 
few others which have been described elsewhere, have 
led us to a double conclusion: (1) the intellectual 
stimulation and scientific challenge of laboratory 
education at the secondary school level is the most 
important single function which high school and prep-
aratory school teachers of physics must carry out; 
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and, (2) laboratory education at the university level 
must have as its goal the teaching of the scientific 
point of view and the intellectual challenge of the 
experimental method, rather than the training of 
students in particular or specific techniques or in 
carrying out particular experiments, since the details 
of these are so obviously lost in a very short span 
of time (7t p. 337). 

Brown's second conclusion concerning a general laboratory 

objective is in keeping with Brandwein's statement about 

learning "how the scientist works" mentioned previously. 

Kruglak's discussion of behavioral objectives for the 

physics laboratory indicates the state of confusion which 

existed earlier and more recently as follows: 

A questionnaire submitted in 1926 . . . thirty-
five respondents listed forty-three statements on the 
function of laboratory work in science, with no more 
than eight individuals in agreement on any single 
objective . . . . 

A few months ago the writer attended a national 
conference on science education. Much learned and 
often heated discussion went on among the delegates, 
but no decisions were reached and no resolutions were 
adopted. After one of the sessions, one of the country's 
leading science teachers turned with a worried expression 
to the writer and said: "What do we teach laboratory 
for anyway?" . . . 

The pedagogical importance of formulating 
objectives has been discussed by Nedelsky . . . . His 
argument for a two-dimensional list of objectives re-
emphasizes the fact that every pedagogical process 
implies subject matter and students (23, p. 223). 

Another of Kruglak's studies concerned the number of 

partners engaged in a laboratory exercise as a variable 

related to achievement. No significant differences between 

the means on two tests given students who had worked singly, 
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in pairs, and in quartets were found (26, p. 263). 

Apparently the case of triplet partners v,ras not considered. 

Discussions and studies cited in this section, when 

combined with the previous discussion of independent study, 

point to the conclusion that the introductory college 

physics laboratory may be a weakness in science education 

and deserves additional study. 

Some Innovations in Teaching Science 

Kruglak's remark regarding the supposed inability 

of physics teachers to apply scientific methods in laboratory 

testing and Watson's remark concerning the meager gains from 

pre-test to post-test reflect the concern of some physics 

teachers. Science teachers have tried various innovations 

in efforts to improve mastery and appreciation of science. 

In the physics laboratory, variations in equipment 

design and utilization have been common. Some of these 

innovations are precipitated by technological advances 

and/or unusual availability of certain materials. An 

example of efforts to improve results of student experi-

mentation is the work of Gourley, Professor of Physics at 

Austin College, Sherman, Texas, Friction in equipment 

traditionally used to measure the acceleration due to 

gravity had been a troublesome source of error,and it . 

happened that photoelectric cells and chart recorders 

were available at modest expense through a government 

surplus program. This professor designed an apparatus 
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utilizing photocells and chart recorders which allowed 

measurement of the acceleration due to gravity without 

significant interference from friction. In essence, the 

apparatus recorded the position as a function of time of 

a freely (except for air resistance) falling steel ball. 

A similar and also typical effort to facilitate 

student experimentation is illustrated in Rozycki*s 

method for studying centripetal force in the laboratory. 

His method utilizes a simple pendulum arrangement with 

which the centripetal force is read from a spring balance 

as the pendulum bob transits the equilibrium position 

(35, p. 451). 

Efforts to improve or facilitate student execution 

of laboratory exercises are numerous, and the above examples 

indicate the nature of such efforts. Innovations in the 

overall organization of the physics laboratory have also 

been studied. The studies cited previously concerning the 

laboratory and the filmed science courses are characteristic 

of these efforts. , 

One such effort of importance to this study was made 

by Tendam and McLeod in 1961. These professors produced a 

series of twenty films which "supplant conventionally 

presented lecture-demonstration experiments" (36, p. 571). 

They describe their production facilities as follows: 

The Purdue Motion Picture Production Unit . . . 
has a staff of five film production men who act as 
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producers, directors, cameramen, and sound technicians 
as required. Student assistants are available to help 
with routine work (36, p. 51&)• 

Tendam and McLeod point out that the Purdue Film Unit 

has been instrumental in producing about twenty films per 

year since its inception in 1954» Regarding difficulties 

which arise in the production of physics films, they say: 

Making an instructional film is not a simple task. 
Naively, one might think that to make a film of a 
physics demonstration experiment, the physicists would 
perform the experiment in his usual way and the 
cameraman would perform the completely independent^ 
task of photographing the action • • • • Nothing is 
further from the truth (36, p. 51$)• 

In defending the above statement, the authors point 

out several factors which contribute to the difficulty and 

expense- of physics film production. Among these ares 

(1) Frequently, entire scenes must be reshot to avoid 

"jump cuts" in editing; (2) Many hours of consultation 

between teachers and production staff are necessary to 

coordinate efforts necessary to produce a "good film"; 

(3) Script writing and editing to suit the desires of all 

staff members is a tedious, time-consuming activity; (4) 

The demonstration equipment must frequently be rearranged or 

modified to suit the needs of the photographers; (5) The 

studio, as it differs from the physics laboratory, some-

times causes delays and introduces errors in executing the 

experiment; (6) Much effort must be expended in preparing 

the sound track which involves transitions between the 
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single and double sound systems as well as between magnetic 

tape and photographic sound track; (7) "Art work" (a terra 

used by commercial film producers to describe charts, 

diagrams, etc.) requires time to produce and coordinate with 

other production phases; ($) Staff approval sessions require 

considerable time and effort; and (9) The final production 

step is a tedious, "white glove" affair in order to avoid 

scratches and dust as the editor selects fades and dissolves 

to "insure a smooth transition" between scenes (36, pp. 51$-

520). 

They also comment as follows: 

Several somewhat arbitrary decisions are made 
during the early stages of production of a series of 
instructional films. For example, is a musical back-
ground appropriate for the head and tail titles? In 
this case, the physicists overruled the suggestions 
of the film production men and no music was used . . . . 

The choice of a narrator is a difficult one . . . . 
The choice of someone other than a physicist may be 
criticized on the basis that he may not sound like a 
physicist and so may introduce a false atmosphere 
into the film. Through discussions with students the 
authors have formed the opinion that this is not a 
valid criticism and that the advantages of a well-paced ' 
delivery with no distracting pauses outweigh the 
objection . . . . . . . . . . . . . . 

Some difficulties are encountered in making physics 
instructional films . . . the chief difficulty - the 
lack of some of the more expensive items of film production 
equipment - has been noted (36, pp. 517-51$)• 

In view of these production techniques, it is para-

doxical that the authors report: 

Since the films in this series involve only simple 
techniques, the over-all cost was rather modest, $106 
per minute' of running time, excluding the salaries of 
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the physicists. More extensive use of animation and 
revisions to polish the final product would probably 
double the cost (36, p. 521). 

Tendam and McLeod did not define what was included in their 

costs such as equipment depreciation or discarded footage. 

They did indicate that 88 of the 156 minutes of screen time 

produced were in color. Currently, black and white, sixteen 

millimeter, sound film processed as raw footage ready to 

edit, can cost as little as $1.67 per minute of screen time; 

however, this includes only the costs of film and chemicals 

when purchased directly from a major manufacturer and 

excludes all labor costs or depreciation on photographic 

equipment that could have a new value in excess of fifty 

thousand dollars. 

Thus, the paradox referred to is the "rather modest, 

$106 per minute" cost as compared to the "raw footage cost 

of $1.67 per minute" when many of their expensive production 

tehcniques(such as jump cuts, white gloves, special narrator, 

and use of color film)have little or nothing to do with 

learning from films,as indicated by studies cited previously. 

Regarding embellishments to a film which do not contribute 

to learning, V/agner said: 

Most educators and producers have long understood 
the fallacy of applying completely traditional film 
standards to educational film design . . . the success 

• of a teaching film must be measured by other than 
entertainment, artistic, or even "cinematic" values 
(40, pp. 171-2). 

Thus, Wagner supports Hoban and van Ormer1s third 

general conclusion that instructional films must be judged 
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by other than conventional standards. Another example 

of an innovative approach in the over-all organizational 

structure of the introductory physics laboratory is that 

of Hudson, a professor at Occidental College, which he calls 

a "Delayed Lab." Basically, his plan is to have students 

complete a year of lecture in physics before starting a 

year of laboratory work. He states that the students are 

well prepared for the laboratory work which may be accomplished 

in a serai-open arrangement without excessive demands on the 

instructor's time. Some advantages of the delayed or deferred 

laboratory listed by Barnes are: (1) Students prefer this 

arrangement; (2) Repetition has pedagogical advantages; 

(3) More sophisticated experiments can be performed and 

at a higher level of performance; (4) Easier scheduling of 

experiments results from cafeteria style operation; and (5) 

Expense per studnet is reduced since the attrition of the 

lecture has reduced the number of students. Hudson also 

pointed out that: "Such a laboratory involves considerable 

work for the instructor because of the varied nature of the 

experiments performed each period" (17, p. 314). The 

advantages listed by Hudson appear to be valid; however, 

one may question whether or not a year of laboratory preceding 

the lecture would offer many of the same advantages from 

the lecturer*s point of view. Also, a year of pre-lecture 

laboratory tending to the theoretical approach, followed, 
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in turn, by a year of optional laboratory work could be 
i 

a favorable arrangement. Perhaps a laboratory which is not 

intimately related to any particular lecture series would 

be advantageous; however, it should include enough theory to 

make the experiments meaningful and illustrative of the 

union between experiment and theory. Such a laboratory 

could be operated on a "pass - fail" basis, involve considerable 

independent study, and be prerequisite to certain lectures 

or stand independently for elective credit in science. Perhaps 

not distinguishing lecture from laboratory activities, and 

simply doing which ever is most relevant at the moment, would 

be a favorable arrangement. After all, science does not 

proceed exclusively with theory which precedes observation 

or vice versa. Why then, should it be supposed that, for 

academic purposes, one should precede the other? 

