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AN EVALUATION OF EDUCATIONAL FILMS IN THE TEACHING 

OF HIGH SCHOOL PHYSICS IN OREGON 

CHAPTER I 

INTRODUCTION 

There is a current wave of grave concern over 

science education in the United States. This concern 

stems naturally and largely from the successful Soviet 

satellites launched since October, l97. These success- 

ful satellite launchings, which imply Russian advance- 

ment in science and technology, have raised the basic 

question of human survival. 

The question of human survival has renewed Amen.- 

cafls' interests in all ar as of education, and in partic- 

ular in the fields of science. This mass interest, at 

the local, state, and national levels, is bringing about 

an Immediate and healthy re-evaluation of our educational 

processes. The press, radio, and television have given 

great emphasis to educational questions and problems. 

Laymen and professional groups alike are looking more ser- 

iously at educational content and teaching methods. 

On the national scene, approximately O per cent 

of the high schools do not offer a course in physics. 

(1, p. III) In Oregon, a study covering the l9S7-1955 

school year revealed that L4.7 secondary schools had not 

offered physics during the past two consecutive 
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years.* While this figure represents 21.2 per cent of 

oregon's secondary schools, fortunately, it affected a 

smaller percentage of the students. This is one of the 

reasons. The frequency of the number of schools not 

offering pnysics was higher in the schools with lower 

average daily membership. Therefore, the average daily 

membership affected was 2.8 per cent. Nevertheless, phys- 

ics should be available to all students who ar able to 

profit from the course. 

The above-mentioned references point out two 

specific needs to improve physics instruction in secon- 

dary schools: 

1. The need to extend instruction in physics 

to all schools so tiat it Is offered either 

on alternate years or every year, and 

2. Th need to improve the quality of existing 

physics instruction. 

One attempt to meet these two needs was the produc- 

tion of a complete introductory physics course on 16 mliii- 

meter sound film. This filmed course originated under the 

sponsorship of the Fund for the Advancement of Education, 

and was developed with the guidance of a committee of dis- 

tinguished science educators under the National Academy of 

Sciences. It featured Harvey white, a distinguished 

*Hale, James. Teacher, Reynolds High School, Multnomah 
County, Oregon. Personal correspondence, April 16, 19S9. 



physics teacher. For that reason, these aids are here- 

after referred to as the White Physics Films in this study. 

The White Physics Films, released in June, 19S7, Is 

America's most ambitious educational film project to date. 

This film series was used in over iOO high schocils during 

the l97-l98 school year. 

Some studies were made on the White Physics Films 

during their use the first year. But more Important, addi- 

tional Information was needed concerning the effectiveness 

of this filmed course in Oregon. That was the primary pur- 

pose of this study which was designated as the Oregon Phys- 

ics Film Eper1ment. 

The Problem 

Statement of theProblem. The major purpose of 

this experimental study ws to determine the effectiveness 
of teaching high school physics by two different methods 

of instruction during one entire school year. Part of the 

instruction for one group o: students included the entire 

serles of White Physics Films; the other group was taught 

by the more traditional lecture-laboratory method. 

Importance of the Problem. More research Is needed 

in the field of audio-visual aids. Walter 1ittich's 

statement points this out: 

If we were to draw up a list of effi- 
ciently planned and accomplished professional 



research studies in the field of audio- 
visual education and compare lt with the 
research literature currently available 
in the fields of reading, social studies, 
language arts, arithmetic, etc., we 
would see at a glance that audio-visual re- 

search is by comparison very "sketchy". 
(22, p. ioi) 

The problem of limited research in the audio- 

visual aids field is more acute than Wittich indicated in 

the above statement. Unfortunately, as pointed out by 

1)ale, Finn, and Hoban, (13, p. Wi) a large amount of the 

research that has been done on the school level includes 

survey studies that give mere quantitative figures. 

These quantitative figures in these studies have included 

Items such as the number of personnel in various audio- 

visual centers, the number of films, the number of film- 

strips, and the number of other aids and items in selected 

departments and centers that could be surveyed. 

In contrast with public school audio-visual surveys, 

most of the audio-visual experimental studies which have 

been conipleted were concerned with instructional materials 

In the armed forces. Therefore, this study Is important 

because it provides additional experimental evidence to an 

area where such information is in dire need. 

Justification of the Problem. Under strorg pres- 

sures to increase the effectiveness of science teaching, 

there is a tendency to draw conclusions about various 

teaching aids and methods without adequate supporting 
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evidence. The White Physics Films may constitute an 

example. While over LOO high schools throughout the 

United States used these films during the first school 

year in which they were available and even though sorne 

studies were made during that time, many Oregonians de- 

sired more evidence concerning the effectiveness of these 

aids. These Oregonians included physics teachers, school 

administrators, and personnel in the Department of Visual 

Instruction, General Extension Division, Oregon State 

System of Higher Education. Personnel In the State De- 

partment of Education were also Interested in this study. 

Many laymen as well as numerous educators were deeply 

concerned. 

Because of this interest in the improvement of 

physics instruction on the high school level, the Depart- 

ment of Visual Instruction purchased one set of the White 

Physics Films for use in Oregon schools on a prorated 

rental basis. This, in turn, encouraged and facilitated 

the Oregon Physics Experiment. 

Definitions of Terms Used 

Film-Group. This term refers to the physics classes 

in the several schools which were exposed to the entire 

series of the White Physics Films. This was the experi- 

mental group. 



Instructional Materials. All supplementary mate- 

riais such as films, filmstrips, recordings and other aids 

are Included in this term. 

Non-Film-Group. The students in classes comprising 

this experiment which were not exposed to the White Physics 

Films were included in this group. This was the control 

group. 

Films. The terms films and motion pictures both 

refer to educational aids and not to entertainment mediums. 

Movies. This term is not used in this study because 

It tends to suggest an entertainment medium. 

Oregon Physics Experiment. This experimental study 

was designated Oregon Physics Experiment. 

T-Films: These films are hybrid. Tlcr were made 

with a motion picture camera arrangement which actually 

split the light entering the television camera, and 

shunted a part 6f this light into a motion picture camera 

which was physically attached to one side of the tele- 

vision camera. Since more than one camera was used, 

some post editing was possible. 

White Physics Films. The physics film serles origi- 

nated under the sponsorship of the Fund for the Advancement 
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of Education is designated in this experiment as the White 

Physics Films because Harvey White coordinated and appeared 

in the entire set of 162 films. 

The Origin and Development of White Physics Films 

In the face of great local, state, and national pres- 

sure to increase resources and effectiveness in the field 

of science teaching, the White Physics Films were originated 

under the sponsorship of the Fund for the Advancement of 

Education. These films were developed with the guidance 

of a committee of distinguished scientist-educators under 

the National Academy of Sciences. 

The film series was produced in a very sound manner. 

First, a unique talent hunt was conducted to find and de- 

termine the most qualified physicist to organize and par- 

ticipate in this project. A committee, under the direction 

of M. H. Trytten of the National Science Foundation, made 

the investigation and selected Harvey White, a member of 

the faculty of the University of California at Berkeley. 

Harvey White has had twenty years of physics teaching 

experience. He is a recognized physicist in his own 

right and is a specialist in the demonstration of his 

subject matter. In addition, Harvey White has had con- 

siderable experience both on television and in the produc- 

tion of films, and consequently, had developed skill in 



8 

the visual presentation of sorne of th more difficult con- 

cepts in physics. 

Thc lihite Physics Films were Independently filmed 

simultaneously during educational television broadcasts 

in Pittsburgh, Pennsylvania. This film series was not 

kinoscope recorded. 

On three days a week, Mondays, Wednesdays, and Fr1- 

days, Harvey White does what he calls lecture demonstra- 

tions. These are thirty-minute illustrated lectures. On 

Tuesdays and Thursdays, illustrated laboratory work Is 

given. Teacher guides and student workbooks accompany the 

series. 

The entire series consists of 162 thirty-minute 

sound fIlms. This sequence includes units In mechanics, 

properties of matter, heat, sound, optics, electricity 

and magnetism, atomic physics, electronics, quantum optics, 

and nuclear physics. In addition, the series Includes 

four films to Introduce the field of physics and three 

films, titled Special Lessons, which provide instruction 

In algebra, trigonometry, and the use of the slide rule 

to the extent required by the course. 

This film serles is available In color or in black 

and white. In the black and white film set, color is in- 

cluded throughout the serles wherever color is able to 

increase the effectiveness of the illustrations and demon- 

strations. The color series costs $2,OOO; the black and 



white series, 5t13,000. By using these films on a coopera- 

tive basis, several schools are able to share one set and 

prorate the ccs.. For instance, th proratc one year's 

cost to a school district in the Oregon Physics Experiment 

was '3O per schcol. 

After the film series was completed, Harvey White 

was asked how he personally felt about this project. It 

was reported that white said: 

I felt for the first ti:rLe as though every 
student I was teaching had a front row seat 
and saw everything I had to show. I felt 
that instead of telling him I could read a 

meter for him, or a thermometer, he could 
read it himself. I felt also that I was in 

a sense in a personal kind of communication 
with every student. As I visited the class- 
rooms where the films were being used, I had 
the feel!ng that I was looking directly off 
the screen to the students in the classroom. 
I had the feeling . . . I was leaving behind 
for use after I retired, and possibly after 
I was gone, those skills I spent my life in 

acquiring, and this equipment I spent my life 
collecting. (17, p. iLL) 

The Purpose of the White Physics Films 

During the early developmental stages of the White 

Physics Films, there was a tendency to welcome these 

aids as a complete and self--sufficient course. Non-proies- 

sional groups and the popular press tended to emphasize 

these more sensational aspects. But the sponsors and 

produc:rs had no intention to render the classroom 

teacher unnecessary and usher in automation. There is 



one limited exception, however, and it is mentioned in the 

teacher's guide which accompanies the film set: 

It is true that the course on film is 

self-sufficient to the extent that it can 
be uscd to make instruction in physics 
available in the lamentably large number 
of secondary schools where no instruction 
in the subject is or can now be offered. 

Primar!ly, however, the course on film 
offers an opportunity to the "live" teacher-.- 
whether one of limited preparation for teach- 
inq the subject, or the exoerienced and 
talented instructor -- to improve his skills, 
extend his capacities, and raise the level of 
his effectiveness as a teacher. (Lt, p. 1.11) 

After observing the White Physics Films in use in 

many schools during their first year's use, Maurice 

Mitchell, President. of Encyclopedia Britannica Film, 

Incorporated, said: 

Although it (White Physics Film serles) 
is used in some places where there are no 
teachers, it is tiscd in move places where 
there are teachers, because it does help 
overburdenec teachers, relieves then of the 
necessity of being janitor and technicians 
and of cominq in at 7 In the morning 
to set up an elaborate physics experiment, 
and which could not be seen in many class- 
rooms and which a few students can see 
i d e a I i y. 

It relieves them almost of group 
instructions. Almost anyone cari tell 
you what Ohm's law is and demonstrate it, 
but a sensitive teacher would like very 
much to be at the side of' the room when 
you are having these experiments to 
single out the juniors who show great 
promise and deal with those who are slow 
in learning. And it is in those two 
areas -- where there are no physics 
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teachers and where there are good physics 
tc'achers who can increase their efficiency 
if they can be relieved of many of the 
housekeeping details -- that are attached 
to physics. (17, p. 7) 

Investigation Procedures 

Two specific groups were used in this experimental 

investigation. One was the film-group. Part of the in- 

struction for this group included the series of 162 

thirty-minute White Physics F1ms. The other was the non- 

film-group in which physics instruction was carried on by 

the lecture-laboratory method. This group saw none of 

the White Physics Films. All of the students in both 

groups were enrolled in public high schools in Oregon. 

The film-group schools were selected primarily on 

the basis of attitudes toward the White Physics Films. 

Other selection factors included the ability and willing- 

ness of the school to pay the $O prorated rental fee, 

and the geographical location. Since nine high schools 

within ten school istricts were sharing these films, 

these schools had to be within a limited geographical area 

of the state. 

After the film-group was selected, an attempt was 

made to select a corresponding number of physics classes 

in an equal number of Oregon high schools. The schools 

in this group taught physics in the more traditional 
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lecture-laboratory manner. This was called the non-film- 

group. In two schools, the same teacher had a film and a 

non-fi 1m-group. 

Questionnaires were given to both the students and 

teachers In both groups during the first week of school 

and two weeks before the end of the school term. The pur- 

pose of these questionnaires was to seek descriptive infor- 

mat ion. 

Pre-tests were given during the first week of school 

for two reasons (1) to help equate the filin and non-film- 

groups and (2) to provide a basis for determining achieve- 

ment. Three unit tests were given during the year. These 

Included the units In mechanics, heat, and electricity. 

At the end of the school year, two of the standardized tests 

which were used during the pre-testing period were repeated 

to help determine the difference of achievement between 

the two groups. 

During the week of pre-testing, there was a total 

of 9L students in both groups. However, as a result of 

drop-outs, extended illnesses, and transfers, the total 

number of students who were able to complete the work In 

this experiment was )i71. This included 2S in the film- 

group and 216 in the non-film-group. All of these 

students were juniors and seniors. In the film-group, 

13 per cent were girls and 37 per cent were boys; the 

e 
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non-film-group contained 8 per cent girls and 92 per 

cent boys. 

L i mi t a t i on s 

Part of the criteria used in selecting the film- 

group schools was the geographical location and willing- 

ness and ability t: pay the $3S0 film rental fee. Each 

of these Items was a limiting factor. However, under the 

economical framework within which this equipment was de- 

signed, neither of the limiting factors could have been 

avoided. 

There is no claim that all of the outcomes of 

physics instruction were measured by the tests in this 

study. However, to the extent that the outcomes were in- 

corporated in the tests, the tests were presumed to have 

measured the outcomes adequately. 

Summary 

Current evidence indicates a great need to improve 

physics instruction on the secondary school level. One 

attempt to meet this need was the development and pro- 

duction of a complete physics course on film. While 

many laymen and educators have praised these films and 

several studies have been made concerning this filmed- 

course, more experimental information was needed to 
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determine the real effectiveness of this newer medium. 

More specifically, Oregon educators and laymen were 

Interested in the effect that this film series may have 

in their state. That was one of the primary purposes of 

this experiment. 

The conclusions made from this study are based upon 

test results of 21 physics classes in sixteen Oregon high 

schools i1tcluded in this experiment. These conclusions are 

based upon evidence from standardized and teacher-made 

tests and the data obtained from these instruments were 

handled by approved techniques. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

The major findings from studies that were concerned 

with physics films are presmtei in this chapter. These 

findings, based on a review of the more pertinent litera- 

ture in the field, are presented within the following 

divisions: 

Comparison of Sound and Silent Films. 

Comparison of Films with other Instruc- 
tional Media. 

The Effect of Extensive Use of Films 
upon Selected Educational Outcomes. 

The Effect of Films upon Teachers' 
Knowledge of Physics. 

The Effectiveness of a Compi te Filmed 
Course When Used Without a Teacher. 

Evaluation of the Research Studies. 

Comparison of Sound and Silent Films 

A review of the literature revealed that only one 

study has been made in physics to compare the effective- 

ness of sound and silent films. This study, completed 

by Clark in 1932, made a comparison of sound films, silent 

films and lecture-demonstrations in physics. 

In a discussion of this study, Hoban and van Ormer 

(6, pt. 6, p. 21) state that Clark found that silent 

films were about equally as effective in informational 
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learninj as correspondIng lecture-demonstrations. In 

addition, Clr's investiat1on showed that films which 

included sound, when sound was a vital and realistic part 

of the picture, were equally effectIve as the lecture- 

demonstrations in conveying specific information. 

Comparison of Films with other Instructional Media 

Several st.udies have been concerned with the com- 

parison between instructional motion pictures and other 

instructional media such as tetbooks, lectures, and 

dernonstratloits. A comparison between films and textbooks 

is given first. 

Films Compared with Textb3oks. An early study in 

this area was conducted by Mount. (l1., p. 1) The purpose 

of Mount's study was to determine the relative efficacy of 

motion picture instruction and supplemental text instruc- 

tion in three units: magnetism, static electricity, and 

current electricity. The experiment was conducted in the 

Physics II classes, composed of eleventh and twelfth grade 

pupils in the Broadway High School, Seattle, Washington, 

during the 1931 spring term. 

The experimental design consisted of giving each 

group the same demonstrations and textbook reading assign- 

ments. In addition, one group was shown motion pctures 
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while the other group was given supplemental texts to read. 

In the Interpretation of the results, Mount made the follow- 

Ing comments: 

This experiment seems to indicate 
that In the main, the films ar but 
slightly superior to supplementary 
textbooks as a teaching device . . 

It is important, however, to note 
that the difference In average gain 
between the groups is surprisingly small 
in comparison to the average qain itself 
for either group. This leads to the 
obvious conclusion that neither of the 
devices stands out over the other as 
especially meritorious, and the probable 
reason is that neither is as Important 
an influence in the results of instruc- 
tion as Is the teacher in charge. (lt, p. 33) 

Watkins (19, p. l3-l37), in 1931, reported a study 

conducted by ,'. H. Wood. Wood found that boys and girls 

In high school could learn facts of physics from viewing 

certain films. His conclusion follows: 

The 16 pupIls in physics gained 28 
per cent to 106 per cent on the tests 
used, as a result of watching moving 
pictures. (19, p. 137) 

A more recent study, The Wisconsin Physics Film 

Evaluation Project, conducted during the first semester 

of 197-l98 compared the effectiveness of films and 

textbooks. The Wisconsin project committee reported that 

there was no significant difference between the two mediums 

of instruction; however, the committee added that the 
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film-group showed a significant level of achievement above 

that accomplished by the non-film-group in the case of 

physics information included in the film series only. 