Efforts have been made by Green at The Massachusetts 

Institute of Technology, Moore of Bucknell, Silver at the 

University of North Carolina, Swartz at Stony Brook, and 

Pennington at Portland State University, to involve students 

in self-paced physics courses similar to Postlethwait1s 

biology course. Green described each of these programs 

from his personal knowledge in an article entitled "Physics 

Teaching by the Keller Plan at MIT" (13). All the above 

programs are based on a plan described by Keller in 196$. 

According to Keller, his plan includes features which distin-

guish it from, conventional teaching procedures as follows: 
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The go-at-your-ov.Tn-pace feature, which permits 
a student to move through the course at a speed 
commensurate with his ability and other demands upon 
his time. 

The unit-perfection requirement for advance, 
which lets the student go ahead to new material only 
after demonstrating mastery of that which preceded. 

The use of lectures and demonstrations as 
vehicles of motivation, rather than sources of critical 
information. 

The related stress upon the written word' in 
teacher-student communication . . . . 

The use of proctors, which permits repeated 
testing, immediate, scoring, almost unavoidable tutoring, 
and a marked enhancement of the personal-social aspect 
of "the educational process ~(TB, p. 2 J) .* 

Green's work with the Keller Plan in physics deals 

with subject matter which is traditionally thought of as 

lecture material. It appears from his two published reports 

(13, 14) that the laboratory work is integrated into the 

course with students doing experiments using written instructions 

and supervised by student assistants. Lab method film 

instruction could be a valuable asset to this type of program, 

since it is essentially an open laboratory organization. 

The Berkeley Physics Laboratory is a radical departure 

from the approach and content of conventional introductory 

physics. In the preface of the Berkeley Physics Laboratory 

Manual (Part A), Portis describes this laboratory as follows: 

Our choice and presentation of experiments has 
been designed to develop a laboratory strongly suggestive 
of contemporary physics research. In this way we have 
set for the laboratory an objective of its own, independent 
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of the lectures. The modern laboratory physicist is 
interested in the dynamics of particles in electric 
and magnetic fields, and from the outset we investigate 
this aspect of particle dynamics rather than the motion 
of macroscopic bodies (31, p. v)• 

The Physical Science Study Committee developed an 

introductory physics course including a laboratory which 

differs from a conventional laboratory. The spirit and 

approach of this laboratory is reflected by excerpts from 

the preface of the laboratory manual, as follows: 

• • . the laboratory is a primary source of learning. 
Indeed, ideas, concepts, and definitions make real 
sense only when they are related to experience • . . . , 

Students need not end an experiment at any definite 
point. Usually there is a first basic part of the 
experiment which all students can complete. Other 
students, proceeding at their own pace, will go to the 
more advanced questions which are raised toward the 
end of the description of each experiment . . . . 

In addition, because the apparatus is made of common 
materials, it can be duplicated and used at home. Thus 
the laboratory helps to prevent a split between the 
student's world and that of science. (In fact these 
two worlds are the same, and when they appear to be 
separated, science has become a rigid doctrine instead 
of a continuing study of the world)(30, p. iv). 

As is the case in other disciplines, the computer 

has provided many opportunities for innovations in physics 

teaching in recent years. One of these, recently tried in 

the Physics 131 Laboratory at North Texas State University, 

involves student use of the computer to carry out calcu-

lations of a tedious, repetitive nature. The time saved by 

computer calculations allows students to devote more time 

to data collection and analysis than had been customary, and 
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the results are statistically more reliable than had bp en 

the case when fewer calculations were carried out. Data 

sharing among students is also practiced in this laboratory 

to a greater extent than was customary in the past. In some 

experiments, students analyzed and reported on data plots 

consisting of several points, with each point being contri-

buted by an individual student. All students reported on.their 

individual data and on all the data collected by the laboratory 

section. Thus, students avoided an isolated measurement 

which occasionally involves disappointing rather than 

rewarding results. 

The innovations which have been-reviewed are indicative 

of efforts to improve introductory physics courses and science 

education in general. It is interesting to note that self-

pacing is a feature in many of these new designs; self-

pacing is one of the primary pedagogical features of the 

open laboratory. 
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CHAPTER III 

PREPARATION FOR THE STUDY 

As indicated at the end of - Chapter I, preparations for 

this study were carried out over a period of two years and 

involved several phases. The phases of film production and 

refinement, the development of the instruments used, the 

pilot study, and other preparatory aspects will now be 

described. 

Design, Production, and Refinement 
of the Lab Method Films 

As indicated previously, lab method films have not 

been the subject of research and none were commercially 

available (1, 3)» No specific guidelines for the design, 

production, or utilization of these films were available. 

Therefore, it was necessary to study these aspects of lab 

method films before studying their effectiveness. Since the 

Commission on College Physics had recommended the use of 

silent, single-concept films as "filmed instruction booklets," 

this possibility was investigated.. Two such films were 

produced in 196S and subjected to student use. It was 

apparent that the lack of sound limited the usefulness of 

these films in providing instructions for performing 

experiments in-the introductory physics laboratory; however, 

student reaction to the concept of an audio visually 
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instructed laboratory was encouraging. Subsequently, 

the use of movies with sound was investigated. 

The first sound film produced for use in this study 

was entitled "Mechanical Equivalent of Heat" and was 

subjected to limited student use at North Texas State 

University in the spring of 1969* For all practical 

purposes, this film presented the same information previously 

given orally by laboratory instructors. Students were issued 

a laboratory manual designed to supplement either filmed or 

oral instruction. 

Students were asked to write a critique of the film 

which would be helpful in producing an improved version. 

Also, the laboratory instructors were asked to eorr.ir.cnt on 

the film design and its ability to convey information to 

the student. A review of the students' and instructors* 

comments indicated that the film was too lengthy. In 

particular, it was recommended that the historical back-

ground be eliminated and that the time spent on theoretical 

background be reduced. Both of these aspects of an experiment 

can be found in textbooks or laboratory manuals. It was 

tentatively concluded that lab method films should deal 

specifically with the collection and analysis of numerical 

data. 

This first film was revised by removing the section 

on history and reducing the time devoted to background 
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theory. It was shown to another group of Physics 131. 

students the following summer for their suggestions and 

criticisms. As a generalization, these students responded 

enthusiastically to the concept of filmed laboratory 

instructions and rated the film as satisfactory for its 

intended purpose; however, there were indications of a 

possible need for further revisions. 

Since factors such as dress and hair style tend to 

date a film,it was tentatively decided that only a person's 

hands would be shown as procedures of the experiment were 

demonstrated. The results of the second student evaluation 

revealed that it was difficult to relate to "the mysterious 

hands." Also, some students indicated that the pace was 

too slow, which contributed to an element of "dullness," 

making it difficult to remain alert. Otherwise, students 

agreed that the film accomplished its purpose. In addition, 

laboratory instructors reported that students were successful in 

performing the experiment without unusual reliance upon the 

written materials or other sources. 

A second film, "Ballistic Pendulum," was produced,and 

both films were used with students during the fall semester 

of 1969. Beginning with this semester student critiques 

for each film were elicited through a formal questionnaire 

with answers provided anonymously on IBM sheets. This 

questionnaire was a preliminary version similar to the one 
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included in Appendix I, and involved students* responses 

to items such as picture and sound quality, pace, and total 

time involved. Students were also asked to write their 

own comments on the reverse side of the IBM sheet or to 

comment directly to the instructor. 

Using design and production criteria based on student 

and instructor evaluations of the first two films, two 

additional films, "Centripetal Force" and "Simple Pendulum," 

were produced and evaluated by students during the spring 

semester of 1970. Results of the Film Evaluation question-

naire, included Appendix I, were used as a guide for revisions 

to all four films. 

Student evaluations of these four films, general 

research on films, and other considerations as indicated 

below, led to several appropriate design and production 

guidelines which follow: 

1. Black and white films may be used without adversely 

affecting the usefulness of lab method films. This was 

desirable for the sake of economical, rapid production as 

compared to the use of color film. 

2. The narrator or demonstrator need not be seen or 

identified by students. (There were occasional criticisms 

of the "mysterious hands" for the first and second films 

used each semester but the students adjusted to this and 

did not object for the remaining films.) This is a desirable 

criterion in order that dress style not be a factor in dating 

a film. 
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3. Historical background should not be included in 

the film, since it is available to the student in textbooks 

and/or supplementary written materials. 

4. Discussion of theory related to an experiment 

should be minimised. Sufficient theory should be provided 

to form a framework, but details of derivations should be 

omitted and included in supplementary written materials or 

textbooks. 

5. In general, the narrator should use a slow, deliberate 

pace and repeat instructions which are frequently difficult 

for students to follow. 

6. The camera angle should be that of a student 

favorably located for observing the demonstrationj however, 

close-up photography from this angle should be emphasized. 

The above guidelines were used to produce the fifth 

and sixth films, "Free Fall" and ,fAtwood*s Machine." The 

six films were evaluated by students enrolled in Physics 131 

during the summer of 1970, as part of the pilot study. 

Responses to the Film Evaluation questionnaire were used 

in making final revisions to the films. Thus, six films 

were ready for use in the study which was to be conducted 

during the fall semester of 1970. 

During the period of time from the production of the 

first to the last film, the Physics 131 Laboratory exercises 

were ina process of revision. In particular*two innovations 
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were introduced: (1) The computer was used to make calculations 

for students when the analysis involved repeated calculations, 

and (2) When a statistical treatment was desirable, the 

students shared data obtained by all the laboratory sections. 

These "changes necessitated periodic revisions to the films 

to bring them up to date. 

The Physics 131 Lecture 
and Laboratory 

Physics 131 is a course intended for non-science 

career students. It is one of three courses that satisfy 

the two year science requirement for students in the College 

of Arts and Sciences at Horth Texas State University. It 

is similar to senior high school physics courses and differs 

from general technical college physics to the extent that 

Physics 131 is a terminal physics course. The credit for 

each semester is three semester hours. The lecture meets 

three hours per week and the laboratory one and one-half 

hours per week. In addition, the student is expected to 

spend about one-half hour per week in report writing for 

the laboratory. 

In the laboratory syllabus which follows, the topics 

for which lab method films were available are indicated 

with an asterisk and the number of one and one-half hour 

periodsallotted to each is in parentheses. The Physics 131 

laboratory exercises for the fall semester of 1970 are 
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indicated, in chronological order, by an excerpt from 

written materials which were issued to students as follows: 

INTRODUCTION (1) - A discussion of the nature 
of science, the role of the academic laboratory, 
general procedures to be followed, report writing, etc. 

MATH REVIEW (3) - A general review of mathe-
matical techniques used in the study of physics with 
emphasis on graphical analysis and other topics of 
special importance in the laboratory such as the stat-
istical nature of measurement. 

*FREE FALL (1) - Students perform a few calcu-
lations of the acceleration due to gravity, "g." 
Newton's second law of motion and gravitational law 
form the theoretical basis,indicating that "g" should 
be constant and independent of mass for small distances 
in free fall. Each student receives a tape on which 
the position of a freely falling object is marked as a 
function of time using Cenco's free fall apparatus• 

*ATWOOD'S MACHINE (1) - The equipment used in 
"Free Fall" is converted bo aa Atwood'g Machine and 
each student generates a tape using a different 
counter balance mass. Each student performs a few 
calculations to determine how well his data correlates 
with the Atwood's formula. The theoretical analysis 
of the Atwood's Machine utilizes Newton's second law 
of motion to derive the Atwood's formula. Also, each 
student prepares data for computer analysis from both 
his free fall and Atwood's tapes. 

*SIMPLE PENDULUM (1) - Students,working in 
groups of two or three, measure the period of a simple 
pendulum for five different lengths. Each group then 
tests the simple pendulum formula with their data. Each 
group also prepares data for computer analysis which 
yields an average period for each length used. 

SYNTHESIS OF ACCELERATION DATA (1) - The computer 
out-puts from "Free Fall," "Atwood's Machine," and 
"Simple Pendulum" are returned to students. Each of 
these experiments involves the acceleration due to 
gravity and students use data collected by all lab-
oratory sections from the three experiments to arrive 
at a value for "g" at Denton. Involved are graphs of 
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"a vs. m" for the Atvocd's data and "T~ vs. L" for 
the simple pendulum data. Final judgments of the 
validity of the theories involved are based on these 
graphs. 

^CENTRIPETAL FORCE (l) - The centripetal force 
formula is derived using Newton's second law of motion 
and other general principles. Students, working in 
groups of three, test the validity of this formula by 
measuring all the quantities involved using Cenco's 
apparatus. 

^BALLISTIC PENDULUM (2) - The initial speed of 
a projectile is measured by W o independent methods. 
Projectile motion is analysed using the general laws 
of constantly accelerated motion and the ballistic 
pendulum is analyzed using the laws of conservation 
of momentum and energy. The results of the two methods 
are compared to indicate the validity of the theories 
involved. Cenco's apparatus is used with students 
working in groups of three. 

^MECHANICAL EQUIVALENT OF HEAT (1) - Leybold 
apparatus is used to measure the mechanical equivalent 
of heat and the result is compared to the accepted 
value. The method involves principles of calorimetery 
and energy principles. Two or three students form a 
group for data collection. 

MAKE UP PERIOD (1) - A period set aside for 
students who missed two or more experiments to do 
make-up work. 

TEST PERIOD (1) - A Laboratory Achievement Test 
is administered. 

Lab Method Films were available for all exercises which 

involved collection of data by direct measurement. These 

six experiments were selected in consultation with different 

lecturers in Physics 131 over a period of six semesters. The 

general approach for each experiment was to explore some 

theoretical considerations and to test the conclusions reached 

for validity from an experimental point of view. 
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Hie Laboratory Achievement Test 

At the beginning of the fall semester of 1970, six 

Laboratory Method Films were available. Each had been 

critiqued by students in the pilot study and revised 

accordingly. Thus, all the films were judged to be adequate 

for the purpose of this study. Also, a test instrument had 

been prepared as part of the pilot study. 

To accomplish, the purpose of this study, an instrument 

to measure the achievement of students in the introductory 

physics laboratory was required. Since no suitable standard 

test was available for this purpose,it was necessary to 

devise a special instrument (4). This instrument, entitled, 

Laboratory Achievement Test, was designed to test the 

students' familiarity with those experiments for which lab 

method films were available. Specifically, it included items 

concerned with theory, data interpretation, calculations, 

apparatus, procedures, and/or sources of errors for the 

six experiments discussed previously. It also included a 

section designed* to collect the individual data needed to 

place students in categories such as age, sex, and academic 

standing. 

A preliminary version of the Laboratory Achievement 

Test was administered to students enrolled in Physics 131 

for the spring semester of 1970 at North Texas State University. 

An item analysis was performed at the North Texas State 

University Computing Center and used as a basis for revisions. 
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Those questions which v/sr-a answered incorrectly by over 

60 per cent of the students were revised or replaced. Also, 

revisions in phrasing were made in cases when students had 

selected a particular incorrect choice frequently. Thus, 

the level of difficulty of the test was reduced in an effort 

to increase the mean score, which had baen 41 per cent. .. During 

the summer of 1970, further refinement of this revised edition 

was ma.de, in consultation with a professor of physics who had 

extensive experience in testing introductory physics students 

at North Texas State University. This professor recommended 

minor changes in phrasing for a few items on the test. 

The refined version of the test was administered to 

students who were enrolled in Physics 131 for the summer term 

of 1970 and who had been instructed by the six films as part 

of the pilot study. An item analysis of this test was performed 

and used, in consultation with the physics professor, to refine 

the phrasing-on three items. The test was then reviewed by 

two other, physics professors who had extensive experience 

in teaching introductory college physics. These professors 

made suggestions for two word changes which were incorporated 

into a tentative final version of the test. This version 

was then returned to all three physics professors, and they 

approved it as being satisfactory for its intended purpose 

without further change. Thus, the Laboratory Achievement 

Test was adequate for its intended purpose in the opinion 
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of three physics professors who had extensive experience in 

teaching the lecture and supervising the laboratory for 

introductory college physics. 

The mean score on the preliminary version of the 

Laboratory Achievement Test, administered during the 

spring of 1970, was 41 per cent. In this case, the students 

involved had been instructed by four of the films and were 

taught traditionally by various instructors for the other 

experiments performed. After revisions, as indicated previously, 

the test was administered to Physics 131 students in the 

summer of 1970, and yielded' a mean score of 52 per cent. 

These students had been instructed by all six of the films 

and were taught by a different instructor. It may be noted 

that the mean score for all students involved in the study 

was 55 par cent. Furthermore, the mean scores on the Labo-

ratory Achievement Test administered without additional 

modification during the spring of 1971» compare favorably 

with the corresponding mean scores from the fall of 1970. 

While the above mean scores do not yield the degree of. 

reliability desired, these data do indicate that the test 

provided consistent results for the type of students involved 

in the study. 

The Laboratory Achievement Test was concerned with 

specific aspects of a limited number of experiments and was 
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of the multiple choice type. Answers were entered on 

standard IBM sheets by students* The test was scored and 

analyzed at the North Texas State University Computing 

Center, A copy of the Laboratory Achievement Test used in 

this study is included in Appendix I I . 

Organization for the Study 

Upon completion of the six lab method films and the 

Laboratory Achievement Test, there remained the task of 

planning the schedule of classes to provide flexibility in 

selecting the control and experimental groups. Eight Physics 

131 laboratory sections were planned for the fall semester 

of 1970 at North Texas State University, anticipating an 

enrollment of approximately twenty students per section. 

These sections were arranged so that four were to meet on 

Wednesday and four on Thursday. Also, two sections were to 

meet in the morning and two sections in the afternoon on 

each of these days. Thus, it would be possible to pair 

morning with afternoon sections and Wednesday with Thursday 

sections. The plan was to divide the students approximately 

equally between control and experimental groups and to 

administer the Laboratory Achievement Test at the end of the 

semester. The scores on this test would then be analyzed 

to test hypotheses concerning effectiveness of the films. 