(20, p. lL) This difference was significant to the one per 

cent level of confidence. 

Films Compared with Lecture-Demonstrations. Several 

studies have investigated the effectiveness of' educational 

films in comparison to the more traditional lecture-- 

demonstration procedures. eQfls study was probably the 

first of' this type in physics. 

In 1922, Lemon, (il, p. 2i.-2) at the University 

of Chicago, made a study of' the effectiveness of motion 

pictures in a physics class. Six sections of twenty--five 

physics students each, divided into two principal groups, 

were used to carry out the experiment. 

The experimental group saw a film on the topic of 

electrostatics, and the control group was given a lecture- 

demonstration on the same material. Those who had pre- 

viously been in the control group were placed in the exper- 

imental group, while those who were previously in the ex- 

perimental group were now in the control group. For the 

last part of the experiment, the control group was given a 

lecture-demonstration on magnetism, and the experimental 

group saw a film which covered identical material. The 

control group consistently made higher scores which 
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indicated to the experimenter that the lecture-demonstra- 

tion method was the more effective means of instruction. 

Two years later, Ii 192L, Lemon's conclusions were 

supported by the findings írom o1fe's study. Rolle's 

investigation was also concerned with the relative effi- 

cacy of the film and the teacher-demonstration in high 

school physics. 

First, both groups in the experiment spent thirty 

minutes on an assigned related reading topic. Then, one 

group of forty students saw a film on static electricity 

twice. The forty students in the other group were in- 

structed by the lecture-demonstration method. Both groups 

had an equal amount of instructional time. Rolle conclud- 

ed from verbal and laboratory tests that the !ecture-cJ'mon- 

stration method was superior to the films used in his 

experiment. (6, pt. 6, p. 21) 

The findings, reported by Lapp in 19.9 (9, p. 172- 

l7), disagree with the above conclusions. For instance, 

the Erpi sound film, "Electrostatics", was shown twice to 

5I college students at the State University of Iowa. The 

control group was given a carefully prepared SO-minute 

lecture-demonstration which covered very nearly the same 

material as the film and used almost identical equipment 

and experiments. It should be noted that the class members 

rated the lecture-demonstration superior to the regular 

performance of the same lecturer. Both groups were asked 
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responded with the lecture-demonstration and film. 

At the next class sc-sslon, a 26-item multiple-choice 

test was given. Lapp (9, p. 173) concluded: "The sta- 

tistical evidence is not conclusive, but it is highly prob- 

able that the sound film was more effective than the lec- 

ture . . 

The Effect of Extensive Use of Films 

upon Selected Educational Outcomes 

This particular section on related studies is limited 

to experiments that included an extensive use of physics 

films. More specifically, it is concerned with the effec- 

tiveness of extensive use of' films upon certain educational 

outcomes. 

The Effect of Films upon Imparting Factual Knowledge. 

Mount's study, (lIt) reported in 1931, was the first physics 

experiment that this writer found that involved extensive 

use of films in physics instruction. ount used fifteen 

silent films in five units of high school physics. His 

findings showed that there was a slight superiority of the 

film groups in the first three of the five units. The 

non-film-group achieved more in the fourth unit, and there 

was no significant difference between the groups in the 

fifth and last unit of instruction. (lL., p. 33-3L1) 
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In a 1933 study, Cameron used more films than Mount 

had used. Cameron actually made extensive use of films in 

a whole physics course. His experiment, which took place 

in Missouri, was conducted during the 1932-1933 school year. 

The experimental group saw seventy films during the thirty- 

two week course. Cameron (1, p. 14f) concluded: "The 

margin of superiority found in this study, though small, is 

consistently in favor of the motion picture method". 

Another study by Scott gives additional evidence. 

Scott's study, one phase of the large experiment titled, 

The Nebraska Program of Educational Achievement Through 

the Use of Motion Pictures, covered the 19L6-19L7 and 

19L7-l9L8 school years. While Scott's study included 

other curriculum areas, the following selected finding re- 

fers only to physics: 

The results in physics hold an over- 
all similarity to those in general science. 
The experimental groups consistently gained 
over the control group on the Nebraska tests, 
with no significant difference in achievement 
according to the standardized tests. The 
composite results show that the experimental 
group achievement was greater than that of 
the control group for the Nebraska test. The 
results on the standardized tests show 
differences favoring the control group the 
first period and favoring the experimental 
group the second period. However, both of 
these differences were statistically 
insignificant . . . Therefore, . . 

enrichment o curriculum was obtained at 
no cost in achievement of the usual sub- 
Ject matter. (16, p. 106) 

More recently, two studies were conducted to 
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evaluate the White Physics Films. These include the Wis- 

consin Physics Film Evaluation Project and the American 

Institute of Physics study. The Wisconsin film project is 

discussed first. 

The Wisconsin Physics Film Evaluation Project was 

conducted dunn the first semester of the 1957-19S6 school 

year. Thirty schools were in the experimental group and 

thirty more were in the control group. The conclusions, 

based on instructional use of cl of the 162 White Physics 

Films during one work, follow: 

There is no significant difference 
in the mastery of physics factual infor- 
mation gain by high-school students who 
learn through traditional classroom 
methods as compared with those who learn 
through the use of the White Physics Film 
series. (21, p. 2) 

A study conducted under the auspices of the American 

Institute of Physics supported the Wisconsin project re- 

suits. The findings by the American Institute of Physics 

(., Pt. 1, p. 27) showed that there was no significant 

difference in the acquisition of facts between film and 

non-film procedures. 

A pilot evaluation study made by a private organiza- 

tion for incyc1opaedia Britannica Films, Incorporated, does 

not support the above conclusions. The findings which were 

based on a study of 1,161 students in 9 high schools in 

three states, in l93, follow: 
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The results of overall analysis showed 
a statistical significant difference between 
the gain scores of those taught by the film 
method and those taught by the traditional 
method. Those taught by the film method had 
the greater gain. (3, p. h) 

The Effect of Films upon Motivation. The follow- 

Ing statement concerning motivation was published by 

Encyclopaedia ritannica Films, Incorporated. The state- 

ment was based upon student response to a questionnaire. 

Students, as indicated by responses 
on the questionnaire, consider that in 
many cases they have learnd more from 
the film method than they would have 
learned by the traditional setting. 
Furthermore, they have learned in spite 
of the feeling that this method of 
teaching presents more difficulties to 
them than is true of the ordinary method. 
Such a feeling . . . provides the kind of 
motivation which could greatly enhance 
the chances of real achievement in the 
physics area. (2, p. ) 

The rffect of Fil ma upon Retenticn. Cameron, 

(1, p. L5) in 1933 reported that students who had re- 

celved part of their instruction through films were able 

to retain more information over the entire term than the 

students who did not see the instructional films. 

In contrast to Cameron's finding, the Wisconsin 

Physics Film Evaluation Project found that the students 

who did not see the film series retained more information. 

This conclusion is based on evidence, as measured by the 

Ohio Physics Test, with reference to a three-month 
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retention period. These findings were significant to 

one per cent level of confidence. (20, p. 18) 

It Is interesting to compar3 sunmary of 

findings of early science teaching research to the above 

conclusion. Rulon, in 1')33, stated: 

In twenty out of 22 cases, then, the 
technique employing films has shown a 
-dgher learning effect on retention tests 
than upon immediate tests. We must there- 
fore conclude that among the most important 
merits of the motion picture technique is 
its ability (a) to create lasting impressions, 
(b) to provide clarity of presentation, and 
(c) to furnish experimental clues by which 
the subject matter may be better understood 
and longer rerienthered. (1, p. 11) 

The Effect of Films upon the Applic'ation of 

Scientific Principles. In regard to application of film 

information, the Encyclopedia Britannica Films published 

the following statement based on a study of the White 

Physics Films: 

While no statistical difference has 
been found in the acquisition of facts 
of physics, there is statistically 
signifIcant difference in the ability to 
apply scientific principles to new situa- 
tions, in favor of the film group. (2, p. 5) 

An earlier study by Lapp, on the college level, also 

considered the application of facts to new situations. 

The Erpi film "Electrodynamics't was used in this 

experiment. The conclusion, as reported in l99, follows: 
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Here we have excellent evidence that 
the more facts one knows about the prin- 
ciples applicable to a new situation, the 
greater Is the probability that he will 
make a successful application. (8, p. 229) 

In a study reported two years later, Lapp experi- 

mented with another Erpi physics film "The Electron". In 

regard to transfer, Lapp's conclusion which follows Is in 

agreement with his earlier one given above: 

The more facts a student possesses 
the more likely he Is to apply the prin- 
ciple to a new situation. (10, p. 116) 

The Effect of Films upon Teachers' Knowledge of Physics 

The White Physics Film series was made to teach high 

school students. However, one phase of the Wisconsin Phys- 

ics Film Evaluation Project was concerned with the effect 

of these films upon the teachers' knowledge of physics. 

The Effect of Secondary School Level Physics Films 

upon Secondary School Teachers. The thirty film and thirty 

non-film-groups of teachers were given the Cooperative 

Physics Test, published by the Educational Testing Service, 

prior to the Wisconsin experiment. At that time there was 

no significant difference between the means of the two 

groups, as measured by the tests. 

The test was given again to the same sixty teachers 

at the end of the first semester. The difference in the 
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means between the two groups at this time was 9.0!! points 

in favor of the teachers who saw the physics films. This 

was significant at the five per cent level. The Wisconsin 

project committee expressed the following interpretation: 

It can be assumed that the difference 
In the means and the gains of the T-film 
(film group) teachers may be attributed 
to their seeing the eighty-one Harvey White 
T-films on Mechanics, Properties of Matter, 
and Heat. (20, p. 2L) 

The Effectof Previous Physics Knowledge upon Know- 

ledge Gained During the Film Experiment. One phase of the 

Wisconsin project was the investigation of the effect of 

the White Physics Films upon the teachers' knowledge of 

physics. More specifically, the investigators wished to 

determine whether the teachers learned, too, from the 

secondary school films. 

Prior to the one-semester experiment, the Cooperative 

College Physics Test was administered to each teacher. The 

test was given to each teacher, again, at the end of the 

semester. The conclusions, as reported by the Wisconsin 

project committee, follow: 

The more credits a teacher possessed, 
the higher were the physics test scores he 
earned. In every case this circumstance 
was supported by differences which were 
statistically significant at either the 
one per cent or five per cent level. 

Also significant was the fact that 
the 60 teachers as a group reflected 
improvement in knowledge of college-level 
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physics after one semester of participating 
in the experimental study either as a T-film 
teacher or as a control group teacher. The 
T-film teachers showed most change. 

It should be noted that the teachers 
with average and above-average preparation 
in physics gained a significant amount of 
physics in the period between the l97 and 
l98 tests. (20, p. 26) 

The Effectiveness of Complete Filmed Courses 

When Used Without a Teacher 

Although the White Physics Films were not produced 

to replace teachers, some experiments have been made to 

help predict their effectiveness in areas where physics 

cannot be offered because of the teacher shortage. In 

Wisconsin, for instance, the film project committee offered 

the following opinion: 

The film medium provides even the most 
remote local classroom situation with the 
techniques, procedures, and Ttknow-how" of a 
qualified physics teacher. (21, p.Li) 

Results from the American Institute of Physics Study 

also point out the potential effectiveness of teaching 

physics with films in areas where qualified teachers are 

not available; however, the results from this study are 

slightly less encouraging than the above reference: 

Limited test results show that the 
physics-by-film course when presented to 
a class without a teacher Is only slightly 
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less effective, again in terms of those 
contributions to learning measured by 
existing testing devices, than instruction 
with a teacher or with the teacher-film 
combination. (5, p. 27) 

In a report to the Eighty-Fifth Congress, Mitchell 

reviewed an experiment completed in Chicago with the White 

Physics Films: 

We have some preliminary evidence in the 
first use of these films in a controlled ex- 
perirrient in the city of Chicago; 690 students 
were allowed to study physics seeing only 
these films without the aid of teacher. A 
parallel group of some 900 students was 
taught by the Chicago city schools physics 
faculty, which, by the way, is a good faculty. 

At the end of the first semester, the 
students in both groups were given an achieve- 
ment test, the standard physics achievement 
test. The students taught by the faculty 
scored an average of 66.6 per cent. The stu- 
dents who had been taught by film scored an 
average of 72.2 per cent. 

It is dangerous to jump to conclusions on 
the basis of a single study, but everything we 
have seen In this first year of the use of 
these films indicate that you evidently can 
teach physics when you do not have a teacher 
about as well as you can teach physics under 
some conditions with teachers. 

I want to suggest to you that, in 30 
years of playing with chemical, electronic, 
and other devices in communication and educa- 
tion, we have come to the profound conviction 
that we are not likely to manufacture a device 
to replace a good teacher, but, where you 
do not have one, we now have film devices 
that will do an effective and a successful 
job in education. (19, p. 7-8) 



Evaluation of the Research Studies 

Although certain audio-visual aids have been used 

for years, scientific research into their worth has been 

mainly confined to the last three decades. (7, p. 11) 

Motion pictures, being among the newer aids, were not 

widely used prior to the 1930's. Several evaluations 

of motion picture research follow: 

Limitations of Earlier Studies. Dale, Finn, and 

Hoban, after surveying many studies concerning motion 

pictures, listed the following limitations: 

The early studies were subject to a 
number of limitations: the samplings of 
students were relatively small, the con- 
trois in experimental studies were made- 
quate, the objectives were often limited, 
and few films had been produced specific- 
ally for school use. In many cases the 
films were ones produced for industry or 
commercial films for advertising purposes. 
Since 1929 the experimental studies have 
tended to be freer from these limitations 
and to exhibit other desirable character- 
istIcs. (13, p. 87) 

The above criticism of earlier studies has been 

supported by others. For Instance, Hoban and van Orrner 

made the following comment t Rofle's study which was 

done in I°2L: 

Verbal and laboratory tests both 
revealed a sizeable superiority for the 
demonstration section. But it is im- 
portant to note that speed of development 



of the topic was uncontrolled, and, on 
the basis of recent studies, this factor 
seems to be an important one. The film 
was shown twice in the same time required 
for one demonstration, and the slower pace 
of the demonstration might explain the 
advantage of the demonstration equally as 
well as "teaching" by a living teacher. 
(6, pt. 6, p. 12) 

In regard to Clark's study concerning silent and 

sound f!lms which was mentioned in this chapter, Moban 

(6, pt. 6, p. 21) wrote: "This part of his study, 

though it opened a new area of research, Is open to 

serious cri ti ci sm". 

Wood's study cited in this chapter is an example 

oÍ' the many early experiments that had utilized promo- 

tional films by industry for teaching purposes because 

of the limited number of basic classroom films available. 

Watkins (19, p. 136) indicated that Wood used films from 

the General Electric Corporation, Southwestern Bell Tele- 

phone Company, and the Taylor Instrument Company. 

Cameron (1, p. 6-9) has criticized two experiments 

by Lemon and Wood, respectively, 

factor of relative grouping. In 

Cameron points out that only a c 

used. 

Limitations of More Recent 

and Lurnsdaine listed a number of 

for disregarding the 

regard to Wood's study, 

lass of 16 students were 

Studies. In 19S8, May 

unanswered problems from 
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previous research: 

Up to the time the studies reported 
IT) this volume were commenced, however, 
relatively little h8d been done to identify 
the factors responsible for effective film 
teaching. Left unanswered, for example, 
were questions such as: What are the 
characteristics of the superior films? 
what teaching methods were used with them 
when these better results were obtained? 
How were results affected by whether pupils 
were average in intelligence, below average, 
or superior? Were the better results ob- 
tamed only by the better teachers, or by 
poorer teachers as well? In short, what are 
the conditions on which the effectiveness of 
a film depends? To what extent does it. de- 
pend on (a) the content and structure of the 
film itself, (b) the manner in which lt is 
used, (c) the pupls to whom it is presented? 

Left unanswered also were questions per- 
taining to the motivational characteristics of' 

films, and the types of learning activities 
that can he motivated by funs. (12, p. 1-2) 

The Effectiveness of potion Pictures. A number of 

research authorities have reviewed the studies concerning 

motion pictures. The following conclusion by May and 

Lumsdafne expresses the general opinion of many: 

Previous research indicates that films 
have a great unrealized potential as teach- 
Ing materials. The evidence for this is 
facts such as these: From some films pupils 
learn faster and remember a body of subject 
matter longer than when the same material is 
presented only verbally; films have been used 
successfully to facilitate thinking and prob- 
lem solving; other films have motivated the 
further study of' a topic. Hoban and van Ormer 
in their review of research in the field have 
asserted that in some cases "appropriate 
films are equivalent to at least an 
average teacher". (12, p. 1) 



CHAPTER III 

GENERAL DESIGN AND PROCEDURES USED IN THE INVESTIGATION 

The major procedures which were planned and used in 

this investigation include (i) selection of the partici- 

pating schools, (2) orientation and follow-up meetings with 

the participating schools, (3) collection of descriptive 

information, (Lu) collection of statistical data, and 

() analysis of the data. Each is discussed below. 

Selection of the Participating Schools 

Two specific groups of students were selected from 

Oregon's public high schools: the film-group and the non- 

film-group. The selection of the film-group is discussed 

first. 

Film-Group. Three factors were largely responsible 

for the selection of the ten schools that were included in 

this group. One factor was geographical location; ttie 

other two Included attitudes toward the White Physics 

Films, and the ability and willingness to pay the service- 

fee for the film series. 

In regard to geographical location, the partid- 

pating schools had to be relatively close to each other so 

that the films could be easily and quickly circulated from 

school to school. In fact, regular mail service was too 

slow. For that reason, It was decided that the partid- 

pating schools must be located on main public conveyance 
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routes so that the films could be shipped by commercial 

buses from school to school. Table I lists all the schools 

in the experiment. 