The collection and analysis of these scores will be discussed 

in the following chapter. 
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CHAPTER IV 

COLLECTION AND ANALYSIS OF DATA 

In preparing for this study, conducted during the 

fall semester of 1970, steps had been taken as described 

in Chapter III. These were: 

1. Six lab method films had been produced and used with 

students. All films were revised according to suggestions 

and criticisms of students provided through the Film 

Evaluation questionnaire. 

2. 'A Laboratory Achievement Test had been constructed 

and administered to students. Refinements to this test 

were made and a panel of three experienced physics teachers 

judged it as satisfactory for its intended purpose. 

3. A pilot study using the six films and the Laboratory 

Achievement Test was conducted during the summer of 1970. 

4. Eight Physics 131 laboratory sections were arranged 

on the schedule of classes so that sections could be "paired 

appropriately. 

Selection of Instructors 

The laboratory instructors were selected in the 

customary manner by a physics faculty member assigned that 

responsibility by the departmental chairman; i_._e. ,no 

special arrangements for the study were made regarding the 

selection of laboratory instructors. It is the general 
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policy of the Physics Department at North Texas State 

University to appoint a coordinator for multiple-sectioned 

laboratories and that the coordinator be the instructor of 

the section that meets first each week. The instructors 

thus appointed were as follows: 

Section Number Day and Time Instructor "• 

L01 W 8:30-10i00 Mr. H 

L02 ¥ 11:00-12:30 Mr. Y 

L03 W 12:30- 2:00 Mr. R 

L04 W 2:00- 3:30 Mr. Y 

L05 T 8:00- 9:30 Mr. Y 

L06 T 9:30-11:00 Mr. Y 

L07 T 12:30- 2s00 Mr. R 

L0£ T 2:00- 3:30 Mr. C 

The above four instructors were graduate students at 

North Texas State University. Two of these, Mr. H and Mr. 

C, had previous experience as instructors in the Physics 131 

Laboratory. Mr Y and Mr. R had experience only as paper 

graders and laboratory assistants. 

The physics 131 lecture instructors were appointed 

by the departmental chairman in the customary manner. The 

three lecturers had earned the Doctor of Philosophy degree 

in Physics and were Instructors or Assistant Professors in 

Physics at North Texas State University. 
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Selection of Control and 
Experimental 0-roups 

It was anticipated that .sight laboratory sections 

would accommodate all the students who wished to register 

for Physics 131 for the fall semester of .1970j however, 

the enrollment exceeded these expectations and a ninth 

section was added. Efforts to obtain voluntary transfers 

into this new7 section were generally unsuccessful, and 

the twenfth-day class role indicated that there were only 

six students enrolled. Furthermore, only three of these 

students remained in this section until the end of the 

semester. This severely under-enrolled section was excluded 

from the study, since it was not comparable to the other 

sections in which the end-of-semester enrollment ranged 

from eleven to sixteen students. 

The sections selected for control and experimental 

purposes are shovn in Table I, which follows. .The number of 

students enrolled at the end of the semester follows the 

laboratory section number. The instructor's initial is 

indicated for each section, and the number of students 

enrolled at the end of the fourth week is given in 

parentheses. 

The distribution shown in Table I was selected with the 

following considerations as guides: 

1. Approximately equal numbers of students were 

assigned to control and experimental groups. There were 
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fifty-three students in the control group and fifty-four 

in the experimental group at ths end of the semester. 

2. Equal numbers of sections in the mornings and 

afternoons were arranged. The morning and afternoon sections 

each consisted to two experimental and two control sections. 

3. Equal numbers of sections on Wednesday and Thursday 

were arranged. The Wednesday and Thursday sections each 

consisted of two experimental and two control sections. 

4. The first sections of each week to be taught by 

Mr. Y and Mr. R were experimental. This allowed Instructors 

Y and R to use the films before instructing their first 

control sections of each week. 

5. One control and one experimental group was assigned 

to each of the two experienced instructors (Mr. H and Mr. C). 

The two inexperienced instructors (Mr. Y and Mr. R) were 

each assigned equal numbers of experimental and control sections. 

TABLE .1 

EXPERIMENTAL AND CONTROL SECTIONS 

Morning i Sections Afternoon Sections 

WED. 
LOl - 12 
CONTROL 
H - (21) 

L02 - 12 
EXP'TAL 
Y - (25) 

L03 - 13 
EXP•TAL 
R - (20) 

L04 - 16 
CONTROL 
Y - (20) 

THUR. 
L05 - 15 
EXP«TAL 
Y - (21) 

- L06 - 11 
CONTROL 
Y - (22) 

L07 - 14 
CONTROL 

R - (22) 

LOS - 14 
EXP*TAL 
C - (24) 
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It was assumed, than the only factors which influenced a 

student's choice of laboratory section were time of day and 

day of week. The distribution selected, as indicated above, 

balances these factors between the experimental and control 

groups; 

Preparation of Laboratory Instructors 

Duties of the coordinator for the Physics 131 Laboratory 

were the following: 

1. liaison between lecture and laboratory instructors; 

2. selecting experiments to be done (in consultation 

with the lecture instructors); 

3. writing, duplicating, and issuing written materials 

pertaining to the laboratory; 

4. planning of apparatus use to avoid conflicts with 

other laboratory sections (in consultation with the store-

room keeper); 

5. briefing of laboratory instructors on all aspects of 

laboratory instruction; and 

6. supervising laboratory grading. 

The coordinator issued written instructions, included 

in Appendix III, to all laboratory instructors in the study. 

Also, the study was discussed at a special meeting of all 

Physics 131 laboratory instructors. Each instructor was 

given an opportunity to ascertain his role in the study and ask 
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questions, The instructors ware informed that the films 

were to be shown only once to each experimental section. 

In effect, the filras were to substitute for the oral 

presentation given to control sectionsj otherwise, the 

experimental and control sections were to be treated 

identically. The instructors were trained in the proper 

use of the projectors made available by the Physics 

Department. 

The responsibility of the instructor for previewing 

films and written materials as preparation for his first 

laboratory meeting each week was emphasized. In particular 

all instructors were asked to preview both the related 

film and written instructions in advance of their first 

laboratory meeting each weok. The instructors were to 

perform the experiment for themselves if there were questions 

concerning details of the experiment. It was emphasized 

that the two instructors who had not taught the Physics 

131 Laboratory previously should follow this procedure 

each week. Also, these two instructors were assigned 

experimental sections which met prior to their control 

sections each week, which assured that they would be 

familiar with the content of the film before instructing 

a control section. Adherence to this schedule of prepa-

ration may have provided a quality of traditional instruction 
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for the control sections which was superior to typical 

instruction. 

The coordinator was available throughout the semester 

to any instructor who had need for consultation; further-

more, the coordinator was the instructor for the first 

laboratory section of each week and issued memoranda to 

the other instructors concerning any difficulties encountered. 

Also, all written materials pertaining to the Physics 131 

Laboratory, except for the Laboratory Achievement Test, 

were made available to the instructors at the beginning 

of the semester. Thus, the laboratory instructors were 

provided an ample opportunity to be well prepared as 

consultants or instructors in the laboratory. 

Administration and Analysis of the 
Laboratory Achievement Test 

The Laboratory Achievement Test was administered to 

each laboratory section under the personal supervision of 

the Coordinator. He was present to instruct students in 

responding to the individual data items and collect the 

numbered test booklets and IBM answer sheets at the end- of 

each test period. 

The IBM sheets were scored, without correction for 

guessing, by an optical scanner and subjected to a standard 

test analysis at the North Texas State University Computing 

Center. The test analysis process involves transferring 
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data from the IBM answer sheets to standard IBM data cards. 

These cards were then sorted into experimental and control 

groups, and a new test analysis was made for each group. 

A standard Fisherfs t test for the significance of the 

difference between means for the experimental and control 

groups was performed. Since no significant difference was 

indicated, the scores were returned to the instructors 

for use in computing laboratory grades. 

The program used at the North Texas State University 

Computing Center for the Fisher's t test was based on 

McNemar's analysis for the difference between means for 

small, independent samples (1, pp. 101-03). To illustrate 

the statistical formulation used, suppose that E is the 

mean score for the experimental group or one of its sub-

groups, and that C is the mean score for the control group 

or its corresponding sub-group. Also, let N and N be the 
6 C 

respective number of students in the experimental and control 

group or sub-group, and let Xn represent the scores of 

individual students in the sample, i.e.. n = 1, 2, 3 • • • 

(N + N ). The common population variance was obtained. 

using the formula: 

c2
 = 2 (&, - e)?~ + ^(x-n-cf 

0 " ~ Ni + Nc-2 



100 

The t value was then found using the formula: 

E - c 
-fc = 

// (S3/Wa,) + ( S 2 / w c ) 

Smith's distribution of t table was used in conjunction 

with the t value calculated as above and the degrees of 

freedom, (N + I - 2), to determine the level of significance 

(2 , p» 43 0) • 

There were 113 students present for the test. A survey 

of the data cards revealed that three of these had not been 

present for two or more of the periods in which lab method 

films were used. To insure that the groups had been influenced 

by their respective methods of instruction, these three 

students were eliminated from the study. A further survey 

of the data cards revealed that twenty-six students had been 

absent for only one of the periods during which lab method 

films were used. Of these twenty-six students, sixteen 

were in the control group and ten were in the experimental 

group; however, all were retained in the sample, since 

they had been present for more than eighty per cent of the 

six periods involved. 

After disqualifying students who were absent for two 

or more periods when films were used and those in the under-

enrolled section, there remained 107 subjects, 53 in the 

control group and 54 in the experimental group. The data 
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cards for these subjects were returned to the Computing 

Center for sorting and analysis* A Fisher's t test for 

the significance of the difference between means wa.s performed 

for each group and sub-group as required for testing hypotheses. 

The computer output included a t value related to 

each of the research hypotheses presented in Chapter I. 

The degrees of freedom for each case were found by dimin-

ishing the number of subjects in the sample by two. A 

Fisher's Table of it was used to determine the level of 

significance (2). The data and results are tabulated on 

the following page, in Table II. 

Some Data Indicating 
a Possible Trend 

The forty-two items on the Laboratory Achievement Test 

consisted of seven questions about each of the six experiments 

for which lab method films were available. In an effort 

to study the relative merits of the six films, experimental 

and control means were determined and mean differences 

calculated for each of the six experiments. It was supposed 

that, if one of these mean differences was noticeably . 

smaller than the others, it could indicate that the film 

involved was inferior to the other films. On the other 

hand, in view of the conclusions concerning "film literacy" 

stated previously, one should expect that these mean differ-

ences would increase systematically as the semester progressed 

and the students gained experience in learning from lab method 

films. 
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A chronological listing of the experiments and the 

mean differences (experimental minus control means) for each 

experiment is given in the table below. 

TABLE III 

MEAN DIFFERENCES FOR EACH EXPERIMENT 

Experiment Title Mean Difference 

Acceleration Due to Gravity -0.048 

Atwood's Machine 0.259 

Simple Pendulum 0.154 

Centripetal Force 0.129 

Ballistic Force 0.132 

Mechanical Equivalent of Heat 0.347 

From the above table, it appears th&t no systematic 

trend toward increasing mean differences developed; however, 

it may be important to note that the only experiment for 

which the experimental group had a lower mean than the 

control group was for the first filmed experiment of the 

semester. 
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u HAPT.ER V 

CONCLUSIONS, INTERPRETATIONS, 

AND RECOMMENDATIONS 

The research hypotheses stated in Chapter I must be 

reformulated in null form for statistical purposes. The 

directions of mean differences and the levels of significance 

indicate the meaning and validity of these hypotheses. 

Null Hypotheses and Conclusions 

All of the hypotheses discussed'belov; involve differences 

between means on the Laboratory Achievement Test for various 

groups. Each hypothesis v;as restated in null form and inter-

preted according to the level of significance. The numerical 

data related to each hypothesis are displayed in Table II. It 

should be noted from this table, that all experimental means 

are greater than corresponding control means. 

Conclusions concerning the validity of these hypotheses 

apply only to the sample investigated. Tho general conclusions, 

discussed in the following section, may be applied to the 

population associated vdth the sample. For this purpose, 

the population for this study was defined to be students 

enrolled in a non-technical general college physics course; 

i»£*, courses comparable to Physics 131 at North Texas State 

University. The sample for this study consisted of all the 
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students enrolled in Physics 131 at "orth Texas State Univer-

sity for the fall semester of 1970* 

Hypothesis 1: Thara is no significance in the diffe-

rence between the means for the experimental and control 

groups. 

The level of significance in this case was approximately 

17 per cent. Under these circumstances, the null hypothesis 

was retained and the research hypothesis was rejected. Thus, 

there was no significance in the difference between these 

two means. It was concluded that lab method films instruction 

and traditional instruction were equally effective for the 

sample investigated. 

Hypothesis 2: The mean score for the experimental 

males is not significantly different as compared to the 

mean score for control males. 

The level of significance was approximately 52 per cent 

and the null hypothesis was retained. The research hypothesis 

was rejected and there was no significance in the difference 

between these two means. It was concluded that, for male 

students in the sample, laboratory method film instruction 

and traditional instruction were equally effective. 

Hypothesis 3' The mean score for the experimental 

females is not significantly different as compared to the 

mean, score for control females. 
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The level of significance in this case was approximately 

15 per cent. The null hypothesis was retained and the research 

hypothesis was rejected# There was no significance in the 

difference between these two means. It was concluded that, 

for female students in the sample, lab method film instruction 

and traditional instruction were equally effective. 

Hypothesis 4: The mean score for experimental students 

who had previous academic experience in physics is not 

significantly different when compared with the mean score for 

control students who had previous academic experience in 

physics. 

In this case the level of significance was less than 

1 per cent. Under these circumstances, the null hypothesis 

was discarded and the research hypothesis was accepted. 

These two means were significantly different. Since the 

experimental sub-group scored significantly higher than the 

control sub-group, it was concluded that lab method film 

instruction was more effective than traditional instruction 

for students in the sample who had previous academic 

experience in physics. 

Hypothesis 5: The mean score for experimental students 

who had no previous academic experience in physics is not 

significantly different when compared with the mean score for 

control students who had no previous academic experience in 

physics. 
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The level of significance was in excess of $0 per cent 

in this case. The null hypothesis was retained and the 

research hypothesis was rejected. It was concluded that, for 

students in the sample with 110 previous academic experience 

in physics, laboratory method film instruction and traditional 

instruction were equally effective. 

Interpretations and General 
Conclusions 

Without exception, among the categories of students 

involved in the above hypotheses, the experimental groups 

scored higher on the Laboratory Achievement Test than did 

the corresponding control groups. On this basis one may 

draw the general conclusion that laboratory method films are 

an effective means of instruction in the introductory, non-

technical college physics laboratory. The implication of 

the uniformly higher mean scores for experimental groups as 

compared to control groups was that the films may have been 

more effective than traditional instruction. In general, 

the differences observed were not statistically significant, 

and it is more likely that they occurred as a result of chance 

rather than the method of instruction. Furthermore, the 

higher mean score for the experimental group was, for practical 

purposes, accounted for by those students who had previous 

academic experience in physics,and this was the only sub-group 

with significantly different scores. Upon these considerations, 
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for the sample studied, it was concluded that lab method 

film instruction and traditional instruction were, in general, 

equally effective; furthermore, lab method film instruction 

•was more effective than traditional instruction for students 

experienced in the study of physics. 

Among those students experienced in the study of physics, 

the films appeared to be more effective than traditional 

instruction. That this significant difference occurred may 

indicate that experienced students learned readily from the 

films what was to be done and proceeded with little difficulty 

in carrying out the experiment. On the other hand, it could 

be that students experienced in the study of physics found 

the traditional presentation boring and tended to lose 

interest in the experiment. They may also have felt 

threatened by lack of time to adequately collect data after 

a traditional presentation. That this was the only significant 

difference to occur in the study may indicate that the films 

were too advanced for inexperienced students. The films 

were designed so that they could also be used in a technical, 

introductory physics laboratory;' therefore, perhaps these 

films demanded a degree of sophistication not within the scope 

of students inexperienced in the study of physics. 

Additional Data from the 
Spring Semester 

The six films and the Laboratory Achievement Test used 

in this study were used without modification in three sections 
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of Physics 131 Laboratory during the spring semester of 1971® 

Two of the periods which had been used for "Math Review" in the 

fall were used in the spring for two other exercises entitled 

"Measurements" and "Force Table"; otherwise, the content 

and organization of the laboratories for the two semesters 

were comparable. Thus, the students enrolled in Physics 

131 Laboratory for the spring semester may be thought of as 

an extension of the experimental group for the fall semester. 

These three sections had a total of fifty-three students 

enrolled at the beginning of the semester; however, only 

thirty of these were present to take the Laboratory Achievement 

Test at the end of the semester. Five of these thirty students 

had iio'G been pi'eswuu fox* L.,o or more of Llie six 

involved, leaving twenty-five students comparable to the fall 

semester experimental group. 

The mean score for these twenty-five students was 23.3 

on the Laboratory Achievement Test. The means on this test 

for the fall semester were 23.8 and 22.6, respectively, 

for the experimental and control groups. Both the fall and 

spring experimental groups had slightly higher mean scores 

on the Laboratory Achievement Test than did the fall control 

group. Thus, the data from the spring semester tend to 

supposrt the conclusion that lab method film instruction and 

traditional instruction were equally effective for the type of 

students involved in this study. 
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Ten of the twenty-five students under consideration had 

previous experience with physics, and their mean score was 

25.0, which may be compared to 27.2 for this experimental 

sub-group from the fall semester, The difference between 

the means for the spring experimental and fall control groups 

was almost entirely accounted for by the better performance -

of students experienced in the study of physics. These data 

tend to support the conclusion that lab method films were 

more effective than traditional instruction for students 

who had previous experience in the study of physics. 

r . The means for the spring experimental group and sub-

groups were generally similar to the .corresponding means for 

the fall groups. There is, hai\rever, one notable exception 

to this generalization. As had been the procedure in the 

fall, mean scores for the Laboratory Achievement Test were 

determined for each of the six experiments involved. The 

differences between these means for the spring experimental 

and fall control groups were calculated. These results, 

with experiments number chronologically, are displayed along 

with the results for the fall semester in Table IV. The 

mean differences are experimental minus control means. 

The possible trend toward systematic mean differences 

as the semester progressed, discussed in Chapter 17, in the 

fall' data apparently did not continue with the spring data. 

The mean differences listed in the table appear to be of a 

random rather than a systematic nature. This may be the 
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result of a lack of sensitivity in the testing instrument or 

a lack of consistent achievement in either of the experimental 

groups or in the control group. In any event, these data 

do not support a tentative hypothesis to the effect that 

"film literacy" played a significant role in learning from 

lab method films for students of the type involved in this 

study. 