TABLE I 

SCHOOLS IN THE OREGON PHYSICS EXPERIMENT 

Non-Film-Group Film-Group 

School School 

Albany Clackamas 

Dal las 

N e wp ort 

Re e d spor t 

South Salem 

Toledo 

Si Ive rton* 

South Eugene** 

David Dou las 

M onmo ut h 

Mi iwaukie 

Phi lomath 

Reynolds 

Stayton 

WI I lamette 

Si ive rton* 

- - South Eugene** 

*These schools had both film and non-film--group classes. 
**South Eugene had one film group class and four non-film- 

group classes. 

Attitude toward the White Physics Films was another 

important determining factor. If a physics teacher were 

prejudiced, his school was not permitted to participate 

in the experiment. 
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The service fee for the filins eliminated teachers in 

several schools who had enthusiastic attitudes toward the 

experiment. The service fee was 3O per school. This fee 

was collected by the distributing agency: the Department 

of Visual Instruction, Oregon State System of Higher 

Education. Actually, this prorated fee was based on the 

initial cost of the films, handling charges, purchase of 

estimated replacement film footage, and the life expectancy 

of the film series. The life expectancy of the films was 

estimated at st;< years. 

Non-Film-Group. After the film-group was selected, 

an attempt was made to select a corresponding number of 

physics classes in an equal number of Oregon high schools 

that were not using the ihite Physics Films. The schools 

in this group listed in Table I taught physics in the more 

traditional lecture-laboratory manner. 

Film and Non-Film-Groups in Same Schools. In two 

school systers, the respective physics teachers taucht a 

film-group and a non-film-group. These experiments were 

carried out at Silverton and South Eugene High Schools. 

There Is no reason, however, to believe that this affected 

the experiment. 
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Orientation Meeting 

A two-day general orientation meeting was held on 

August 28 and 29, l98, at Oregon State College prior to 

the opening of school. The main purposes of this orienta- 

tion meeting were (1) to discuss the unique nature of the 

film series and (2) to learn how to use the films most 

effectively. The agenda for this orientation meeting is 

listed in Appendix A; a discussion of the meeting follows. 

Structure and Content of the Film Serles. The corn- 

plete series consists of 162 films. Each is approximately 

thirty minutes in length. The serles follows a five-day 

per week format. Lecture-demonstrations are given on 

Mondays, Wednesdays, and Fridays, and laboratory sessions 

on Tuesdays and Thursdays. 

The 162 films comprise ten-course units which are 

listed in Table II. The introductory unit, for Instance, 

includes four films. Lesson number one discusses physics 

as an exact science and introduces the various branches of 

physics usually covered in a one-year introductory course. 

Lesson number two covers optical illusions and demonstrates 

subjective and objective methods of measurement. Units of 

measurements are introduced, defined, and demonstrated in 

lesson number three. Lesson number four is basically 

laboratory in nature and demonstrates the actual measurement 



of' lines and angles. 

The three films in the unit, Special Lessons, pro- 

vide Instruction In algebra, trigonometry, and use of the 

slide rule, to the extent required by the course. Table II 

lists the ten units which the entire film series covers. 

TABLE II 

THE TEN COURSE UNITS IN THE FILM SERIES 

Unit ___ Number of Films 

Introduction L. 

Special Lessons 3 
Mechanics LJi. 

Properties of Matter 
Heat 
Sound 11 

Light (Optics) 18 
Electricity and Magnetism 214. 

Atomic Physics 9 
Electronics 8 
Quantum Optics 
Nuclear Physics 7 

162 

Sequence of Units. The sequence of units given in 

Table II is recommended by Harvey White as the preferred 

order. However, when one film series is shared by a number 

of schools, White says that there is no objection to alter- 

Ing the above sequence. (I, p. VIII) 

The altered sequence of units is given in Appendix B. 

Extra film prints, however, were added for the Introduction 
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and special lesson units so that all the schools in the 

experimental group could complete these fundamentals before 

studying the units that followed. 

Class Preparation prior to Viewi Films. It was 

recommended that the ideal method was for the teacher to 

preview each film. Research (22, p. 9S-IOS) supports this 

procedure. If' it Is not possible to preview a film, the 

lesson summaries in the Teacher's Guide give a complete 

synopsis of each film. Either of these procedures will 

better acquaint the teacher with the film content so that 

he may better prepare the class for each film viewing. 

For example, after the teacher has previewed the film, he 

is more able to prepare his class so that the full possi- 

bilities of using these aids are realized. 

Post-Viewing Activities. Post-viewing activities 

were recommended. It was recommended to the participating 

schools that time should be permitted after each film for 

questions and discussion, and problems Involving principles 

and formulas should be worked out. 

Textbooks. The White Physics Films were not designed 

for any particular textbook. Instead, the objective was to 

design a physics course based upon collective Ideas and 

experience and to capitalize on the unique advantages of 

the camera lens rather than to adapt the filmed-course to 
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a standard textbook. Any good high school physics textbook 

can be used to complement and supplement the course. 

Guides. Each instructor was given a series of 

Teacher Guide booklets. These booklets discussed the gen- 

eral nature of the entire film series and gave specific 

suggestions for achieving the most effectiveness from the 

White Physics Films. 

Follow-up Meetings 

Three follow-up meetings were held during the school 

year. These meeting dates were October ¿., December 6, and 

March lL. The program for these meetings appear in Appen- 

dixes C, D, and E, respectively. 

The main purpose of these meetings was to discuss 

the use of the physics films and to share techniques, pro- 

cedures, and observations. Specific items discussed 

during these meetings included projection methods, note 

takina, testing, supplementary work, home work, work books, 

and student reaction to the film series. All teachers in 

the film-group were required to attend all of these follow- 

up meetings; teachers in the non-film-group were encour- 

aged, but not required to attend. From two to four teachers 

in the non-film-group attended each follow-up meeting. 
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Descriptive Information 

In order to obtain general descriptive information 

about the students, teachers, and teaching facilities, 

questionnaires were sent to all students and teaciers 

included in the study. The questionnaires for the 

students and teachers, respectively, are discussed 

be low. 

Student Questionnaires. The first questionnaire 

(Appendix F) was given to each student in the film and 

non-film-groups during the first week of the school year. 

It covered the following items: 

The science and mathematics courses each 
student had taken. 

The grades received in these courses. 

The students' opinions of' each course. 

The reason for taking the present physics 
course. 

The motncr's occupation. 

The father's occupation. 

The science books read within the past 
year. 

The science magazines read regularly. 

What the student plans to be doing ten 
years from now. 

Two weeks before the end of' the school year, each 

student in the film-group only was given another ques- 

tionnaire (Appendix G). In general, the content follows: 
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The amount of personal attention given to 
the students. 

The relative effectiveness of the filmed 
course. 

The relative effectiveness of Harvey White as 
a teacher on films. 

The relative effectiveness of vicarious 
laboratory experiences. 

Disturbing factors inherent in film courses. 

Specific advantages and limitations of the 
filmed course. 

Student occupational choices. 

Teacher's Questionnaire. The first questionnaire 

(Appendix H) given to the teachers was completed and 

returned prior to the opening of the school year. The 

content was identical for the teachers of both groups. 

This questionnaire included the following items: 

The number of years of' teaching experience. 

The number of years of' physics teaching 
experience. 

The number and kinds of college degrees 
held. 

The specific college science and mathematics 
courses completed. 

The per cent of teaching-time assigned to 
physics. 

The amount and condition of apparatus 
and supplies for physics teaching. 

The time of day the physics class is 
given and whether this hour jeopardizes 
the effectiveness of the class. 
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In addition, two opinion questions were asked: 

Do you think extra-curricular activities 
will jeopardize your physics course in 
any way? 

Do you think the recent emphasis upon 
science will influence a number of 
students to enter the physics classes 
who are not qualified? 

Another questionnaire (Appendix I) was sent to each 

teacher in the film-group only to fill out during the last 

week of the school year. The general content is outlined 

be 1 ow: 

Level of difficulty of the film series. 

Degree of success achieved with the films. 

In-service value of the films. 

Degree of student achievement. 

Specific advantages and limitations of 
the film series. 

Statistical Data 

The statistical data were gathered through the use 

of' standardized tests and teacher-made tests. The specific 

measuring instruments and their uses are discussed below. 

Pre-tests. All of the students in the film and non- 

film-groups were tested during the first and second weeks 

of school before the actual course work In physics was 

begun. Four standardized tests were used: 
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Terman-McNemar Test of Mental Ability, 
Form C. 

Scientific Tests for Aptitudes (Scientific 
Aptitude section only), Form A. 

Sequential Tests of Educational Progress 
(Science only), Form 2A. 

Dunning Physics Test, Form AlL/I. 

The pre-testing purpose was primarily two-fold. 

First, the entire series of the above-mentioned tests wer 

used to help equate the two groups, arid second, the 

Dunning and the Sequential Test of Education Progress 

Science tests (hereafter referred to as the STEP test) 

were used to help determine achievement at the end of the 

experiment. Copies of these tests are in Appendixes J, K, 

L, and M. 

During-the-year tests. Three tests were used 

during the year to measure achievement in specific units 

of introductory physics. These units included (1) mechan- 

ics, (2) heat, and (3) electricity. Copies of these tests 

are in Appendixes N through P. 

No standardized unit tests in physics were available 

from any of the major testing bureaus and offices. Conse- 

quently, the three Instruments used to measure these units 

were teacher-made tests. The unit test on mechanics and 

heat were selected from several alternate forms of tests 

in these areas prepared by teachers for the Wisconsin 
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Physics Film Experiment. The unit test in electricity was 

prepared by a committee of Oregon teachers with equal 

representation in the film and non-film-groups. 

End-of-year tests. Two standardized tests were 

repeated two weeks prior to the end of the school year. 

These tests were the Dunning Physics Test and the science 

part of' the Sequential Tests of Educational Progress. 

Data Classified and Analyzed 

The information from the questionnaires and the data 

from the tests were classified according to the accepted 

methods of tabulation and analyzed. All tables are dis- 

cussed in full in accordance with the true meaning of each 

unit of data. 



CHAPTER IV 

THE STUDY 

The basic content of' this chapter reveals data 

which were secured from the testing program and informa- 

tion from the serles of questionnaires which were dis- 

cussed In detail in the previous chapter. There were L7l 

secondary school students in this study. Each student in 

the study completed the entire battery of tests and filled 

out all of the questionnaires. In addition, the descrip- 

tive Information concerning the nineteen teachers included 

In this experiment is also based upon a 100 per cent return 

of the questionnaires which were designed specifically for 

them. The findings which the tests and questionnaires 

revealed are presented and discussed in this chapter under 

the following major divisions: 

Descriptive Information Concerning the 
Teachers. 

Descriptive Information Concerning the 
Students. 

Statistical Data Concerning the Study. 

Student Evaluation of the Physics Film 
Series. 

Teacher Evaluation of the Physics Film 
Series. 



Descriptive Information Conccrning the Teachers 

There was a total of nineteen secondary school 

teachers involved in this experiment; ten teachers taught 

the film-group and nine taught the non-film-group. One 

teacher was a woman. She taught one of the film groups. 

The following descriptive general backgrounds of these 

teachers were collected from questionnaires during the 

first week of the school year of l98-l959. The ques- 

tionnaire was designed to obtain information about (1) 

each teacher's formal educational background and teaching 

experience, (2) his teaching assignment, (3) his instruc- 

tional supplies and laboratory equipment for physics 

classes, and (L') his judgment concerning several specific 

items related to successful physics instruction in his 

school. The professional background of these teachers is 

discussed first. 

The Teachers' Professional Background. Two of the 

instructors, as shown in Table IV, had no previous teaching 

experience; one Instructor was in the film-group and the 

other was in the non-film-group. The range of secondary 

school teaching experience extended to 2L years in the 

film-group and to 19 years in the non-film-group. 



TABLE III 

COMPARISON OF SECONDARY SCHOOL TEACHING EXPERIENCE OF 
THE EXPERIMENTAL AND CONTROL GROUPS OF TEACHERS 

Experimental Group Control Group 

Total Years Physics Total Years Physics 
Teaching Teaching Teaching Teaching 
Experience Experience Experience Experience 

No. % No. 2 No. No. % 

No Teaching Experience 1 10 1 10 1 11 1 lI 

i to Years Experience 5 50 7 70 3 3L 3 33 

6 to 10 Years Experience 2 20 1 10 1 11 2 23 

li to 15 Years Experience O O i 10 2 22 3 33 

Over 15 Years Experience 2 20 0 0 2 22 0 0 

Totals 10 100 10 lOO 9 100 9 100 

o' 
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In regard to formal education, each teacher held a 

bachelor degree. These degrees were in several curriculum 

areas, although in each group, 70 per cent or more of the 

teachers had completed college majors in science, mathe- 

matics, or physics on the bachelor degree level. However, 

only one teacher in the film-group and two in the non-film- 

group had majors specifically in physics. 

Some members of each group had completed work on the 

master's degree level. Table IV shows that 70 per cent of 

the teachers in the film-group held master's degrees in 

comparison to W. per cent of the teachers of the non-film 

group. Fifty per cent or more of all the master degrees 

held In both groups were in the science area, although no 

one in either group held an advanced degree with a major in 

physics, and no one in either group held a doctorate degree. 

1ore specifically, in regard to formal preparation 

Table V gives a comparison of education in physics and in 

certain other areas. In physics the experimental teachers 

as a group had a mean of 22.3 quarter hours as compared to 

the 25.6 mean for the control group. Both groups had com- 

pleted a relatively high number of chemistry and mathematics 

courses. The experimental group has a mean of' ¿.l quarter 

units of science education methods while the control group 

had 2.9 units. 



TABLE IV 

COMPARISON OF MAJOR AREAS OF TRAINING OF THE TEACHERS 
IN THE EXPERIMENTAL AND CONTROL GROUPS 

flajor Study Areas 

Total 
Degree s 

Science Mathematics Education Other Physics Held 

No. No. % No. % No. No. - No. % 

Bachelor-Degree 
Leve I 

Film-Group L 0 2 20 1 10 2 20 1 10 lO 100 

Non-Fi 1m 
Group t L5 1 11 0 0 2 22 2 22 9 100 

Maste r-Degree 
Lcve i 

Film-Group ti 7 0 0 3 L3 O O O 0 7 70 

Non-Film 
Group 2 0 O O i 2 i 2 O O tj. 

OD 
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TABLE V 

COMPARISON OF SPECIFIC PREPARATiON BY THE FILM AND THE 
NON-FILM-GROUP TEACHERS IN CERTAIN CURRICULUM AREAS 

Film-Group Non-Film-Group 

Total Total 
Number Number 

of of' 

Quarter Quarter 
Courses in Science Hours Mean Hours Mean 

Bacteriology 7 .8 

Botany 6 .6 17 1.9 

Chemistry 297 189 21.0 

Entomology 0 0 8 .9 

Geology 15 1.5 32 3.6 

General Science 
Survey Course 29 2.9 30 3.3 

Mathematics 316 31.6 2)4. 27.1 

Meteorology 15 1.5 6 .7 

Physics 223 22.3 230 25.6 

Science Educa- 
tion Methods hi L.l 26 2.9 

Zoology 79 7.9 113 12.6 



Teaching Assignment. None of the teachers in 

either group taught physics all day. This Is pointed out 

In Table VI. The general trend was in the opposite direc- 

tion in which 1i5 pei cent or more of all the teachers spent 

20 per cent or less of their time each day teaching physics. 

Only two teachers were assigned as much as 61 to 80 per 

cent of their time to physics teaching and both were in the 

control group. 

TABLE VI 

COMPARISON OF THE SCHOOL DAY ASSIGNED TO PHYSICS TEACHING 

- 20% and 21% to Lil% to 61% to - 3l% and 
Under liO% 60 80% Over 

No. % No. % No. % No. 9 No. % 

Film-Group 6 60 2 20 2 20 0 0 0 0 

Non-Fi 1m 
Group L L5 2 22 1 11 2 22 0 0 

Other curriculum areas in which teachers were as- 

signed Included biology, chemistry, general science, 

mathematics, and physical education. Three had guidance 

responsibilities in addition to teaching. With the ex- 

ception of the three guidance and the one physical education 

class assignment, all of the teaching duties were in the 

science area. A comparison of the entire scope of teaching 

assignments of both groups is tabulated in Table VII. 



TABLE VII 

COMPARISON OF TEACHING ASSIGNMENTS IN ADDITION TO PHYSICS 

Teaching Areas 

o U 
L () - Cl) U) o U (1 E > (1, - 

C) iU) L ) 4-) -40 - L L .4.) -I U (i fi -4 Cl C 

C) O) U) «i E U- - 0 -.4 L fi O) -' fi L flu E .0 (1)0 U)O) O) 
4) fi O O) 4 4..) >) ..-4 O O) .0 O) (0 .0 ti . 4..) 

L) cL(I) O 
No. % No. No. No. No. % No. % No. % No. % 

Film-Group 10 1 10 L. .0 ¡ 10 2 20 5 50 1 10 2 20 0 0 

Non-Film-Group 9 2 22 5 56 0 0 1 11 ) L4 0 0 3 3 O O 



Equipment and Supplies. The teachers were asked 

to rate the general availability and condition of their 

respective physics teaching equipment and supplies. Eighty 

per cent of the teachers in the filin-group and 67 pe cent 

in the non-film group rated the apparatus for teacher 

demonstration as good or better. While the apparatus for 

teacher dmonstrations was classified as slightly better 

in the film-group, this tendency was reversed for pupil 

laboratory equipment. Sixty-seven per cent of the pupil 

laboratory equipment in the non-film-group was rated as 

good or better in comparison to 60 per cent in similar con- 

dition In the film-group. The laboratory furniture, as 

Table VIII reveals, was rated as good or better by 70 per 

cent of the film-group and 67 per cent of the non-film- 

group. 