TABLE IV 

MEAN DIFFERENCES FOR EACH 
EXPERIMENT FROM THE FALL 
AND SPRING SEMESTERS 

Experiment Mean DITferences 
Number Fall Spring 

1 -0 .043 0.427 

2 0.259 0.497 

3 0.154 -0.2S5 

4 0.029 -0.304 

5 0.132 0.5^5 

6 0.347 -0.542 

Recommendations 

Whatever the reasons for the significant difference 

found for the students experienced in the study of physics, 

the difference does have implications for further studies. 

It is recommended that this study be reproduced, except that 

the sample should be students in general technical physics 



113 

rather than students in general non-technical physics. This 

sample change should increase the ratio of experienced to 

inexperienced students. If the films are, in general, more 

effective than traditional instruction for this category of 

students, a significant difference could be found without 

regard to other characteristics such as sex, classification, 

and age. 

Since lab method films appear to be as effective as 

traditional instruction, it is recommended that additional 

films be produced and that their use and effectiveness be 

studied. It is suggested that manufacturers of laboratory 

and audio-visual equipment be approached as potential sources 

of support for production of additional original films. 

Perhaps copies of films could be sold to other schools as 

a means of supporting additional film production. It appears 

that the advantages, other than improved learning, of lab 

method films, as discussed in Chapter I, could justify 

the necessary investment. 

It is also recommended that films for use with non-

technical students should demand less sophistication than did 

the films used in this study. Otherwise, the design and 

production criteria used for the films related to this study 

maybe applied. By demanding less sophistication of the 

inexperienced students, a significant difference may be 

found without regard to the degree of previous academic 

experience in physics. 
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Some of the related research, described in Chapter II, 

suggests appropriate design criteria other than those used 

for the films in this study. For example, in view of the 

possible significance of the "rest break," one should consider 

stopping the projector occasionally. The room lights could 

be turned on briefly while students examine some aspect of 

the equipment they are about to use. One should also consider 

the possibility of designing films so that a sound film gives 

students an overview of the experiment under consideration. 

The details of various phases of an experiment to be performed 

by students might be put on silent film loops to be viewed 

in conjunction with written instruction. Thus, each group 

of students could view a film on the phase being done and 

then proceed to do that phase. The immediate reinforcement 

of accomplishing a phase could influence students and cause 

the films to be more effective than when detailed instructions 

are received in one showing of a film. Also, this procedure 

would allow each group of students to review, immediately, 

the silent film related to some phase or aspect of the 

experiment with which they are experiencing difficulty. 

This is not to suggest that all instructions could be 

provided successfully with silent films; however, silent 

films following an overview sound film would seem to offer 

some advantages over the technique used in this study. 

Ideally, future studies of an audio-visually instructed, 

traditionally organized laboratory, should involve the use of 
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lab method films for each laboratory period during a 

semester or year. If, in general, lab method films are 

more effective than traditional instruction, the use of a 

greater number of films could lead to a significant 

difference for all groups or sub-groups. At least fourteen 

films for a typical college semester would be required? 

however, if fewer than fourteen films are available, they 

should concern those periods for which numerical data is 

gathered rather than discussion periods such as "Introduction" 

or "Synthesis of Acceleration Data." 

It should be emphasized that this study was concerned 

directly with audio-visual instruction in a traditionally 

organized laboratory and was concerned with the open laboratory 

organization only as a long-term objective. It is recommended 

that a study of the open laboratory organization be conducted 

when a sufficient number of films is available. Ideally, 

for a one-semester study, this would require about twenty 

films so that students could have an opportunity to select 

from those available. Also, projectors with adequate 

viewing facilities would be needed. A limited study of an open 

laboratory could be conducted for a period of time shorter 

than a semester. In any event, the film series should 

include some overlapping topics and be sufficient in number 

to provide students with a choice of which experiments they 

do. However, it is preferable that a complete semester of 
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audio-visual instruction be studied before evaluating the 

open laboratory organization, thus providing an opportunity 

to refine films according to students' evaluations. 

Summary 

Six lab method films were produced and refined through 

student use and evaluation. Students registered for Physics 

131 at North Texas State University during the fall semester 

of 1970 were divided into an experimental group and a control 

group. The experimental group was instructed by these films 

for six experiments during the semester while the control 

group was taught in a traditional manner, A Laboratory 

Achievement Test concerning the six experiments was adri.nist-ered 

to these students at the end of the semester. This test had 

been refined through student use and in consultation with 

a panel of three experienced college physics teachers. This 

panel of teachers approved the test as being satisfactory 

for its intended purpose. The Laboratory Achievement Test 

used in this study produced consistent mean scores for three 

consecutative semesters with the type of students involved 

in the study. 

The mean scores on this test for the two groups and their 

various sub-groups were subjected to statistical analysis 

for the purpose of testing hypotheses. With one exception, 

there were no significant differences observed. This exception 
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occurred in the sub-group of students who had previous 

experience in the study of physics. In this sub-group, the 

experimental students had greater mean scores on the Laboratory 

Achievement Test, at the 1 per cent level of significance, 

than did the same sub-group of control students. The 

experimental group and its sub-groups uniformly had higher 

mean scores on the Laboratory Achievement Test than did the 

control group and its corresponding sub-groups• 

It was concluded that, in general, lab method films and 

traditional instruction were equally effective for the intro-

ductory, non-technical college physics laboratory, and that 

these films were more effective than traditional instruction 

for students experienced in the study of physics. It was 

recommended that further studies of audio-visual instruction 

in the physics laboratory be carried out and that the open 

laboratory organization be studied when a sufficient number 

of films is available. 



APPENDIX I 

Film Evaluation 

INSTRUCTIONS: Put only the film title in the name blank 
on the IBM sheet. Answer part one questions immediately 
after viewing the film. Answer the remaining questions as 
a last item of business for the lab period i.e. just before 
leaving. Do not mark on the question sheet and put your 
response directly on the IBM sheet which requires the use of 
a soft lead pencil. Answer each questionTrom a strictly 
personal point of view not influenced by opinions which others 
may have. Do not put your name on the answer sheet or mark 
on the question sheet. Be aware that your responses are not 
related to your grade. Your opinions and comments concerning 
this particular film will be very valuable in judging its 
merit and revising it for future use. Use the back side of 
the answer sheet (You may write anywhere on the back side of 
the IBM sheet.) for any comments you may have,particularly if 
your point is not adequately reflected in the multiple choice 
answers. For example, comment on any step of the procedure 
which was not presented well enough by the film. This effort 
is to improve the lab for future student generations so we 
need only a count-" Your- indulgence and pppraisals 
are earnestly requested and shall be greatly appreciated. 

PART Is 

1. The picture quality so far as seeing (not understanding 
ideas) is concerned is 
1. good 
2. adequate 
3. barely satisfactory 
4. slightly unsatisfactory 
5. highly unsatisfactory 

2. The sound quality so far as hearing (not understanding 
ideas) is concerned is 
1. good 
2. adequate 
3. barely satisfactory 
4. slightly unsatisfactory 
5. highly unsatisfactory 

3. The rate of talking (not rate of presenting different 
• ideas) for this film is 
1. much too fast 
2. slightly too fast 
3. about right 
4. slightly too slow 
5. much too slow 
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4. The pace, (rate of prssentirsg inforiration or different 
ideas) for this film is 
1. much too fast 
2. slightly too fast - -
3. about right 
4. slightly too slow 
5. much too slow 

5. Considering the amount of information to be conveyed, 
the viewing time for this film is 
1. much too long 
2. slightly too long 
3. about right 
4. slightly too short 
5. much too short 

6» As I watched the film, the number of times I felt a real 
need to review a particular point was . 

7. 

1. more than five 
2. 4 or 5 
3. 2 or 3 
4* once 
5. none 

As I watched the film 
was 

1. very strong 
2. moderately strong 
3. slight 
4. very slight 
5. nonexistent 

8. At the end of the film, my feeling concerning my ability 
to perform this experiment (confidence level) is best 
characterized as being 
1. essentially adequate 
2. more adequate than inadequate 
3. uncertain of adequacy 
4. more inadequate than adequate 
5. essentially inadequate 

9. My level of confidence at the end of the film as compared 
to my typical level after instructions presented by the 
instructor is 
1. much greater confidence with film 
• 2. slightly greater confidence with film 
3. about the same in each C8.se 
4. slightly greater with instructor 
5. much greater with instructor 
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10. Nov/ that I am ready to begirt the experiment, my need or 
desire to review the written instructions is 
1. very great 
2. moderately great 
3• slight 
4. very slight 
5. nonexistant 

PART II: Answer the remaining questions from a retrospective 
point of view, i.e. . after using the apparatus 
discussed to obtain some data and just before 
leaving. 