TABLE VIII 

COMPARISON OF THE CONDITION OF THE AVAILABLE PHYSICS TEACHING EQUIPMENT 
IN THE SCHOOLS OF Ti-LE EXPERIMENTAL AND CONTROL GROUPS 

Excellent Good Fair Poor 

ç. Q. cl. 

o E O E O E o E L - L 
..-i 

- L - 

...4 

L -i 
-4 

I 

E 
L..Q. 
1i 

I 

E 
I 

E E - O 4 O - O - CL - 
1.L 

OL 
Z 

-4 
-. 

OL -4 CL 

No. % No. % No. % No. % No. % No. % No. % No. % 

Apparatus for Teacher 
Demonstration 2 20 1 11 6 60 56 2 20 2 22 0 0 i il 

Pupil Laboratory 
Apparatus 2 20 2 22 L. LO 14 b 3 30 1 11 1 10 2 22 

Laboratory Furniture 14 140 14 145 3 30 2 22 2 20 2 22 1 10 ¡ 11 

'j 
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Table IX compares the availability of equipment for 

the teacher and the learner, respectively. All of the 

teachers of the film group rated the available apparatus 

for teacher demonstrations as adequate or better than 

adequate, while 78 per cent of the non-film-group of teach- 

ers considered their dernonst'ation equipment and supplies 

as adequate or better than adequate. In contrast, the 

apparatus for pupil laboratory experience was not nearly 

as extensive. Neither group felt that its available pupil 

laboratory apparatus was more than adequate, although 80 

per cent of the film group and 6 per cent of the non-film- 

group of teachers considered their supplies as adequate for 

good instruction. Thus, tiii. per cent in the non-film-group 

and 20 per cent in the film-group felt that pupil labora- 

tory apparatus in their respective schools was inadequate 

for effective instruction. 

The availability of instructional supplies was con- 

sidered in this study as one of the several important 

evaluative indices. Seventy-eight per cent or more of the 

teachers in both groups rated the availability and condi- 

tian of instructional supplies for the students as adequate 

or more than adequate, and 78 per cent or more of both 

groups rated the supplies for teachers' demonstrations 

equally well. These generalizations were based on the tab- 

ulations as shown in Table X. 



TABLE IX 

COMPARISON OF THE AVAILABILITY OF PI-IYS1CS TEACHING EQUIP?1ENT 

More than 
adequate Adequate Inadequate 

Q. Q. Q. 

O 
L. 

E 
-i 

O 
L. 

E O 
L. 

E - 
I 

E 

-4 C) 
I 

C) 

E 
- O 

E 
CL. Zb 

4 

Ii.. 

OL. ZO 
. 

OL 

No. No. % No. % No. % No. % No. % 

Apparatus for Teacher 
Demonstrations 2 20 2 22 8 80 5 56 0 0 2 22 

Pupil Laboratory 
Apparatus O O O O 8 80 5 56 2 20 L ¿43 

Laboratory Furniture 3 30 2 22 3 30 5 56 ) t0 2 22 



TABLE X 

COMPARISON OF NECESSARY SUPPLiES FOR PHYSICS TEACHING 
IN THE EXPERIMENTAL AND CONTROL GROUPS 

More than 
adequate Adequate Inadequate 

I 

p. 
I 

Q. 

o E o E o E L 
0 

- 
- L 

O 
-I 
- 

L 
O 

- 
- 

i 

E i 

i 

E 
u 

E - O -i - OL - OL - OL 
Z 

No. % No. No. % No. No. No. ) 

Supplies for 
Students' 
Laboratory 
Work i 10 7 

- 

70 7 7 2 20 2 22 

Supplies for 

Demonstrations i 10 1 11 9 90 6 67 0 0 2 22 

\Jl 
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General Descriptive Information Concerning Lhe Students 

The following descriptive information was collected 

through questionnaires during the first week of the school 

year of l96-l959. All of the information in this section, 

based on a loo per cent return of the questionnaires, was 

classified, tabulated, and presented in terms of percent- 

ages. The questionnaires included items such as related 

courses completed by the student, reasons for enrolling 

in physics, parental occupations, and the occupation the 

student anticipates ten years from the present time. 

General Information about the students will be discussed 

first. 

General Descriptive Information. A high percent- 

age of the students was boys. Only eight per cent of the 

non-film-group were girls as compared to thirteen per cent 

in the film group as shown in Table XI. All students were 

either juniors or seniors. Each group had nearly an equal 

number of junior and senior students. 



TABLE XI 

COMPARISON OF BOYS ANT) GIRLS AND YEAR-IN-SCHOOL 
OF STUDENTS IN FILM AND NON-FILM-GROUPS 

Film-Group Non-Film-Group 

Boys 87% 92% 

Girls 13% 3% 

Juniors L3% tT2% 

Seniors 7% 

Related Courses_Completed. It was assumed that 

certain related courses would have some effect upon the 

students' success in physics. These particular courses 

and th' percentages of students in the film and non-film- 

groups who completed these courses are given in Table XII. 

Table XII points out that, In general, the students 

in both groups had similar backgrounds in the sciences. 

The smallest difference in formal education background 

experience between the two groups was in geometry. The 

largest variation inexperience was in chemistry. Only 

32 per cent of the non-film-group had taken chemistry in 

comparison to l per cent in the film-group. 



TABLE XII 

COMPARISON OF RELATED COURSES COMPLETED BY FILM 
AND NON-FILM--GROUPS OF STUDENTE 

L) 

-4 L 
c_) 

j) 
L E 

cc 4.) L .-i o L O) U) 4- 

0 - ) L O 
Ç) - E E O) 
0) 0 0) 0 -4 . 0) 0) L o 

Film-Group 99% l% SS% 67% 8% 

Non-Film-Group 9% 7% 32% 8L.% 7L,% 3% 

Variation 8% 19% 1% 7% 

It was also assumed that the students' opinions of 

the related courses completed would give valuable addition- 

al information. To secure this information, each student 

was asked to rate each related course that he had completed 

on a scale that ranged from poor to excellent. Their 

ratings are tabulated in Table XIII. 



TABLE XIII 

COMPARISON OF RATINGS OF COMPLETED RELATED COURSES BY 
FILM AND NON-FILM-GROUPS OF STUDENTS 

Excellent Good - Fair Poor 

Q. Q. Q. Q. 

P. 

o 
I. 

Q. 

o 
L 
O Q. 

o 
I.. 

O P. 

o 
L 
0 

o 
L E 

i 

o 
L 

E 
-i 

o 
L 

E - o 
L 

E 
O 

I . 

C) 
t I 

- 0 
t 

- 
E - - 

i 

0 

E 
-4 
-i 

i 

0 
C - 
- 

s 

C 
O 

E - 
- 

s 

O 
L. Z t' Z 5g.. Z 

% 

Algebra 38 38 ¿414. ts.7 17 12 1 3 

Biology 141. t0 L3 12 16 3 1 

Chemistry 147 39 28 10 l 

Geometry 2Z. 145 142 28 3 3 

General 
Science 33 26 l 143 114. 29 2 2 

Trigonometry L8 26 28 26 22 0 0 
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In all subject areas, 69 per cent or more of the 

students in each group rated the related courses that they 

had completed as either good or excellent. Not over five 

per cent in either group judged any of the related courses 

as poor. In four instances, the ratings between the two 

groups were identical. The ratings varied from one to 

five per cent between the group lL times; they varied 

betwen six and ten per cent three times; and varied over 

ten per cent three times. 

Reasons for Taking Pflyslcs. The various reasons 

for enrolling In high school physics are categorized 

bel ow: 

A friend suggested this physics course. 

A teacher suggested this physics course. 

Parents suggested this physics course. 

The student planned to attend college. 

The student felt that physics is necessary 
for the type of work for which he planned 
to prepare. 

There were two primary reasons for the students in 

both groups to enroll in high school physics. These two 

reasons were for (i) college preparation and (2) occupa- 

tional preparation. Secondary reasons for physics en- 

rollment were suggestions from parents, friends, and 

teachers as Table XIV points out. 



TABLE XIV 

COMPARISON OF REASONS FOR ENROLLMENT IN PHYSICS COURSES 
BY THE FILM AND NON-FILM-GROUPS 

Primary Reason Secondary Reasons 
(First Choice) (Second Choice) (Third Choice) 

Q. Q. Q. 
o 
L 

Q. (D Q. 

o 
L 

(D Q. 

o 
L 
(D t 

O E O 
I 

E O 
I 

E L 
(D -' 

I 

L 
(D 

I 

-i 

- 
L 
(D 

I E - E - i E 
- 

i 

- o 
z - 0 

z -i O 
z 

Plan to attend - college l 7 ho L. 3 

Parents suggested 
this course 8 2 27 67 69 

Friends suggested 
this course 2 17 32 22 66 61 

A teacher suggested 
thf s course 6 21 19 7 7 

Physics is necessary 
for occupational 
preparation 9 60 39 10 1 

I'-) 



Related Reading. It was assumed that the amount 

of related reading in the science field may have some 

possible effect upon the experiment, particularly if one 

group had read more extensively than the other. For that 

reason, this topic was included on the questionnaire. 

The amount of related reading in science, however, 

was exceedingly litnited In both groups. Over 6 per cent 

of all of the students in the study had not read one 

science book in the past year, other than school-assigned 

texts. Over O per cent had not read a science magazine 

in the last 12 eionths. Table XV gives, In percentage 

form, a comparison of related reading by the two groups. 

TABLE XV 

C4PARISON OF RELATED LITERATURE READ BY BOTH 
GROUPS DURING THE PAST YEAR 

Read Read Five TtT 
None l-2 3-)4 and Percentage 

more 
çl 

f0 '0 /0 /0 (0 

Science Books Read 

Film-Group 65 22 10 3 100 

Non-Film-Group 69 20 7 h. 100 

Science Magazines 

Film-Group 36 10 0 100 

Non-Film-Group 36 8 0 100 
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Parents' Occuations. The fathers of the students 

were employed in occupations that ranged from manual work 

to professional services. Table XVI shows that regardless 

of the occupation, the percentage of parents within each 

group In each of the six categories is approximately equal. 

Step-parents and legal guardians were tabulated as parents. 

TABLE XVI 

A C'TPARISON OF THE FATHERS' OCCUPATIONS BETWEEN 
THE FILM AND NON-FILM-GROUPS 

Film-Group Non-Fl 1m-Group 

Manual iork 20 17 

Mechanical Work 17 13 

Agriculture, Marine, 
and Forestry 15 

Service Work 2 2 

Clerical & Sales 10 12 

Professional, Mana- 
gerial, technical 36 37 

No Answer 

The highest percentage of the mothers were classi- 

fied as housewives; 67 per cent of' the mothers in the film- 

group and 61 per cent in the non-film-group were in this 

category. The second largest group, which consisted of' an 

equal number of mothers in both groups, was employed in 
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clerical and sales work. This included l per cent of the 

mothers in their respective groups. The third largest 

occupational group consisted of professional people of 

which ten per cent were in th? film-grotip and 12 per cent 

in the non-film-group. Table XVII gives further evidence 

that the variations betwecn the various occupations of 

the mothers in the two groups is slight. 

TABLE XVII 

A C'ÍPARIS4 OF OCCUPATIS OF THE MOTHERS OF THE 
STUDENTS IN THE TWO RESPECTIVE GROUPS 

Film-Group Non-Film-Group 

Housewlf2 67 61 

Manual Work 2 L. 

Mechanical Work i 1. 

Agriculture, Marine, 
and Forestry I 1 

Service work 

Clerical and Saies l 

Professional, Mana- 
gerial, & Technical 10 12 

No Answer O i 
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_______ Education. Most of the parents in both 

groups had at least elementary school educations as Tabla 

>.:vIII shows. In the film-group 29 per cent of the fathers 

and O per cent. of the mothers held higii school diplomas, 

and in the non-film-group 22 per cent of the fathers and 

30 per cent of the mothers were secondary school gradu- 

ates. With regard to parents with college degrees, a 

greater difference exists between the groups. Fourteen 

per cent of the fathers in the film-group have college 

degrecs as compared to 2L per cent of the fathers 01' 

students in the non-film-group. This tendency, with some 

variation, holds true for the mothers, too. Eleven per 

cent of' mothers in the film-group completed college in 

comparison to 20 per cent of mothers In the non-film- 

group. 



TABLc XVIII 

COMPARISON OF FORMAL EDUCATION BTWEEN THE 
PARENTS OF THf FILM ANI) NONFILrviGRC*iPS 

FI 1m-Group Non-Fi 1m-Group 

Father Mother Father Mother 

Did not complete 
elementary school 6 1 2 

Did complote 
elementary school 9 6 10 11 

Had some work 
in high school 21 15 19 

Comp I e t e d 
high school 29 50 22 

Had some college 
training 21 17 17 22 

Is a college 
graduate 1L. 11 2Lt 20 



Anticipated Occupation. The students were asked 

what they plan to be doing ten years from now. Their 

answers are tallied in terms of' percentages in Table XiX. 

This table indicates that over 70 per cent in each group 

anticipates employment of a professional nature. Some, 

in both groups, were undecidcd. 

TABLE XIX 

CCPARISON OF ANTICIPATED OCCUPATIONS TEN YEARS FROM NOW 

Fi 1m-Group Non-Fi 1m-Group 
LI 
/0 /0 

Housewife 2 

Manual Work O O 

Mechanical Work 3 0 

Agriculture, Marine, 
and Forestry i 2 

Service work 
J. O 

Clerical and Sales 2 0 

Professional, Mana- 
gerial, Technical '17 70 

Undecided 11 26 



Statistical Analysis 

The statistical data included in this study cover 

pre-testing, three unit tests in physics given during the 

year, and two achievement tests at the end of the school 

year. 

The design of this experiment is hierarchical in 

form, and lt contains two factors: (1) the variance 

between two teachrg methods and (2) the variance among 

the average scores of the various schools In the experi- 

ment. The primary objective in the course of the ar'a]ysis 

of these data was to determine whether one method of 

Instruction was significantly better. 

Pre-tests. The pre-tests given during the first 

week of school Included the areas of mental ability, 

science aptitude, general science, and physics. The means 

on these pre-tests arc shown in Tables XX through XXIII. 

Purposefully, in all of the tables, the schools were 

arranged In an unaiphabetical order and were given letter 

codes to help assure that no scores could be identified 

with the corresponding schools. 

Unit Tests. The achievement results in the 

during-the-year unit tests In (1) mechanIcs, (2) heat, 

nd (3) electrIcity are given in Tables XXIV through 

XXVI. 
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TABLE XX 

MEAN SCORES FOR MENTAL ABILITY 

NON-FILM-GROUP FILM-GROUP 
No. of' No. of' 

Class Mean Students Class Mean Students 

A* l26.7 Q l27. 602 

B 131.3 23 R 121.7 3L3 

C 119.2 23 S 128.3 29 

D 126.3 20 T 13.1 23 

E 113.1 18 U 123.3 21 

F 129.L1. 17 V 120.0 19 

G 117.1 17 W 121.9 19 

H l22.L 17 X 127.1 19 

I 126.8 12 Y 12S.9 17 

j iiL,.L. io z i2.8 

K 118.9 8 

Non-Film- Film- 
Group 123.. 216 ________ Qroup 126.0 2 

* The schools in each group have been arranged accorHng 
to the frequency of' students; this puts then in an un- 
alphabetical order to help assure that no scor's cn be 
identified with corresponding schools. 

**These means were based on raw scores. 

1This figure represents the total number of' students in 
three classes in one school. 

2This figure represents the total number of students in 
three classes in one school. 

3This figure represents the total number of' students in 
two classes In one school. 
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TABLE XXI 

MEAN SCORES FOR APTITUDES 

NON-F I LM-GROUP FI LM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 28.L. 51 Q 27.a 60 

B 28.3 23 R 25. 

C 27.t. 23 S 29.0 29 

D 25. 20 T 23.) 23 

E 2h.2 18 U 2!.9 21 

F 27.7 17 V 2.1 19 

G 25.0 17 W 30.1 19 

H 21.7 17 X 30.6 19 

I 25.2 12 Y 25.7 17 

j 29.8 10 Z 2)j..L. 

K 23.3 8 

Non- Film- 
Film- Group 
Group 26.5 216 27.3 255 
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TABLE XxiI 

MEAN SCORES FOR DUNNING PHYSICS 
TiST BEFORE INSTRUCTION 

NON-FILM-GROUP FILM-GROUP 
High No. of' High No. of' 

School Mean Students School Mean Students 
A 26.1 Sl Q 27.0 6o 

B 27.5 23 R 20.6 

C 23.1 23 S 30.2 29 

D 28.8 20 T 32.3 23 

E 21.1 18 U 21.5 21 

F 2L4..1 17 V 23.L 19 

G 26.L4. 17 W 22.7 19 

H 2L4.1 17 X 26.2 19 

I 26.L4. 12 Y 22.6 17 

J 20.L4 10 Z 29.0 IL4. 

K 21.6 5 

Non- - Film- 
Film- Crcup 
Group 2.1 216 2S.7 2SS 
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TABLE XXIII 

MEAN SCORES FOR STEP TESTS 
BEFORE INSTRUCTION 

NON -FILM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 37.I 51 Q 39.5 60 

B 38.L. 23 R 36.2 

C 3L.8 23 S 37.9 

D LO.3 20 T 39.5 23 

E 33.0 18 U 36.6 21 

F 37.2 17 V 35.7 19 

G 35.8 17 W 37.1 19 

H 37.6 17 X 38.9 19 

I 3L..8 12 Y 35.1 17 

J 10 Z 37.2 1j. 

K 3t4..5 8 

Non- 
Film- Film- 
Group 36.6 216 Group 38.0 255 
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TABLE XXIV 

MEAN SCORES FOR MECHANICS ThST 

NON-F I LM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 37.2 51 Q 5.3 60 

B 1L3.6 23 R 33.9 3h. 

C 36.7 23 S 35.5 29 

D 3k.6 20 T 47.1 23 

E 36.3 1 U 35.2 21 

F 32.5 17 V 3.2 19 

G 36.0 17 W 36.6 19 

H ).tl.6 17 X L0.2 19 

I tLO.5 12 Y 32.9 17 

J 39.0 10 Z 38.L. llj. 

K 37.LL 8 

Non- 
Film- Film- 
Group 37.7 216 Group 36.6 255 
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TABLE XXV 

MEAN SCORES FOR HEAT TEST 

NON-FILM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 1Lj.3 l Q 36.L 60 

B 3S.7 23 R 31.t. 3L. 

C 31.S 23 S 3S.9 29 

D 33.2 20 T L2.8 23 

E 32.7 13 U 30.1 21 

F 31.1 17 V 3)4.Lj 19 

G 36.1 17 W 32.3 19 

H 36.3 17 X 32.2 19 

I ¿42.3 12 Y 28.6 17 

J 31.6 10 Z 37.7 iL1. 

K 33.2 8 

Non - 
Film- Film- 
Group 36.6 216 Group 3L1.. 2S5 
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TABLE XXVI 

MEAN SCORES FOR ELECTRICITY TEST 

NON-FILM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 29.1 l Q 26.1g. 60 

B 28.8 23 R 26.L 3L. 

C 2.2 23 S 31.1 29 

D 28.1 20 T 32.2 23 

E 26.1 1 U 2.3 21 

F 21.Lj. 17 V 26.L. 19 

G 2.1 17 W 26.L. 19 

H 29.f 17 X 2.2 19 

I 31.0 12 Y 27.5 17 

J 21.7 10 Z 35J.1. 1L. 

K 22J 8 

Non- 
Film- Film- 
Group 26.9 216 Group 28.0 255 
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End-of-the-Year Achievement Tests. Two instru- 

ments which were first administered as pre-tests were 

used again at the end of the course. These two included 

the S.T.E.P. test and the Dunning Physics Test; the same 

form of each Instrument was used, respectively, for both 

situations. Tables X(VII and XXVIII show the mean 

achievement scores after instruction. 

Analysis of Variance. The analysis of variance 

was used to test the significance of' the difference 

betwen the two instructional methods and to test the 

differences among the mean scores within the various 

schools. The results of these analyses are shown in 

Tables XXIX through XXXVIII. Each table has two F-values. 

The upper F-value with i and 19 degrees of fredom was 
used to test the significance of' the difference between 

the mean scores of the film and non-film-groups; the 

lower F-value of 19 and L5O degrers of freedom was used 

to test the significance of the differences among the 

mean scores of the various schools that received the two 

methods of instruction. A large F-value indicates 

significance. 
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TABLE >00/II 

MEAN SCORES FOR DUNNING PHYSICS 
TEST AFTER iNSTRUCTION 

NON-FILM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A bi.i 51 Q 39.2 60 

B tj2.14. 23 R 38.2 3h. 

C 32.1 23 S 141.6 29 

D 36.6 20 T 1i8.9 23 

E 35.7 18 U 31.1 21 

F 33.2 17 V 3h.1 19 

G L5.6 17 W 36.6 19 

H 140.3 17 X 39.5 19 

I 142.9 12 Y 30.9 17 

J 30.8 10 Z 39.7 114. 

K 314.9 8 

Non- 
Film- Film- 
Group 38. 216 Group 38.5 255 
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TABLE XXVIII 

MEAN SCORES FOR STEP TEST 
AFTER INSTRUCTION 

NON-FILM-GROUP FILM-GROUP 

High No. of High No. of 
School Mean Students School Mean Students 

A 38.7 l Q 60 

B L.3.7 23 R 3L 

C 37. 23 S L3.5 29 

D 1j3.Lj. 20 T L.l.7 23 

E 38.3 18 U 38.1 21 

F ).0.5 17 V 39.2 19 

G t12.9 17 W 39.5 19 

H 39.9 17 X Lj3.1 19 

I 39.2 12 Y 36.5 17 

J 35.8 10 Z L2.l IL1. 

K 33.6 6 

Non- 
Film- Film- 
Group 39.8 216 Group L1.1.2 25.5 
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TABLE XXIX 

CRITICAL VALUES OF F-DISTRIBUTION 

Degrees of' Freedom 5% 1% 

i and 19 L.38 c.19 

19 and Li50 1.65 2.03 

TABLE XXX 

ANALYSIS OF VARIANCE FOR MENTAL ABILITY 

Sources of' Degrees of' Mean 
Variation Freedom Square F 

Method i 75L..85 1.3IiO 

School 19 563.L1.8 1.718* 

Error L50 328.05 

Total Li.70 

* Significant at 5% level. 
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TABLE XXXI 

ANALYSIS OF VARIANCE FOR APTITUDE 

Sources of Degrees of Mean 
Variation Freedom Square F 

Method 1 72.76 .67 

School 19 107.dt1 2.596* 

Error I5O Li.L4. 

Total L!70 

S1gn1f1cant at l2 level. 

TABLE XXXII 

ANALYSIS OF VARIANCE FOR DUNNING PHYSICS 
TEST BEFORE INSTRUCTION 

Sources of D'grees of' Mean 
Variation Freedom Square F 

Method i LLB.87 .l9 

School 19 250.11 2.83 

Error L!5O 66.60 

Total L70 

Sign1uicant at 1% level. 
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TABLE XXXIII 

ANALYSIS OF VARIANCE FOR STEP TEST 
BEFORE INSTRUCTION 

Sources of Degrees of Mean 
Variation Freedom Square F 

Method 1 217. 3.O 

School 19 71.21 1.L59 

Error LLO Lj8.80 

Total L7O 

TABLE XXXIV 

ANALYSIS OF VARIANCE FOR MECHANICS TEST 

Sources of Degrees of Mean 
Variation Freedom Square F 

Method 1 139,3 .L8l 

School 19 289.98 3.726** 

Error L150 77.83 

Total L7O 

SigniuIcant at 1% level. 



TABLE XXXV 

ANALYSIS OF VARIANCE FOR HEAT TEST 

Sources of' Degrees of' Mean 
Variation Freedom Square F 

Method 1 511.29 1.O8 

School 19 L.71.15 

Error L5O 87.68 

Total L.7O 

''S1gn1ficant at 1% level. 

TABLE XXXVI 

ANALYSIS OF VARIANCE FOR ELECTRICITY TEST 

Sources of Degrees of' Mean 
Variation Freedom Square F 

Method 1 133.57 .667 

School 19 200.17 Lj.906 

Error 1450 LO.8O 

Total 

Significant at 1% level. 
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TABLE XXXVII 

ANALYSIS OF VARIANCE FOR DUNNING PHYSICS 
TEST AFTER INSTRUCTION 

Sources of negrees of Mean 
Variation Freedom Square F 

Method 1 .01 .00002 

School 19 S0S.L.0 
379541* 

Error L50 133.19 

Total 1j70 

"Significant at 1% level. 

TABLE XXXVIII 

ANALYSIS OF VARIANCE FOR STEP TEST 
AFTER INSTRUCTION 

Sources of Degrees of Mean 
Variation Freedom Square F 

Method 1 221j.95 l.7OLt 

School 19 132.0L 2.875' 

Error L50 L5.92 

Total L7O 

SIgnificant at 1% level. 
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Table >XIX is given to help interpret the critical 

values that denote significance. If a computed F-value 

exceeds the corresponding critical value at the five per 

cent or one per cent level of significance In Table XXIX, 

the difference is significant. Otherwise, the difference 

Is not significant. Further interpretation and discussion 

01' each table follow. 

Anal,sis of Variance of ental b1li. The mean 

mental ability of groups of students from the different 

schools ranged from 113.1 to 135.1 points. This is shown 

In Table XX. Analysis of variance indicates that this 

difference In mental abilities among the schools Is real 

and significant at the five per cent level of confidence. 

Although there appeared to be real differences of 

mean mental abilities among the schools, these groups have 

been so arranged that the abilities of the film and non- 

film-groups appear to be equal. This is pointed out in 

Table XX. 

More specifically, Table xx shows a difference of 

2.5 points (126.0 minus 123.5 points) between the fIlm and 

non-film-groups as measured by the Terman-McNemar Test; 

however, the analysis of variance ta 'ilated in Table XXX 

indicates that this difference is not significant at the 

five per cnt level. This means that it can be assumed 

that the two groups had equal mental ability. 
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Analysis of Variance for Aotitude. The mean scores 

for science aptitude among all of the schools ranged from 

21.7 to 30.6 points (Table '/I). The F-value of 2.596 

(Table "XYI) points out significant differences of apti- 

tudes at the one per cent level of confidence among the 

schools. This indicates that, according to the evidence, 

it Is highly improbable that this difftrence is the re- 

suit of chance alone. Therefore, sornc schools had students 

that were more able In regard to scientific aptitude. 

The difference between the means of the film and 

non-film-groups concerning science aptitude was .8 

(27.3 minus 26.5). This is shown in Table >XI. The F- 

value of .675 from an analysis of variance (Table XXXI) 

is not significant at the five per cent level. 

Therefore, in regard to aptitude, it may be con- 

cluded that although real differences in aptitude e<isted 

among the schools, the choo1s were arranged so that in 

the total effect there was n significant difference at 

the five per cent level of confidence between the film 

and non-film-groups. 

Amount of Physics KnowledQe Prior to the Course. 

The amount of specific physics knowledge, as measured by 

the flunning test, prior to instruction varied considerably 

among the schools. The mean scores of schools ranged from 

20.ti to 32.3 (Table XXII). The F-value of 2.888 in 
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Table XXXII reveals that the differences among the school 

scorcs are significant at the one per cent level. The fact 

that sorne schools had more informed students indicated a 

selective factor; however, in regard to th students within 

the film and non-film-groups, there was no significant 

difference. Tables XXII and XXXII point this out. More 

specifically, the difference between the means of the two 

groups (2.7 minus 2.l) is .6. The F-value from the 

analysis of this variance is .l9 which is not significant. 

This means that even though there are real differences of' 

physics knowledge among the schools, the film and non-film- 

groups have been so arranged that each group possessed an 

equal knowledge of physics prior to instruction. 

Amount of Science Knowledge Prior to the Course. 

Table XXì'III reveals that there was no significant differ- 

ence in the amount of' science knowledge between (1) the 

two groups or (2) among the schools as measured by the 

S.T.E.P. test. Therefore, we may conclude that all of the 

schools seem to represent similar population In terms of 

what the S.T.E.P. test measured, and that whatever differ- 

ences exist are the result of chance factors and not of 

certain selective factors. 

The above interpretation and discussion of statis- 

tical data were limited to the pre-testing phase of the 
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experirrent. The following discussion covers the unit tests 

given during the year. 

Achievement in the Unit on Mechanics. Table XXXIV 

reveals a real difference, significant at the one per cent 

level, in achievement among the various schools; however, 

there Is no significant difference in achievement, as 

measured by the test, between the film and non-film-groups. 

Achievement in the Unit on Heat. The difference 

between the means of the two groups on the heat test was 

2.1 points as shown in Table XXV. The analysis of vari- 

ance for the heat unit achievement scores (Table XXXV) show 

that there was no signigicant difference between the film 

and the non-film-groups. But the mean difference in 

achievement among the schools, which ranged from 26.6 to 

Li4.3 (Table <xv) is significant (Table XXXV) beyond the one 

per cent level. Thus, one may conclude that there was a 

real difference among the schools concerning the concepts 

of heat; however, in regard to the two groups, there was 

no significant difference In achievement. 

Achievement_in the Unit on Electricity. The differ-- 

ence among the means of the various schools ranged from 

2l.L. to 3.Lt (Table XXVI) on the electricity achievement. 

This difference in the variation among the schools is 

significant (Table XXXVI) at the one per cent level. 
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This Is not true for the two major groups. 

The film and non-film-groups had a difference 

between their means of 1.1 points (2.O minus 26.9), shown 

In Table XYV. This difference, represented by an F-value 

of .667, Table >YVI, is not significant. In other words, 

although the variation of achievement on the electricity 

test among th' schools was significant at the one per cent 

level, we can saf'ly conclude that there was no difference 

between the amounts achieved by either group as mt'asured 

by the test. 

The above-mentioned unit tests gave some Indication 

of achievement for both groups during the school year after 

instruction began. The following tables and discussion 

cover the end-of-the-year testing program for further 

evidence, if any, in the difference of achievement between 

the film and non-film-groups of' students. 

Achievement in Knowledge of Physics. The mean 

achievement in physics knowledge among the schools after 

instruction ranged from 30.3 to ).9 points (Table >CVII). 

This variation was significant at the one per cent level 

(Table .-:VII); however, the difference between the two 

principal groups, as the following paragraph explains, 

was not significant. 

Prior to instruct ion, the means for the film and 

non-film-groups, as measured by the tunning test, were 25.7 



and 25.1, respectively (Table XXII). After one school 

year of instruction, both groups achieved an identical mean 

of 38.5 points (Table XXXVII). Although one group gained 

.6 of a point more than the other, this difference is not 

significant. The film and non-film-groups appear to have 

gained approximately the same amount. Thus, we may con- 

chide that students learn as much physics from one method 

of instruction as from the zther. 

Achievement in the General Knowledge of Science. 

As far as the schools were concerned, there was a real 

difference In the achievement in the general knowledge of 

science. The range in achievement, for instance, was from 

33.6 to Li3.7 points. The F-value of this variation was 

2.875; this indicated a variation In achievement among the 

schools significant at the one per cent level as shown in 

Table XXXVIII. 

Prior to instruction, the film_groupes mean score 

on the S.T.E.P. test was 38.0 in comparison to the non- 

film-group's score of 36.6 (Table XXIII). After instruc- 

tion for one school year, the film and non-film-groups' 

respective achievement gains in terms of mean scores were 

¿l.2 and 9.5 (Table XXVIII). An analysis of variance of 

the difference between the two end-of-the-year mean 

achievement scores shows that one group did not achieve 

significantly more than the other (Table XXXVIII). 
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Student Evaluation of' Physics Film Serles 

Two weeks prior to the end of the school year, each 

student in the film group was given a questionnaire to help 

evaluate his physics course which included the Harvey White 

series of 162 physics ui1ms. The students' opinions and 

evaluations, based on a loo per cant return, are tabulated 

and discussed below. 

Personal Attention. Many students felt that their 

physics course in which most of the Information was pre- 

sented through the medium of films was less personal. In 

fact, 63 per cent stated that they felt a lack of personal 

attention while 37 per cent s:Id that they did not feel a 

lack of personal attantior:. 

Evaluation of the Effectiveness of' the Filmed 

Instruction. The students in trie film group were asked 

to give their opinions of the effectiveness of the film 

serles. Naturally, these students had no way to actually 

compare their physics instruction to the non-film group 

method of' teaching except as they had encountered the 

more traditional lecture-demonstration approach in other 

areas of' learning. Table YXXI reveals the students' 

opinions. Twenty-three per cent of' the students felt that 

the film series was about as effective as the more tradi- 

tional lecture-dmonstratjon instructional method. 
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Thirty-one per cent of this group felt that the filmed 

course was more effective than traditional instruction, 

and the remaining L6 per cent felt that the film approach 

was less effective. 

Evaluation of Harvey White as a Teacher. Although 

the students in the film group had no y to actually 

compare Harvey White, as an instructor on film, to the 

average high school physics teacher, a statement on the 

questionnaire was included to obtain student opinions. 

Table XXXIX reveals that 69 per cent of the students felt 

that Harvey White was better than the average high school 

physics instructor. Eighteen per cent felt that White's 

teaching ability was equal to the average physics instruc- 

tor, and 13 per cent felt that White, as an instructor on 

film, was not as effective as the average physics teacher 

who uses the more traditional lecture-laboratory approach. 

Vicarious Laboratory Experiences. In regard to 

laboratory experiences, the students were asked this ques- 

tion: "What is your opinion about doing most of your 

laboratory work through film observation rather than 

through actual experience in the high school laboratory?" 

Seventy per cent, as shown in Table XXXIX, felt that they 

could have learned more through actual laboratory exper- 

ience than they had learned vicariously through films. 

Fifteen per cent believed they learned as much through 



TABLE XXXIX 

STUDENT OPINIONS CONCERNING THE EFFECTIVENESS OF THE FILM SERIES AS 
COMPARED WITH THE MORE TRADITIONAL LECTURE-DEMONSTRATION METHOD 

OF INSTRUCTION 

More About As Less 
Effective Effective Effective 

Effectiveness of the Filin 31 23 L6 Series 

Effectiveness of Harvey 69 18 13 
White as a Teacher on Film 

Effectiveness of Vicarious 15 1 70 
Laboratory Experience 

'.0 
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their vicarious laboratory experiences as they would have 

learned through traditional physics teaching. The re- 

maining l per cent were of the opinion that thEy had 

learned more through the filmed laboratory experience 

than they would have from the traditional laboratory- 

experience approach. 

Disturbing Factors. The students were asked to 

rate three specific items to determine to what dgree the 

film procedure disturbed them. These Items follow: 

I could not ask a question when the film was 
going. 

The content was too rigid or inflexible. 