11. Retrospectively, the viewing time for this film is 
1. much too long 
2. slightly too long 
3. about right 
4. slightly too short 
5. much too short 

12. My success (sufficiency) in collecting data for this 
experiment as compared to my typical success when 
instructions were presented by the instructor is 
1. much greater success with the film 
2. slightly greater success with the film 
3. about the same in both cases 
4. slightly greater success with the instructor 
5. much greater success with the instructor 

13. The number of times we (as group) found it necessary to 
consult with the instructor was 
1. none 
2. one 
3. two 
4. three 
5. more than three 

14. The,number of times I (as individual) found it necessary 
to refer to the written instructions was 
1. more than five 
2. 4 or 5 
3. 2 or 3 
4. once 
5. none 

15. Everything considered, for its intended purpose, this 
film is 
1. excellent 
2. good 
3. satisfactory 
4. unsatisfactory 
5. highly unsatisfactory 
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16. The approximate time at which I became reasonably confident 
that I could collect adequate data for this experiment was 
1. during the viewing of the film 
2. within ten minutes after receiving the equipment 
3. after examining the equipment and discussing it with 

group members 
4. after actually collecting the data 
5. still not confident at the end of the period 

17. Regarding my own judgement of this film, filmed instructions, 
and/or the "open" lab operation 
1. I have written some comment on the back side of the 

IBM sheet 
2. I have not commented since I believe the questions 

have allowed me to express my views adequately 
3. I have not commented because I don't wish to 

l£. If the instructions for many experiments (more than is 
customarily done) were on films, and arrangements were 
made so that students could select an experiment from a 
list of possibilities and decide, within an organizational 
framework, the time (of day and week) when they collect 
data, the lab would be 
1. noticeably improved 
2. slightly improved 
3. about the same 
4. slightly inferior 
5. noticeably inferior 

19. If the instructions for all experiments were on films 
such as this, as compared to the regular ("live") 
method of instruction, the lab would be 
1. noticeably improved 
2. slightly improved 
3. about the same 
4. slightly inferior 
5. noticeably inferior 

20. Bs.sed on my own experience with lab method films, I would 
say that 
1. they are very worthwhile and similar films should 

be produced 
2. a few others should be made to study their possible uses 
3. I have no opinion about the desirability of such films 
4. it is not likely that additional films would be helpful . 
. 5. such films have little or no merit and no additional 

films are desirable 
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INDIVIDUAL DATA SHEET 

LABORATORY ACHIEVEMENT TEST 

INSTRUCTIONS: 

1. Put your name, age, sex, and lab section number on the 
IBM sheet only. Do not mark on this booklet! 

2. Each line of the block headed (IDENTIFICATION NUMBER" (in 
the upper right corner of the IBM sheet) is to be used in 
responding to one of the items (A through J) below. Write 
the letters A through J dov.n the column headed by an arrow 
along the left side of the "ID" block. 

3. Use only a soft lead pencil and darken heavily the area 
between thedotted lines as you respond to items A through 
J below. Mark in the column under the appropriate number 
describing your category. 

A. Your lecture section number. Nark under the appropriate 
number, but do not use "zero" for this item. 

B. Your laboratory section number. Mark under the appropriate 
number, but do not use "zero" for this item. 

C. Sex: 0. male 1. female 

D. Academic major: 

0. Biology 
1. Mathematics, Chemistry, or Physics 
2. Industrial Arts or Home Economics 
3. Education 
4. Music, Art, Drama, or Speech 
5. English or Foreign Language 
6. Journalism or Business Administration 
7. Government or History 
8. None of 1 - 7 but in the School of Arts and Sciences 
9. None of 1 -7 and not in the School of Arts and Sciences 

E. Previous academic experience with physics excluding "general 
or physical" science prior to the current semester: 

0. No academic experience with Physics prior to the 
current semester 

1. Courses in high school or college roughly equivalent 
to one year 

2. Courses in high school or college equivalent to more than 
one year 
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F. Previous academic experience with laboratory sciences 
excluding "general or physical" science prior to the current 
semester i.e. approximate total number of years of Biology, 
Chemistry, and/or Physics in*either high school or college: 

0. none 
1. 1/2 
2. 1 
3. 11/2 
4. 2 
5. 2 1/2 
6. 3 
7. more than 3 years 

G. Academic classification in semester hours completed at the 
beginning of the current semester: (Numbers are inclusive). 

0. 0-3 
1. 9-14 
2. 15-29 
3. 30-44 
4. 45-49 
5. 60-74 

75-39 
7. 90 or more 

H. Academic standing at beginning of current semester in 
terms of approximate grade point average (based on 4): 

0. 0.5 
1. 1.0 
2. 1.5 
3. 2.0. 
4. 2.5 
5. 3.0 
6. 3.5 
7. 3.75 
S. 4.0 
9. Undefined (first semester in college) 

I. Number of "lab method films" which you actually viewed and 
used as part of the instructions for collecting data in the 
Physics 131 lab. Mark zero if you are in a control section 
which used no films. Otherwise, mark under the number of 
films which you actually used. The titles of the six available 
films are: 

FREE FALL CENTRIPETAL FORCE 
ATwOOD1S MACHINE ' BALLISTIC PENDULUM 
SIMPLE PENDULUM MECHANICAL EQUIVALENT OF HEAT 
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J. Number of lab period you were absent when one of the 
above six experiments were being done (regardless o7 TaF 
sec. no.)'. Do not count absences for periods other than the 
above six. I-larF under the number of absences,i.e. the number 
of above experiments which you missed doing. 

LABORATORY ACHIEVEMENT TEST 

INSTRUCTIONS: The following questions pertain only to the 
six major experiments listed in "I" above as they were done 
this semester. Test scores for all sections will be combined 
and used as a factor in determining lab grades; therefore, it 
will be to your advantage not to discuss this test with other 
students who may take it at a later time. 

^se °nly a soft lead pencil and darken heavily the area between 
the dotted lines corresponding to your choice. Read all the 
choices before making a selection and, if none are appropriate, 
mark 5 on the IBM sheet. Turn in all question and answer sheets 
when you have finished. 

1. 

2. 

FREE FALL 

In the "Free Fall" experiment the positions of a falling 
object are 

1. equally spaced in distance 
2. marked at equal time intervals 
3. the result of a constant speed 
4. such that any two positions may be used to calculate 

a value of "g«" 

Both of the following laws were used in the theoretical 
analysis showing that the acceleration of an object 
under the influence of gravity should be constant during 
"Free Fall" 

1. 
2. 

3. 
4. 

F = ma (Newton's Second Lav/) and the Law of Gravity 
F = ma (Newton's Second Law) and Action = Reaction 
(Newton's Third Law) 
Inertia (Newton*s Frist Law) and the Law of Gravity 
Inertia (Newton's First Lav/) and Action 
(Newton's Third Law) 

Reaction, 

3. The timing device used in the "Free Fall" experiment utilized 
as its basic timing mechanism 

1. a micro-timer clock with a start-stop switch 
2. a stop watch 
3• the 60 cycle per second commercial electric power source 
4. a tuning fork 
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4» In the non-computerized version of the "Free Fall" 
experiment, a more efficient (less time required ) 
single calculation of "g" would be involved if 

1. one reads the object position from a two-meter stick 
2. vernier calipers are used to determine the distance 

between points 
3. alternate points are used 
4. only two points are used 

5. A graphical analysis of data from the "Free Fall*' 
experiment would 

1. not be appropriate since there is only one measurable 
variable 

2. not allow a determination of "g" 
3. involve a plot of distance vs. the square of time 
4. not indicate internal consistency of data 

6. One change in procedure or in equipment design which would 
improve, significantly, the "Free Fall" experiment and 
constitute a more thorough check of theory would be to 

1. make the wires longer 
2* u s0 a, longer or stick 
3. provide a quick release mechanism 
4. provide a means of.changing the mass of the falling 

object 

7. A significant inherent source of error in the "Free Fall" 
experiment is 

1. friction 
2. bounce at the bottom of the fall 
3. irregularities of the arc 
4. inertia of the object is not accounted for 

ATWOOD'S MACHINE 

The computerized version of "Atwood's Machine" requires 
that 

1, all counterbalance measures be other than zero 
2. consecutive positions along a continuous distance 

scale at equal time intervals be provided for the computer 
• 3. the path traversed by the object not exceed one meter 
4. the distance traveled in each time interval be computed 

before sending data to the computer 



126 

9. The "Atwood*s Machine" apparatus is the same as the "Free 
Fall" apparatus except that a 

1. meter stick was added 
2. different timer was used 
3. longer tape was required 
if. pulley, cord, and counter-balance weights were added 

10. The basic physical law used to write two equations in 
two unknowns (T & a) in the theoretical analysis of 
"Atwood's Machine" was Newton * s 

1. first law of motion (Inertia concept) 
2. second law of motion (F = ma) 
3. third law of motion (action = reaction) 
4. lav/ of gravity 

11. In the analysis of "Atwood*s Machine" data one could 

1. make a plot of acceleration vs. counterbalance mass 
2. compute a per cent deviation between the two members 
of of the equation 
3. determine a value for 
4. do all of the above 

12. So far as testing the "Atwood Machine" formula for calcu-
lating acceleration is concerned 

1. it is not necessary to know the mass of the object 
which falls downward 

2. it is not necessary to know the counter-balance mass 
3. it is not necessary to know the acceleration of gravity 
4. all of the above must be known 

13. Regarding errors in the "Atwood's Machine" and considering 
friction, one should expect that the error would be for 
any one calculation of "a" 

1. larger when the counter-balance mass is almost as 
large as the primary mass 

2. larger when alternate points are used than when 
consecutive points are used 

3. smaller if points near the top are used than when 
points nearer the bottome are used. 