The films took most of our class time; there- 
fore, little time remained for class discussion. 

Table XL shows the students' feelings concerning 

the above items. Approximately one-third of all the stu- 

dents were not disturbed by any of these Items; however, 

about half of' the students were disturbed to some extent 

because (1) they could not ask questions while the film 

was going, and because (2) the filmed-course content was 

too rigid or inflexible. A small per cent of the students 

indicated on the rating scale that the three items in 

question disturbed them a lot. Twenty per cent within 

this group were highly concerned because they could not 

ask questions while the film was going; l per cent 

claimed that the content was too rigid; and 32 per cent 



TABLE XL 

FACTORS THAT DISTURBED THE FiLM-GROUP STUDENTS 

Disturbed Disturbed Did not 
me a lot me orne disturb me 

% 

I could not ask a question when 
the film was going. 20 53 27 

The content was too rigid or 
inflexible because it was on 
film. 15 50 35 

The films took most of our 
class time; therefore, little 
tir- remained for class 
discussion. 32 38 30 



said insufficient time remained after each film showing 

for adequate class discussion. 

Additional Advantages and Limitations. In addi- 

tion to the specific items on the end-of-the-year student 

questionnaires, open-ended questions were included to en- 

courage each student to give supplem ntary observations 

and opinions. The students, as a whole, listed many com- 

ments; however, most of their comments merely gave further 

explanation to items they had already checked. Therefore, 

the content of Table XLI is limited, to free-response items 

beyond those already discussed in this chapter. 

Table XLI indicates that the students were aware 

of the limitations of the available laboratory equipment 

in many physics classes, and that they were also aware of 

the amount of time necessary to set up laboratory appa- 

ratus for good experimentation. This conclusion is based 

on voluntary comments by 60 per cent of the film-group 

students who made statements to the effect that the film 

series showed many more good laboratory demonstrations 

and experiments than money and time would permit under 

traditional physics teaching. In addition, nine per cent 

stated that valuable learning time was not lost in setting 

up laboratory demonstrations. Fourteen per cent felt 

that the filmed course was more comprehensive than the more 

traditional lecture-demonstration type physics courses. 
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TABLE XLI 

SPECIFIC ADVANTAGES AND DISADVANTAGES OF THE FILMED 
SERIES BASED ON VOLUNTARY COMMENTS FROM STUDENTS 

Advantage s 

The films showed many more good laboratory 
demonstrations than time and money would 
permit the preparation of in the school 
laboratory. 60 

Valuable learning time was not lost in 
setting up laboratory demonstrations. 9 

The filmed course was mor comprehensive 
than traditional physics courses. lL 

Limitations 

Too much material was given in too little 
time. 10 

School textbooks did not include a 

sufficient amount of the film content. 2 

The day-to-day film format tended to be 
tiresome and boring. 13 

Some of the students felt that too much academic 

material was covered in too little time; ten per cent of 

the film-group of students made this statrnent. Others 

felt that the day-to-day film format was tiring and boring; 

13 per cent made this remark. Two per cent stated that 

their textbooks did not include a sufficient amount of the 

film content, They claimed that this caused frustration 

when they attempted to find material to read that covered 

certain items in the film. 



Reading Habits. The questionnaire given at the 

beginning of the school year pointed out that neither the 

film nor non-film-group students read many science books 

or magazines. Table XV, page 63, covers the students' 

reading habits for the 1957-1958 school term. Table XLII 

compares the reading habits of the film-group for the 

1957-1958 and 1958-1959 school years. The statistics 

within the table are limited to printed science material 

other than that which was assigned for class work. 

TABLE XLII 

COMPARISON OF FILM-GROUP SCIENCE READING HABITS 
BETWEEN 1957-1958 and 1958-1959 SCHOOL TERMS 

5 and 
over 3-Lt. l-2 None 

Science Books 
1957-1956 3 10 22 65 
1958-1959 3 22 33 L1.2 

Science Maaazines 
1957-1958 o io 36 5L 
1958-1959 6 28 3L 32 

Science Fiction 
1958-1959 5 9 22 6L 

Table XLII shows that the film-group did rnore 

science textbook reading during the 1958-1959 school year 

than they did during the previous year. In regard to 

scientific articles, the table also shows an increase in 



rriagazine reading. 

In addition, approximately one-third of the film- 

group read sorne science fiction during the l8-.l9S9 

school year. Sixty-four per cent of the students said 

that they had read no scientific fiction books or articles 

during the school year. 

Occupational Choice. The beginning-of-the-year 

questionnaire covered what each student hoped to be doing 

ten years from that time. Their occupational choices as 

of September, 1958, were given in Table::ix, page 68. At 

the end of the school year, the film-group was asked this 

question again. Table XLIII compares the film-group 

student-occupational goals of September, 1958, and June, 

1959. 

In general, the occupational choices of the students 

between September, 1958, and June, 19S9, differed littl 

with the film-group. For instance, 77 per cent in 

September, l98, indicated that their occupational goal 

one decade later was in professional, managerial or 

technical fields. Nine months later in June, 1959, 77 per 

cent again indicated this goal. The maximum variation, in 

terms of per cent, In occupational choice during the nine- 

month series of physics films did not exceed six per cent. 
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TABLE XLIII 

COMPARISON OF THE FILM-GROUP OCCUPATIONAL GOALS BEFORE 
AND AFTER COMPLETING THE WHITE PHYSICS FILM SERIES 

Occupati ona i Occupational 
Choice Choice 

Sept.,1958 June, l99 

Housewife 5 

Manual Woik fl I 

Mechanical Work 3 

AgrIculture, Marine, 
And Forestry 1. 7 

Service Work i L. 

Clerical and Sales 2 3 

Professional, Mana- 
gerial, and Technical 77 77 

Undecided 

Total s 

ii o 

loo 100 

This largest variation was in the category that included 

artculture, marine, and forestry. 

Number ofPysics Films Per Week. The students were 

asked their opinions concerning the number of films that 

should be used for best results in their physics classes. 

Their answers are summarized in Table XLIV which shows 

that 56 per cent felt that one film per week is best. 

Only 18 per cent were of the opinion that one film each 

day is better while 21 per cent felt that three physics 
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films per week would be a bettcr procedure. 

TABLE XLIV 

APPROPRIATE NUMBER OF PHYSICS FILMS PER 
iEEK SUGGESTED BY STUDENTS 

Per cent in 
favor of: 

One Film Each Day l3 

Three Films Per Week 21 

One Film Each Week 

One Film Per Month 

Teacher Evaluations of the Physics Film Series 

At the end of the l93-l99 school year, question- 

naires were sent to each teacher in the film-group. The 

teachers were asked specific questions concernin the 

level of' difficulty of the White Physics Films, the degree 

of success they achieved with the film series, and whether 

or not it was helpful to sec another physics teacher per- 

orm. 

In addition, ample space for comments followed each 

question plus several open-ended questions to encourage 

each teacher to list further observations and opinions. 
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Level of' Difficulty. In regard to the level of 

difficulty of the Thite Physics F1lrs, 0 per cent of the 

teachers were of the opinion that the filins were too ad- 

vanced for their high school students. No teacher felt 

that the film serles was too easy for th s'condary school 

level students. Th renaming O per cnt were of the 

opinion that the level of difficulty for their students 

was about right. 

Degree of' Success with Funs. The teachers were 

asked to rate on a scale the degree of success that they 

felt they had had with sound educational motion pictures 

in classes they ha taught prior to the Oregon Physics 

Experiment and, also, to indicate on the rating scale the 

degree of success they felt they had with the White Physics 

Films. The scale covered three divisions: poor results, 

average results, and good results. The scif-ratings by the 

teachers are given in Tabl2 .LV. 
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COMPARISON OF SUCCESS WITH SOUND EDUCATIONAL MOTION PICTURES 
IN FORMER CLASSES WiTH THE WHITE PHYSICS FILMS 

Good Average Poor No 
Results Results Results Response 

No. % No. No. No. % 

Success with 
Films Prior to 
September, 19S8 L L0 0 O O 

Success with 
the White 
Physics Films 3 30 6 60 1 10 

1* 10* 

o o 

*First_year teacher with no previous experience other than 
student teaching. 

Table XLV reveals that 90 per cent of' the teachers 

felt that prior to the Oregon Physics Experiment, they had 

had average or better than average results with educational 

motion pictures. One first-year teacher, of course, was 

unable to comment on prior film experience. At the end of' 

the experiment, 90 per cent of the teachers felt that they 

had had average or better than average results with the 

White Physics Films. Ten per cent, which represents one 

persones opinion, claimed poor results with the film series. 

Student Withdrawals. Each teacher was asked 1f any 

students dropped his physics course because of dissatis- 

faction with the White Physics Film procedure. The ten 

teachers reported only four withdrawals for this reason. 

Two of the drop-outs were classified as slow learners by 
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their respective teachers; the third was considered as a 

student with average ability; and the fourth, the teacher 

claimed, was a superior student. 

The In-service Value from Observing Another Physics 

Instructor Teach. The ten film group teachers were asked 

to indicate the value of observing another physics instruc- 

tor teach. Seventy per cent said that the opportunity to 

observe Harvey White teach high school physics was very 

helpful; twenty per cent felt the opportunity was helpful; 

and ten per cent, which reflects one persones opinion, felt 

that this observation opportunity was of' little value. 

Student Achievement. The film-group teachers were 

asked to judge the effectiveness of the White Physics Films 

in terms of' student achievement. Seventy per cent of the 

teachers felt that the students learned about the same from 

the film series as they would have learned from a lecture- 

demonstration physics course. Twenty per cent were of the 

opinion that the students learned more from the film series 

than they would have lea ned from lecture-demonstration 

procmures, and ten per cent, which represents one teacher, 

believed his students learned less from the film approach 

than they would have learned from the more traditional 

lecture-demonstration classroom environment. 
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Additional Reactions to the Film Experience. In 

order to obtain additional information, the teachers were 

asked to list pro and con comments to express their over- 

all feelings toward the filmed physics course. Every 

teacher wrote two or more comments concerning the advan- 

tages and limitations of the film approach. Twelve rather 

broad categories were constructed under which all of the 

free responses could be recorded. These appear in 

Table XLVI. 

Table XLVI reveals that the teachers evaluated the 

general overall lectures and laboratory sessions as one of 

the fine features of the filmed series. They also indicat- 

ed that most schools could not even hope to purchase with- 

in the foreseeable future the excellent laboratory equip- 

ment shown on film. Other advantages included (1) the 

films provided front row seats for all, (2) the films in- 

cluded a good coverage of physics units, (3) the films 

provided a good review for the teachers, and (!.) teachers 

learned teaching techniques and academic information that 

may be used in future classes. 

Film fatigue, resulting from one filin every day, 

was listed in this section as the most critical objection; 

50 per cent of the teachers commented on this item. 

Twenty per cent felt that (1) the format was too rigid 

for maximum teaching effectiveness, (2) the format lacked 

inspiration too often, and (3) that the content was too 
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TABLE XLVI 

FREE RESPONSES TO ADVANTAGES AND LIMITATIONS OF THE 
WHITE PHYSICS FILMS BY THE FILM-GROUP TEACHERS 

Responses 
in 

Per Cents 

Advantage s 

Excellent lectures and demonstrations 90 

Class saw demonstrations on apparatus 
(that schools cannot hope to purchase) 80 

Good review for high school teachers 60 

All students have front row spats ko 

Good coverage of physics units L0 

Learned techniques and information that 
can he used in future teaching 30 

Limitations 

Film fatigue (too many films each week) 50 

Insufficient time for students to do 
own experiments 30 

Format too rigid 20 

Format lacks inspiration 20 

Too advanced for the slower students 20 

Too many errors in words, figures and 
computations 10 
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advanced for the s1owcr students. One person, which re- 

presents ten per cent. of' the teachers, felt that errors 

in words, figures, and computations occurred too often. 

It is interesting to note that, during the school year, 

teachers occasionally mentioned the inevitable and under- 

standable television-type format mistakes that they had 

noticed; however, only one teacher listed this limitation 

on the evaluation questionnaires. 



CHAPTER V 

SUM1'ARY AND CONCLUS IOEIS 

This chapter is divided Into three major sections: 

the experimental design, a summary of' the findings, and 

conclusions. The experimental design is presented first. 

The Experimental Design 

Th purpose of' this study was to compare the 

effects upon learning In high school physics taught by two 

different methods during one entire school year. Part of 

the instruction for one group included the entire serles 

of White Physics Films; the other 'roup was taught in the 

more traditona1 lecture-demonstration manner. The study 

Included L7l students of which 25 were In the film-group 

and 216 in the non-film-group. 

In order to assure that the two groups were of equal 

ability in aptitude and knowledge of science, four pre- 

tests were given during the first two ieeks of the 1958- 

199 school year. These pre-tests covered the areas of 

(i) mental ability, (2) science aptitude, (3) a general 

knowledge of science, an (L.) specific knowledge of physics 

prior to instruction. 

Three during-the-year unit tests were given. These 

included the areas of mechanics, electricity, and heat. 
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I'ntical forms of the science and physics achieve- 

ment tests used during pre-testing were administerd again 

two weeks before the end of the term. These tests and the 

unit tests were used to determine the achievement of the 

two groups of students. 

Summary of the Findings 

The summary of the findings which the study revealed 

are discussed under the following five headings: (1) gen- 

eral descriptive background information of the teachers, 

(2) general descriptive background information of the 

students, (3) statistical analysis of the experiment, 

(LI) student evaluation of the White Physics Films, and 

(.5) teacher evaluation of the White Physics Films. General 

descriptive 1nforw.t1on concerning the film and non-film- 

group of teachers is presented first. 

_Descript1ve Information Concerning the 

Teachers. The major findings concerning the descriptive 

background of the teachers of a general nature follow: 

Professional Background. Although the profes- 

sional backgrounds of the individual teachers 

varied within each group, in general, the 

professional backgrounds of the teachers of 
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the film and non-film-groups were approximately 

the same. 

Teaching Load. No teacher in either group 

taught physics full time. Each teacher had 

responsibilities in other areas as part of his 

teaching load. 

Teaching Supplies and Laboratory Apparatus. The 

availability of physics teaching equipment and 

instructional supplies were adequate or more 

than adequate in most of the film and non-film- 

groups of schools. 

General Descriptive Information Concerning the 

Students. The major findings concerning the general back- 

grounds of the students follow: 

Sex. Most of' the students were boys. Only 

eight per cent of the film-group were girls 

compared to li per cent in the non-film-group. 

Year in Schoo±. All of' the students were either 

juniors or seniors. 

Educational Background. Each group had 

approximately the same background of related 

courses. 
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Reasons for Enro11ing in Physics. The primary 

reasons for enrolling in physics courses for 

each group were for (1) college preparation 

and (2) necessary for the occupation preparation. 

Readij Habits. Each group had poor reading 

habits; during the 12-month period prior to this 

study, 6 per cent or more of all the students 

in each group had not read one science book 

other than the class text. 

Parents' Occupations. The parents' occupations 

ranged from manual to profcssional work. Re- 

gardless of the occupation, approximately the 

same number of parents of the film and non-film- 

group tended to be employed in it. This tend- 

ency also applied to the working mothers of both 

groups. 

Parents' Education. In general, the formal 

educational levels of the mothers and fathers 

of both groups of students tended to be similar. 

Student Occupational Goals. A comparison of the 

occupational goals of both groups showed them to 

be approximately equal. Seventy-seven per cent 

of the film-group as compared to 70 per cent of 
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the non-film group anticipated employment In 

the areas of professional, managerial, or 

technical work. 

Statistical Analysis. The following statements are 

based on evidence revealed through statistical analysis: 

Pre-tests Indicated that no Significant Differ- 

ences Existed Between the Film and Non-film 

Group. Although the pre-tests pointed out 

real differences of mean abilities of the 

students among the schools in regard to (1) a 

general knowledge of science, (2) specific 

knowledge of physics, (j) scientific aptitude, 

and (b.) mental abilities, the two groups were 

arranged so that there was no significant 

differences in these abilities between the 

film and non-film-groups. 

:!a An1ysis of Variance Indicated that there 

was no Sjnificant Difference in Achievement 

Between the two Groups on During-the Year 

Unit Tests. Unit tests were given during the 

year in mechanics, heat, and electricity. An 

analysis of variance revealed that neither the 

film nor the non-film group achieved si'-if i- 

cantly more than the other. 
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An Analysis of Variance Indicated that there 

was no Significent Difference in Achievement 

Between the two Groups on the End-of-the-Year 

Achievement Tests. After instruction for one 

school year, an analysis of variance, based 

on the end-of-the--year achievement tests, re- 

vealed that neither thr' film nor the non-film 

group achieved significantly more than the 

other. 

Student Evaluation of the \rihlte Pysics Film Series. 

The following generalizations are based upon evaluation by 

the film-group students: 

The Instructor in 

Rated Superior to 

two-thirds of the 

instructor of the 

the average high 

the White Phy1cs Films was 

the AveraGe Teacher. Over 

students felt that the film 

film serles was superior to 

school physics teacher. 

The Effect of the Demaridinci Pace of the Film 

Series. Approximately one-half of the students 

felt a lack of personal attention because the 

film vicwing took most of the class period 

each day. 

The Effect of the Inflexible Format. The in- 

flexible format disturbed some of the students 
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(1) because they could not ask questions dur- 

ing a film lecture or demonstratIon, (2) be- 

cause the filmed content was too rigid, or 

(3) because the films took most of the daily 

class period. Approximately 20 per cent of 

the students were disturbed a lot because of 

these three limitations; approximately 0 per 

cent were disturbed somewhat; and about L0 

per cent stated that these limitations did 

not disturb them. 

The Filmed Presentations are Superior in 

Presenting Demonstrations and Experiments. 

Students recc:ec! that the film serles showed 

many good lecture presentations and laboratory 

demonstrations that time and money cannot per- 

mit in the more typical classroom situation. 

Teacher Evaluations of_the white Physics Film Series. 

The following generalizations are based on evaluations by 

teachers of the film-group: 

The Films were Effective. Ninety per cent of 

the teachers felt that they obtained average or 

better than average results with the films. 
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The Students were Satisfied with the Film Series. 

Students did not drop physics because of dis- 

content with the film approach. Teachers re- 

ported that only four students transferred out 

of physics for this reason. 

The Students Learned from the Film Series. 

Ninety per cent of the teachers felt that their 

students learned at least as much or more from 

the film series than they would have learned 

from the more traditional lecture-demonstration 

method. 

Teachers Learned from the Film Serles. The 

teachers felt that the opportunity to observe 

another person teach was very valuable in- 

service training. 

The Level ofDifficulty of the Film Serles did 

not meet the Approval of all Teachers. Fifty 

per cent of the teachers felt that the level 

of difficulty of' physics in the film series was 

too advanced for their high school students; 

the other O per cent felt that the level of 

difficulty was about right. 
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Conclusions 

The following conclusions of the Oregon Physics 

Experiment are based upon evidence obtained from the 

participating schools during the school year of' 198-19S9: 

1. As indicated in the experimental design, not 

all outcomes of physics instruction wer 

measured. However, so far as the tests meas- 

ured these outcomes, secondary school physics 

courses taught primarily with the White Physics 

Films are as effective as courses taught in the 

more traditional lecture-demonstration manner. 

2. The White Physics Film Serles Contains lecture 

presentations and laboratory demonstrations 

that time and money limitations do not permit 

in the more typical classroom situation. 

3. According to the statistical analysis, Harvey 

White, as a teacher on film, is as effective 

as the average teacher in the classroom; how- 

ever, according to numerous teacher and stu- 

dent opinions, Harvey White, as a teacher on 

film, is superior to the average physics teacher 

in the classroom. 
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APPENDIY A 

Orientation Program 

August 28 & 29, l98 
Coliseum Building 
Oregon State College 

Corvallis, Oregon 

Thursday, August 28 

1:30 p.m. Introductory remarks -- Dr. Joseph I. Hall 
Director, Curriculum and Publications, State 
Department of Education 

l:L0 An approach to the use of White Physics Films -- 
Dr. Stanley E. Williamson, Head, Science Educa- 
tion, School of Education, Oregon State College 

The value of teacher's guides for the White 
Physics Films -- Dr. Curtis Reid, Head, Depart- 
ment of Visual Instruction, General Extension 
Division 

2:10 A preview of a film from the hite Physics 
Films -- Dr. Reid 

3:10 Recess 

3:30 The Oregon Physics Film Experiment -- Mr. E. 
Milton Grassell, School Specialist, Department 
of Visual Instruction 

a. General description of the Oregon 
Physics Experiment. 

b. Introduction and discussion of the 
measuring instruments used in the 
experiment. 

C. Methods for administering the measur- 
ing Instruments. 

d. Questions from the group. 
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Friday, August 29 

8:30 a.m. Care and splicing of motion picture film -- 
Mr. William C. Rush, Chief Technician, Depart- 
ment of Visual Instruction 

10:30 Motion picture projector operation -- Mr. Doiph 
Lain, Encyclopaedia Britannica Films, Inc., 
Portland, Oregon 

11:00 DistrIbution of the films -- Mr. Jack Goodman, 
Library Manager, Department of Visual Instruc- 
t Ion. 

12:00 Luncheon 

1:30 p.m. Preview of selected films and discussion -- staff 

Li.:30 End of meeting. 
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SEQUENCE OF WHITE PHYSICS FiLMS USED IN 1H EXPERIMENT 

Corvallis Eugene Willamette Silverton Stayton 

Introductory Lessons Sept. 10 Sept. 1 Sept. 18 Sept. 8 Sept. 11 

Special Lessons Sept. 16 Sept. 19 Sept. 2k Sept. 30 Oct. 3 

Mechanics Sept. 19 Sept. 2h Scpt. 29 Oct. 3 Oct. 8 

Properties of Matter Nov. 2h Dec. 1 Dec. L1 Dec. 10 Dec. l 

Heat Dec. 17 Dec. 22 jan. 6 Jan. 12 Jan. l 

Sound Jan. 19 Jan. 22 Jan. 27 Sept. 12 Sept. 17 

Optics Feb. t. Feb. 9 Feb. 12 April 28 May i 

Electricity and 
Magnetism March 2 March March 10 Feb. 2 Feb. 

Atomic Physics Aprii 13 Aprii 16 April 21 March 6 March 11 

Electronics April 27 April 30 May March 27 April 1 

Quantum Optics May 8 May 13 May 18 April 9 April 2) 

Nuclear Physics May l May 20 May 2 April 16 April 21 

*Balance of schools in the experiment continued on next page. 



APPENDIX B (Continued) 

SEQUENCE OF WHITE PHYSICS FILMS USED IN THE EXPERiMENT 

David 
Independence 1lwaukfe Douglas Reynolds 

Introductory Lessons Sept.. 16 Sept. 10 Sept. l Sept. 18 

Special Lessons Oct. 8 Oct. 13 Oct. 16 Oct. 21 

Mechanics Oct. 13 Oct. 16 Oct. 21 Oct. 2L 

Properties of Matter Dec. 18 Dec. 23 Jan. 7 Jan. 12 

Heat Jan. 20 Jan. 23 Jan. 28 Feb. 2 

Sound Sept. 22 April 29 May 1L May 19 

Optics May 6 Sept. 16 Sept. 19 Sept. 2L 

Electricity and 
Magnetism Feb. 9 Feb. 13 Feb. 15 Feb. 2 

Atomic Physics March 23 March 26 March 31 April 

Electronics April 6 April 9 April lt. Apiil 17 

Quantum Optics April 17 April 22 April 27 April 30 

Nuclear Physics April 2I April 29 May L May 7 

'j 
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APPENDIX C 

Physics Teachers Meeting 

Coliseum Building 
Oregon State College 

Corvallis, Oregon 

October Li., 1958 

9:00 a,m. Round table discussion on individual success 
with the White Physics Films to date -- Dr. 
Reid presiding. 

a. Student reaction to the film series 
b. Teacher reaction to the film series 
c. Special problems 
d. Other 

l0:l Recess 

10:30 Round table discussion on projection problems 
-- Dr. Reid presiding. 

a. Arrival of films 
b. Light control problems 
c. Other related items 

12:00 Luncheon 

1:30 p.m. Oregon Physics Film Experiment -- Mr. E. 
Milton Grassell, presiding. 

a. Summary of questionnaire material 
tabulated to date 

b. Summary of standardized test 
material corrected and tabulated 
to date 

C. Introduction and discussion of 
"during-the-year" unit tests to be 
used 

d. Questions and suggestions from the 
g r o up 

3:00 Selection of next meeting date and tentative 
top ! os. 

3:30 End of the meeting. 
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APPENDIX D 

Physics Teachers Meeting 

Coliseum Building 
Oregon State College 
Corvallis, Oregon 

December ó, l98 

9:00 a.m. Film Damage -- Mr. Jack Goodman, Film Library 
Manager, presiding. 

a. Causes 
b. Ho to repair the damage 

9:30 Round table discussion on the changes the 
teachers have made in using the White Films 
since the last meeting (October li) -- Dr. 
Curtis Reid, presidIng. 

a. Class preparation prior to each film 
b. Methods of follow-up after the film 

showing 
c. Projection techniques 
d. Other related items 

12:03 Luncheon 

1:30 p.m. Oregon Physics '<periment -- Mr. . Milton 
Grassell, presiding. 

a. SurTtnary of questionnaire and statis- 
tical data tabulated and analyzed 
to date. 

b. Discussion and suggestions administer- 
ing the "during-the--year" unit tests. 

C. Questions and suggestions from the 
group. 

3:00 Selection of the next meeting date and tenta- 
tive topics. 

3:30 End of the meeting. 
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APPENDIX E 

Physics Teachers Meeting 

Coliseum Building 
Oregon State College 
Corvallis, Oregon 

March 1L., l99 

9:00 a.m. Discussion of opinions and use of the White 
Films to date -- Dr. Reid, presiding. 

10:1 Recess 

l0:j'C) Does the film series have in-service value? 
-- Dr. Reid, presiding. 

12:00 Luncheon 

1:30 p.m. Oregon Physics Experinent -- Mr. E. Milton 
Grassell, presiding. 

a. Summary of tabulation and analyzing 
of questionnaire and test data to 
date 

b. Introduction and discussion of the 
end-of-the-year questionnaire and 
testing instruments. 

c. Questions and suggestions. 

3:00 End of the meeting. 
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APPENDIX F 

Student Questionnaire 

September 2, l9L 

Questionnaire #_______ 

Date: September , 198 

Control Group 

Experimental Group_______ 

Student.'s Name________________ School 
Age_ Year In Schoo1 3oph____ Jr____ Sr____ 

1. Place one check mark ( ) before each course you are 
taking. If you have already taken the course put the 
grade you received In the corresponding underscored 
space. 

_____Algebra _Geometry 
_____Biology ____General Science 
_____Chemistry _____Trigonometry 
_____Other Science or Math courses; Please list and 

give your grade If you have completed them. 

2. Please give your general opinion of tne science courses 
you !tave taken. Check each course according to your 
feelings: 

Excellent Good Fair Poor 

Algebra 
Biology 
Chemistry 
Ge orne try 
General Science 
Trigonometry 
Other 

3. Number the following reasons in rank (1, 2, 3, etc.) 
order for taking this course in physics. Let number i 

represent your first or primary reason for taking the 
course; let number 2 indicate your next best reason 
for taking this physics course, etc. 

Plan to attend college. 

Parent(s) suggested this course. 

A friend suggested this course. 
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A teacher influenced me. 

Physics Is necessary for the type of work 
for which I plan to prepare. 

List the science books that you have read and enjoyed 
most during the past year. Please do not list your 
school textbooks. 

. List the science magazines that you read regularly. 

6. Please use a check mark ( 

occupati on 

Manual work 

______ Mechanical work 

) to indicate your father's 

______ Agriculture, Marine, and Forestry ( includes 
farming, boat handling, naval defense, forestry, 
forest products, etc.) 

Service work (cooking, child care, personal 
service, etc.) 

_______ Clerical and Sales 

Professional, Managerial, Technical (this group 
includes legal, public service, medical, lit- 
erary, artistic work, etc.; supervising, co- 

ordinating; drafting, research, etc.) 



7. Please use a check mark ( ) to indicate your 
mother's occupation: 

_______ Hou sewif 

Manual work 

Mechanical work 

Agriculture, Marine, and Forcstry 

Service work 

Clerical and Sales 

Professional, Managerai, and Technical 

8. Inlicat In the proper space below your father and 
mother's formal education: 

Father Mother 

_____ Nd not complete elementary _____ 
school 

____ flid complete elementary ______ 
school 

_____ Had sonie work in high _______ 
school 

______ Completed high school ______ 

______ Had some college training 

___ Is a college graduate 

9. What do you plan to be doing ten years from now? 
Please e'plain: 
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End-of-Year Student Questionnaire 

June i, 199 

Stud2nt's Name: 

Name: 
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School:____________ 

1. What is your feeling toward having most of your 
physics instruction through films? 

I felt a lack of DersonaIattention. 
I did not feel a lack of personal attention. 

2. How would you evaluate this film method of instruction? 

pore effective than an avrage high school 
teacher could do. 
About the same in effectiveness as a high 
school physics teacher could do. 
Less effective than a high school physics 
teacher could do. 

:3. How would you "rate" Dr. Harvey 1hit. as an instructor 
in your class? 

Better than the average high school teacher. 
Equal to the averane high school teacher. - 
Not as effective as the average high school - 
teacher. 

14. What is your opinion about doing most of your 
laboratory work through observation (on film) rather 
than through actual experience in the high school 
laboratory? 

I feel I learned more through observing films. - 
I feel I learned as much from the films as I -. 
would have learned from more laboratory ex- 
pe rience. 
I feel I would have learned more through actual 
class laboratory experience. 
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. What is your feeling concerning the number of films 
that should be used for best results in your physics 
cias s? 

_______ About one 

_______ About one 

_______ About one - Less than 

film per day. 
film per week. 
film per month. 
one film per month. 

6. Look over the following Items. If any of these items 
disturbed you, please check the proper space to indi- 
cate your feelings. 

Disturbed Disturbed 
me a lot me some 

i. T cot.1d not 
as a ques- 
tion wh.n th 
film was go- 
ing. 

2. The content 
was too rigid 
or Inflexible 
because it was 
on film. 

3. Thc' films took 
most of our 
class time; 
therefore, 
little time re- 
mained for class 
discussion. 

4. Other 

Did not dis- 

turb me 

7. Do you feel the physics films had some rather unique 
instructional advantaqes and/or disadvantages? Please 
list your feelings under the appropriate column. 

Advantages Disadvantages 
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3. Please check the appropriate Llanks to indicate your 
occupational choice before completing your physics 
course. 

Occupational Choice 
Prior to Sept. l9 

_________ Manual Work 
__________ Mechanical Work 
__________ Agriculture, Marine, or 
-- Forestry 
__________ Service Work 
_________ Clerical and Sales 
________ Professional, Managerial & 

Technical 

9. Please check the appropriate blanks to indicate your 
occupational choice after completing your physics 
course. 

Occupational Choice 
At Present Time 

Manual Work 
- Mechanical Work 
________ Agriculture, Marine, or 

Forestry 
__________ Service ork 
__________ Clerical and Sales 
________ Professional, Managerial & 

Te c hn i ca 1 

10. Has this course inspired you to read more science lit- 
erature? Please check the proper blank or blanks. 

Many Some Few None 

Science Books 

Science Magazines 

Science Fiction 



133 

APPENDIX H 

Teachers' Questionnaire 

September 2, l95 

Teacher's name____________________ School_______________ 

PROFESSIAL BACKGROUND 

1. I have had years of secondary school teaching 
experience. 

2. I have had years experience teaching high school 
physics. 

3. Please circle the degree(s) you hold and list your 
majors and minors according to specific degrees in the 
blank spaces to the right. 

Major 

A.B. B.S. Other:_________________ 
M.A. M.S. M.E.Other:_________________ 
Ed.D. Ph.D. Other:________________ 

Minor 

j.. Please check the following courses that you have com- 
pleted on the college level and give the number of 
"quarter" hours: 

Hours 
Methods in Science Education 
A general Science Course, e.g. 
logical Science Survey" 
A general Science Course, e.g. 
ical Science Survey" 
Bacteriology 
B o t a ny 
Chemistry - 
Entomology 
Geology 
Mathematics 
Meteorology 
Photography 
Physics 
Zoology 
Other (specify) 

"Bio- 

"Phys- 
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II TEACHING ASSIGNMENT 

1. I teach (give number) physics classes this school 
year. 

2. There are a total of' students in my physics classes. 

3. Approximately % of' my time is assigned to teaching 
physics. 

h. Please list the per cent of your time assigned to 
teaching classes In other areas: 

Administrat ion 
Art 

Biological Sci. 
Chemistry 
Engi ish 

General Science 
Guidance 

Industrial Arts 
Librarian 
Mathematics 

Mu s I c 
___Physical 

L ducat ion 
Social Sci. 
Other; list 

III EQUIPMENT AND SUPPLIES 

1. Please rate the following equipment items in regard 
to their condition: 

Excellent Good Fair Poor 

Apparatus for 
teacher demonstration 

Pupil laboratory 
appa ra tus 

Laboratory furniture, e.g. 
desks, tables, etc. 

2. Please rate the following equipment items in regard 
to the extent of their availability: 

More than 
Adequate Adequate Inadequate 

Apparatus for 
teacher demonstration 

Pupil laboratory 
appa ra tus 
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than 
Adequate Adequate Inadequate 

Laboratory furniture, 
e.g. desks, tables, 
etc. 

3. Please rate the following items according to supplies: 

Supplies for students' 
laboratory work 

Supplies for teachers' 
demonstrations 

More than 
Adequate Adequate Inadequate 

IV GENERAL ITEMS 

1. State the time of the day your physics class(es) 
are held: 

2. In your opinion, does the time when the physics 
classes(es) are given jeopardize the effectiveness of 
the course: ____yes ____no. 

3. Do extra-curricular activities jeopardize your physics 
course In any way?___________________________________ 

i Has the recent emphasis upon science influenced a 
number of' students to take physics who are not "quali- 
fled" to take this course? Please comment:___________ 
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înd-of-Year Teachers Questionnaire 

June 1, l99 

Teacher's Name: 

Instructions: 

136 

School:___________ 

1. In regard to the level of difficulty, how do you feel 
about the White Physics Films? 

_____ Too advanced for my high school students. 
_____ About right. 

_____ Too easy. 

Comments: 

2. Prior to this year-long experiment, what degree of 
success do you fe1 you have had with educational 
motion pictures in the classes that you have taught? 

Good results; _____Average results; _____Poor results. 

Comments: 

3. What degree of success do you feel you had with the 
White Physics Film Series? 

Good results; ____Average results; ____Poor results. 

Comments: 
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ii. Did any of your students drop your physics course 
mainly because they did not like the film-a-day teach- 
ing procedure? If so, please list the number in the 
appropriate blanks: 

_____(Number) of Students with good or better ability. 
_____(Number) of Students with average ability. 
_____(Number) of Students with poor ability. 

Comments: 

. How helpful was this opportunity to see another 
physics teacher (Dr. h1te) perform? 