4. reduced when the counter-balance cord is shortened 

14. As objective (s) for "Atwood*s Machine" we had 

1. to indirectly test one of Newton's laws 
2. to determine a value for "g" by extrapolation 
3. to test the "Atwood's Machine" acceleration formula 
4» all of the above objectives 
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SIMPLE PENDULUM 

15. Regarding the apparatus used in the "Simple Pendulum" 
experiment 

1. the bob may be any relatively dense object whose 
center of gravity is known 

2. the bob may be any relatively small object whose 
• geometric center is known 

3. the bob must be free to swing through at least ten 
degrees 

4. a start-stop type of timer is required 

16. The theoretical analysis of the "Simple Pendulum" involved 

1. multiple applications of Newton1s second law of motion 
2. finding the tension in the cord in terms of other 

parameters 
3. showing that a pendulum must always swing with a 

small deflection angle 
4. showing that the simple pendulum approximates simple 

harmonic motion for small deflection angles 

17. The data collected to test the "Simple Pendulum" formula 

1. multiple applications of Newton1s second law of motion 
2. finding the tension in the cord in terms of other 

parameters 
3. showing that a pendulum must always swing with a 

small deflection angle 
4. showing that the simple pendulum approximates simple 

harmonic motion for small deflection angles 

IS. Someone has suspended a weight hook by a cord from a 
rigid support and asserts that he can show that the period 
of the pendulum is independent of the bob mass by doing no 
more than adding weights to the hook and determining the 
period" in each case. This would not be an appropriate 
procedure because the 

1. air resistance would increase significantly as weights 
are added. 

2. angle of swing would become too large with larger 
weights 

3. effective length of the pendulum would not be constant 
4. cord would break before sufficient weights could be 

added 
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19. One of the objectives of the "Simple Pendulum" experiment 
was to 

1. verify that the period squared is proportional to the 
length 

2. show that the period is independent of the bob mass 
3. determine the acceleration of gravity 
4. all of the above objectives 

20. If the length of a simple pendulum is made four times 
greater, its period would be 

1. one half as much 
2. one fourth as much 
3. four times as much 
4. twice as much 

21. A grandfather clock (the kind with a pendulum) is known 
to run too fast. To correct this one should 

1. make the pendulum longer 
2. make the pendulum shorter 
3. lubricate the pendulum bearings 
4. put the clock in a cooler room 

CENTRIPETAL FORCE 

22. The centripetal force applied to the mass in our test 
of this law ("Centripetal Force") was supplied by 

1. a string 
2. muscles 
3. a spring 
4. gravity 

23. In the theoretical derivation of the "Centripetal Force" 
formula, we 

1. subtracted two velocity vectors in finding the acceleration 
2. assumed that the centripetal force is towards the center 

of the circle 
3. could not apply Newton's second law of motion since 

the speed was constant i.e. a - 0 
4. found that the centripetal force is balanced by the 

centrifugal fource on the mass under investigation 

24. In "Centripetal Force" the force under investigation was 
measured with 

1. an equal arm balance 
2. weights which included the weight of the mass under 

investigation 



129 

3. weights which do not include tlie weight of tue mass uituer 
investigation 

4. a spring balance 

25. In testing the "Centripetal Force" formula, the mass 
under investigation was 

1. mounted so that the radius of the circular path could 
be conveniently varied and measured for several 
different values 

2. not one of the parameters required to be known 
3. enclosed in a frame and could not be removed conveniently 

for determination of the mass 
4. enclosed in a frame which we had to open for removal and 

determination of the mass 

26. The apparatus used in "Centripetal Force" is designed so 
that only limited testing could be accomplished since the 

1. mass was unknown 
2. force involved could not be varied 
3. speed involved could not be varied 
4. mass and radius involved could not be varied conveniently 

2 7 . Suppose each parameter in F = r n v ^ / r has been measured with 
our t:Cencripetal Force11 equipment, we expect to obtain a 
straight line graph for this data when the variables plotted 
are 

1. mass vs. square of speed 
2. force vs. radius 
3. force vs. square of speed 
4. mass vs. reciprocal of radius • 

28. To indicate the valididty of the "Centripetal Force" equation 
as determined from experimental data one should 

1. compute a percent deviation between the two members of 
the equation 

2. compute a percent error considering the measured force 
as correct 

3. discuss the graph of force vs. acceleration 
4. superimpose the theoretical and experimental graph for 

acceleration vs. mass 

BALLISTIC PENDULUM 

29. The "Ballistic Pendulum" apparatus provides a variable 

1. height by regulating the pendulum length 
2. range .by removing the pendulum from the frame 
3. initial speed by regulating the compression of a spring 
4. mass to show that the components of motion are independent 
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30. Which of the following whould be used to indicate the 
extent of agreement between the two methods for deter-
mining the projectile speeds measured with the "Ballistic 
Pendulum?" 

1. percent deviation between the results obtained by the 
two methods 

2. percent error considering the pendulum method as 
correct 

3. percent error considering the projectile method as 
correct 

4. deviations between the two members of an equation 

31. The projectile used in the "Ballistic Pendulum" experiment 
was 

1. made of lead 
2. impelled by gas pressure 
3. designed so that its mass could be conveniently changed 
4. subject to gravity immediately upon leaving the impeller 

in both the pendulum and projectile measurements 

32. The following basic laws of physics were applied in the 
theoretical analysis (derivation of v by pendulum method) 
of the "Ballistic Pendulum" 

1. Newton's second (F = ma) lav/ of motion and gravitational 
law 

2. conservation of both energy and momentum 
3. conservation of energy 
4. conservation of momentum 

33* In investigating the initial speed by the projectile method 
in the "Ballistic Pendulum" experiment, the things measured 
which constituted the raw data were 

1. initial speed and angle of inclination 
2. length of the projectile's trajectory 
3. horizontal distance traveled and angle of inclination 
4. horizontal distance traveled and vertical distance 

traveled. 

34* Regarding the theoretical analysis of the pendulum method 
in "Ballistic Pendulum" 

. 1. the gravitational law was applied to show that the 
acceleration should be constant 
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2. the law of conservation of meraentum was applied during 
the impact 

3. the law of conservation of energy was applied during 
the impact 

4. Newton's second law of motion was applied to find 
an expression for the acceleration 

35. The pointer attached to the bob in "Ballistic Pendulum" 
indicates the 

1. direction the gun would fire,i.e. a sighting 
mechanism "" ~~ 

2. center of gravity of the pendulum including only 
the support rod and bob 

3. center of gravity of the pendulum including the 
rod, bob, and projectile 

4. position on the rachet arrest after firing 

MEHCANICAL EQUIVALENT OF HEAT 

36. Heat and mechanical energy are 

1. identical in all respects, i. e. defined in the same 
way 

2. different units for the same fundamental entity 
3. essentially unrelated 
4. interconvertable at a fixed rate, ,i. <3. a calorie 

is always a certain number of joules ~ 

37. The cylinder used in "Mechanical Equivalent of Heat" 
upon which a frictional force acted was 

1. insulated on the inside to minimize heat loss 
2. made of aluminum 
3. a hollow copper drum which could contain some 

liquid 
4. completely filled with water at room temperature 

33. One step in the procedure for "Mechanical Equivalent of 
Heat" was to 

1. completely fill the drum with water 
2. determine air temperature 
3. find the number of rotations to cause 1°C temper-

ature increment 
' 4. measure the diameter of the drum 
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39* In "Mechanical Equivalent of Heat" we desired a temp-
erature increment 

1. resulting from 200 truns of the crank 
2. equally spaced above and below room temperature 
3. associated with 50 gm of water 
4. which would not increase the drum pressure significantly 

40. Specific heat is defined as the heat transferred 

1. in melting a unit mass 
2. when a unit mass is vaporized 
3. when unit mass changes by unit temperature 
4. when water absorbs or liberates heat 

41. Regarding the thermometer used in "Mechanical Equivalent 
of Heat" 

1. the heat required to change its temperature was 
neglected 

2. its water equivalent was used 
3. it could not be read with greater precision than 

one degree 
4. it was calibrated in farenheit degrees 

42. Suppose you have measured the "Mechanical Equivalent of 
Heat" several times and wish to indicate both internal 
consistency and accuracy of your measurements. You should 
use 

1. percent deviation 
2. percent error using the accepted value for comparison 
3. a plot of force vs. heat generated. 
4. a plot of work vs. number of rotations 

TURN IK IBM SHEET AND ALL ANSWER SHEETS 



APPENDIX III 

TO: Physics 131 Laboratory Instructors 

FROM: The Physics 131 Laboratory Coordinator 

We are soon to begin a series of experiments which 
will be conducted in such a way as to provide data for 
an evaluation of lab method films. The organizational 
framework for this series is as follows: 

(1) Certain sections designated as experimental 
will use lab method films supplemented by written 
instructions. Other sections designated as control will 
be instructed in the conventional manner. Each^Instructor 
responsible for control sections will use the film during 
their first lab period of each week so that they may be 
prepared to present the same material to their control 
sections. The lab method films are kept in the store-
room and may be previewed by an interested persom. 

(2) Instructors for the experimental group will 
not present a formal pre-experiment discussion as has 
fcecrf customary and will substitute the appropriate lab 
method film for this discussion. Experimental group 
instructors will function as concultants to students 
who have received their instructions by film and are 
proceeding to do the experiment. The instructors for 
the control group will not use lab method films and m i l 
present a pre-experiment discussion and proceed in the 
customary manner. 

(3) All sections mil take a Laboratory Achievement 
Test concerning only those experiments for which lab 
method films are available. The weighing of this test 
for grade purposes is left to the discretion of each 
instructor and all students must be informed only that 
it is a factor in grade determination. This test will 
be administered and machine scored under the direction 
of the coordinator during the period following the last 
use of lab method films. The results m i l be made avail-
able to all instructors. 

Within the above framework each instructor has the cus-
tomary freedom to work with his section as he believes 
is most appropriate. 
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