____Very helpful; ____Helpful; ____Of little value 
to me. 

6. In your judgment, how effective were these films? 

The students learned more from the filmed course 
than they could fro the average high school 
physics teacher. 

____The students learned about the same as they would 
have from the average high school physics teacher. 

____The students learned less than they would have 
from the average high school physics teacher. 

7. List the strong over-all feelings and reactions e- 
pressed by your students concerning these films: 

Pro Con 

t 

t 
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B. Please list your own over-all feelings about this 
filmed physics course: 

Pr__ Con 

t 

t 

I 

I 
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TERMAN-McNEMAR TEST OF MENTAL ABILITY 
By LEWIS M. TERMAN 

Stanford University, California 

and QUINN McNEMAR c 
Stanford University, California 

TEST: FORM C 

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

Date of birth ........................................................... . 
Month Day Year 

Age ...............Grade ............ Boy ..............Girl ............. . 

School ............................ ...... ... . ... . ....................... . 

City ............... . ... ...... .. . .... State .............................. . 

Teacher .................... . ........ Date. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TEsT ScoRE 

1 

2 

3 

4 

5 

6 

7 

TOTAL 

MA 

~-IQ_ _,___~ 

Study the examples below in order to see how the answer spaces should be marked to indicate the 
correct answers. 

1. Steel is made from 
1 lead 2 iron 3 tin 4 copper 5 zinc . ... . . .. .............. 1 

The correct answer, iron, is number 2, so the second answer space has been blackened. 
You mark the correct answers for the remaining samples in the same way. 

2. A horse always has 
6 rider 7 stable 8 shoes 9 hoofs 10 saddle. .• ;20 •• 0. 0 0 

+
3. A quart is one fourth of a 

1 gallon 2 pint 3 bushel 4 barrel 5 keg. ... .3• 0 0 •• 0. 0. 0 

In taking this test, you are first to decide which answer is correct, and then blacken· with a soft pencil 
the answer space which is numbered the same as your choice for the correct answer. Make your mark as 
long as the pair of lines, and move the pencil up and down firmly to make a heavy black line. If you 
change your mind, erase your first mark completely. 

Published by World Book Company, Yonkers-on-Hudson, New York, and Chicago, Illinois 
Copyright 1941 by World Book Company. Copyright in Great Britain. All rights reserved. TMcNTKA: o-23 

PRINTED IN U.S.A. 

w- This test is copyrighted The reproduction of any part of it by mimeograph, hectograph, or in any other 
way, whether the reproductions are sold or are furnished free for use, is a violation of the copyright law. 

1 2 8 4 6 

I :: 
:: n 

6 7 8 9 10 

:: 

1 2 3 ' 6 

if 
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TEST 7. BEST ANS~R 

Read each statement and mark the answer space which has the same number as the answer which you 
think is BEST. 

SAMPLE. We should not put a burning match in the wastebasket beca use 
1 Matches cost money. 2 We might need a match later. 1 2 3 4 

3 It might go out. 4 It might start a fire .. .. . ......... . .... . .. ·. .. .. .. . .. .. . I 

1. The saying, "Idle brains are the devil's workhouse," means 
1 The devil is lazy. 2 People who are idle get into trouble. 
3 Many hands make light work. 4 The devil works with his brains. . ..... . ... . .... 1 

2. The saying, "It's an ill wind that blows nobody good," means that 
5 Winds bring rain. 6 That which brings misfortune to some may help others. 
7 Trade winds help commerce. 8 It's easy to catch cold in a storm. . . . . . . . .. .. . ... 2 

3. Farmers rotate crop!? because + 
1 Variety is the spice of life. 2 It confuses the plant pests. 
3 It helps maintain soil fertility. 4 It gives the farmer a balanced diet ........ ... .. a 

4. The saying, "Little strokes fell great oaks, " mea ns 
5 Continued effort brings results. 6 Oak trees are weak. 
7 Little strokes are best. 8 Anyone can fell an oak. . . . . . . . . ..................... • 

5. The saying, "A miss is as good as a mile," means 7+ 
1 A girl can walk just about a mile. 2 Errors are unpardonable. 
3 The evil men do lives after them. 4 A failure is a failure, no matter how small. . .. 5 

6. The saying, " It never rains but it pours," means 
5 Salt stays dry when it rains. 6 Every cloud has a silver lining. 
7 Troubles . seldom come singly. 8 Storms are more frequent than showers. . ...... .6 

1. The cause of echoes is 
1 Static electricity in the air. 2 The reflection of sound waves. • 
3 The absence of anything in the air. 4 Not known . . . . ... .. .. . .. . . .. ....... . . . .. .1 

8. The saying, "Look before y0u leap," means 
5 Consider first, act afterward. 6 Trust your eyes, but not your feet. 
7 Anything is right which looks right. 8 Never take chances.... . .... . ....... . ... . s 

9. The saying, "Never ride a free horse to death,'' means 
1 Never accept free rides. 2 Never abuse privileges granted as favors. 
3 One should prize anything that is free. 4 A horse is to ride, not to kill . ... ... . ... . 9 

10. The saying, " If the shoe fits, wear it," means 
5 Be sure to buy shoes that fit. 6 Give the devil his due. 
7 Don't take unnecessary steps. 8 Recognize your own faults and virtues. . ...... .10 

11. Copper is used for electric wiring because 
1 It 'is decorative. 2 It is easily bent. 
3 It retains heat. 4 It is a good conductor. . .. . . . . . ...... . ... . .. ,.. . .. ... ...... . n 

12. The saying, "Don't cross your bridges till you come to them," means 
5 Where there's a will there's away. · 6 Everything comes to him who waits. 
7 Don't anticipate possible troubles. 8 Bridges are dangerous. . .. . .. ...... .. . . .. . 12 

2 3 

5 6 7 8 

2 3 4 

5 6 7 8 

2 3 

5 6 ., 8 

2 3 

5 6 7 8 

5 

2 

n 

6 

3 

1 8 

1 2 3 ' 

5 6 7 8 

5core ... .. . 
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TEST 1. INFORMATION 

Mark the answer space which has the same number as the word that makes the sentence TRUE. 

SAMPLE. Our first President was -~ 3 

1 Adams 2 Washington 3 Lincoln 4 Jefferson 5 Monroe .... I 

1. Polo is a kind of 2 :; 4 5 

1!1 disease 2 work 3 bear 4 game 5 Uinguage .. . ........... 1 

2. Herring is a kind of 6 7 8 9 10 

6 
3. The lyre was an early instrument used in 2 3 5 

wig 7 flower 8 pattern 9 jewel 10 fish ................. 2

•1 music 2 writing 3 mining 4 farming 5 sculpturing ....... 3 
4. Linen is made from 6 7 8 9 10 

6 hair 7 jute 8flax 9 rayon 10 latex . .... .... . .. . ........ 4 
6. Burlap is a kind of 1 2 3 4 5 

1 lumber 2 stone 3 hood 4 fabric 5 comedy . .. . .......... 5 
6. Quicksilver is another name for 6 7 8 9 10 

6 chromium 7 tin 8 mercury 9aluminum 10 lead ......... 6 

7. The number of pounds in a ton is 2 3 5 

1 (1000) 2 (2000) 3 (3000) 4 (4000) 5 (5280) ............. 7 

8. Chinchilla is a kind of 6 7 8 9 10 

6 fur 7 seasoning 8 chemical 9 malady 10 furniture ....... 8 
9. The fathom is a measure of 2 3 5 

1 weight 2 curvature 3 hardness 4 depth 5 strength ....... 9 
10. Larceny is a term used in • 6 7 8 9 10 

6 forestry 7 .medicine 8 theology 9 pedagogy 10 law ...... 1o .. 

1+ 
11. Napoleon's final defeat was at 1 2 5 

1 Waterloo 2 Paris 3 Verdun 4 Elba 5 Leipzig . ......... . n 
12. The dynamo produces 7 8 9 10 

6 dyuamite 7 powder 8 electricity 9 gas 10 steam ........ 12 
13. Pasteur was a {amous 1 2 3 4 5 

1 traveler 2 boxer 3 artist 4 bacteriologist 5 physicist . . ... 13 
14. The Pharaohs were kings of 6 7 8 9 10 

6 Babylon 7 Jerusalem 8 Syria 9 Greece 10 Egypt ....... 14 
16. Sonata is a term used in 2 3 4 5 

1 drawing 2 drama 3 music 4 poetry 5 phonetics ....... .. 15 
16. TB.e Colosseum was an 6 7 8 9 10 

6 amphitheater 7 aqueduct 8 aquarium 9 archway 10 army 16 

17. The larynx is in the 2 3 4 5 

1 abdomen 2 throat 3 head 4 ear 5 pelvis .............. . 11 

18. Among birds that migrate widely are 6 7 8 9 10 

6 eagles 7 cardinals 8 owls 9 robins 10 quail ............. 18 
19. Emeralds are usually 2 3 4 5 

1 red 2 yellow 3 green 4 purple 5 blue . .. ... .. .. ........ 19 
20. Sirloin is a cut of 6 7 8 9 10 

6 mutton 7 beef 8 veal 9lamb 10 pork .... . ...... . ..... 2o 
21. The head of a museum is called a 1 2 3 4 5 

1 musician 2 curator 3 mortician 4 pastor 5 collector . ... . 21

•22. A six-sided figure is called a 6 7 8 9 

6 pentagon 7 hexagon 8 sextet 9 helix 10 scholium ....... 22 
23. The bat is most closely related to the 1 2 3 4 5 

1 butterfly 2 swallow 3 owl 4 mouse 5 moth ...... .. .. .. .23 
24. A character in "David Copperfield" is 6 7 8 9 10 

. 6 Tiny Tim 7 Uriah Heep 8 Scrooge 9 Goliath 10 Damell24 
26. Quinine comes from 1 2 3 4 5 

1 leaves 2 roots 3 medicine 4 minerals 5 bark . .......... 2s 

Score . .. .. . 
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TEST 6. OPPOSITES 

Mark the answer space which has the same number as the word which is OPPOSITE, or most nearly 
opposite, in meaning to the beginning word of each line. 

1 2 3 4 5 

SAMPLE. north - 1 hot 2 east 3 west 4 down 5 south . . 0 .. .. I0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 

2 3 4 5 

1. exit 1 emit 2 transcend 3 entrance 4 origin 5 arrival 0 0 0 . 0 0 0 0 0 0 .1 n 
6 7 8 9 10 

2. amateur 6 novitiate 7 musical 8 professional 9 inventor 10 experience 2.. 2 3 4 5 

3. genuine 1 stolen 2 counterfeit 3 sincere 4 original 5 unworthy ..... 0 3 

6 7 8 9 10 

4. abundance 6 liberality 7 frugality 8 luxury 9 hunger 10 scarcity . 0 0 • • 0 o 4 .. .. 
2 3 4 5 

6. alert 1 illiterate 2 pert 3 sluggish 4 disabled 5 easy . 0 0 0 0 0. 0 0 0 0 o5 

6 7 8 9 10 

6. waste 6 refuse 7 conserve 8 devastate 9 dole 10 generate . 0 • 0 0 0 0 0 6 

1 2 3 4 5 

7. humiliated 1 honored 2 refreshed 3 satisfied 4 lively 5 arrogant . . 0 0 0 0 0 1 

6 7 8 9 10 

8. gravity 6 fragility 7 specificity 8 purity 9 constancy 10 levity 0 •• • 0 0. 8 

2 3 4 5 

9. limitation  1 explanation 2 encouragement 3 ability 4 freedom 5 speed 9 

6 7 8 9 10 

10. monotony 6 difficulty 7 diversion 8 harmony 9 repetition 10 variety . . 0 10 

6+ 
.. 

1 2 3 4 5 

11. obtuse 1 accessible 2 abstruse 3 acute 4 corpulent 5 agile . 0 0 0 0 0 0 on 

6 7 8 9 10 

12. expel 6 remain 7 propel 8 exile 9 retain 10 contract ... 0 0 0 0 0 0 0 0 0 12 .. 
1 2 3 4 5 

13. asset 1 bankruptcy 2 descent 3 misery 4 mortgage 5 liability 0 0 0 0 13 

6 7 10 

14. acid 6 alkaline 7 neutral 8 pepsin 9 briny 10 chemical .. 0 0 0 0 0 0 0 14 

1 2 3 4 5 

15. eccentric 1 particular 2 stupid 3 egocentric 4 ordinary 5 virtuous 0 0 0 o1 5 

6 7 8 9 10 

16. disperse 6 approve 7 remove 8 gather 9 spare 10 whisper . . 0 0 0 • 0 0 0 0 16 
0 0 

2 3 4 5 

17. 

18. 

wax-

blithe

1 pale 2 waive 3·shine 4 age 5 wane ... . . 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 11

•6 helpless 7 cheerless 8 stingy 9 lazy 10 slow. 0 0 0 0 • • 0 0 • • • 18 

6 7 8 9 10 

1 . 2 3 4 5 

19. active 1 past 2 careless 3 passive 4 pensive 5 dull ... 0 0 0 0 0 0. 0 0 0 o19 

6 7 8 9 10 

20. depress  6 press 7 elate 8 oppress 9 exhort 10 climb 0 0 0 0 0 . 0 0 0 0 0 0 0 020 

2 3 4 5 

21. concede  1 deny 2 recede 3 finesse 4 usurp 5 resign . 0 0 0 0 0 0 0 0 0 0 0 0 o2l 

6 7 8 9 10 

22. recline  6 succumb 7 stretch 8 erect 9 stand 10 decline 0 0 0 • 0 0 0 0 •• 22 .. .. 
1 2 3 4 5 

23. invincible  1 susceptible 2 weak 3 stubborn 4 visible 5 broken . .. 0 • • • 23 

6 7 8 9 10 

24. rash 6 prudent 7 worthy 8 smooth 9 irrational 10 stringent . 0 0 • • 24 

1 2 3 4 5 

26. defile 1 confess 2 file 3 excel . 4 purify 5 beautify . .. ... 0 0 • •• • ••• 25 
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TEST 2. SYNONYMS 

Mark the answer space which has the same number as the word which has the SAME or most nearly 
the same meaning as the beginning word of each line. 

1 2 3 4 6 

SAMPLE. correct- 1 neat 2 fair 3 right 4 poor 5 good . . . ..... . .... . . . . . .... . I 

1 2 3 4 5 

1. comic 1 clumsy 2 laughable 3 universal 4 tricky 5 peculiar ..... 1 .. 
6 7 8 9 10 . 

2. hazardous  6 adventurous 7 hard 8 annoying 9 speedy 10 dangerous 2 

1 2 3 4 5 

3. comfort 1 entreat 2 console 3 pity 4 anger 5 discourage ..... . ... 3 

6 7 8 9 10 

4. equip 6 decorate 7 establish 8 surround 9 load 10 furnish ..... 4 

2 3 4 5 

5. 

6. 

introductory-

writhe

1 social 

6 squeal 

2 advisory 

7 twist 

3 transitory 

8 split 9 hurt 

4 preliminary 5 internal . . 5

•10 crawl ............. .. . 6 

6 7 9 10 

1 2 3 4 5 

7. trivial 1 amusing 2 rare 3 unimportant 4 detailed 5 uneven ..... 7 

6 7 8 9 10 

8. evade 6 vacate 7 invade 8 shun 9 hide 10 desist .. ... ... ..... .8 

1 2 3 4 5 

9. denounce  1 beguile 2 detest 3 inform 4 discover 5 condemn .... . .. 9 

6 7 8 9 10 

10. opposed 6 censored 7 adverse 8 involved 9 oppressed 10 morose .. 1o 

2+ 
1 2 3 4 5 

11. counsel 1 quarrel 2 yield 3 advise 4 assemble 5 represent ...... n 
6 7 8 9 10 

12. abhor 6 detest 7 fear 8 avoid 9 defy 10 disgust . ........... : . 12 

2 3 4 5 

13. depict 1 vanish 2 slump 3 portray 4 edit 5 fabricate . ... . .. . .. . 13 

6 7 8 9 10 

14. expel 6 repel 7 eject 8 injure 9 expend 10 depart ......... . .. 14 

1 2 3 '4 5 

15. encumbrance  1 contrivance 2 memory 3 burden 4 saddle 5 prison . .... 15 

6 7 8 9 10 

16. docile 6 facile 7 cozy 8 agile 9 submissive 10 intractable .. . . . . 16 

2 3 4 5 

17. quell 1 inquire 2 dispel 3 instill 4 quest 5 subdue .... . .. .. . .. 11 

6 7 8 9 10 

18. 

19. 

abandon 

jubilant

6 flee 7 escape 8 refuse 9 forsake 10 refrain .. . .... ... . 18

•1 exultant 2 judicious 3 playful 4 pleasant 5 jeweled . . .. 19 

1 2 3 4 5 

6 7 8 9 10 

20. hoax 6 danger 7 deception 8 persuasion 9 revelation 10 mischief 20 

2 3 4 5 

21. curdle 1 coagulate 2 spoil 3 snuggle 4 condense 5 chum ..... .. 21 

6 7 8 9 10 

22. reverence  6 revenge 7 relevance 8 obedience 9 veneration 10 mercy 22 .. .. .. 
1 2 3 4 5 

23. incite 1 instigate 2 revolt 3 announce 4 disrupt 5 consume .... 23 

6 7 8 9 10 

24. boldness  6 hypocrisy 7 ferocity 8 audacity 9 frankness 10 confidence 24 

1 2 3 4 5 

26. appease  1 praise 2 pique 3 entice 4 gladden 5 placate . .. . ... . ... 25 

Score . . .. . . 
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TEST 5. ANALOGIES 
Study the samples carefully. 

Hat is to head as shoe is to 

Ear is to hear as eye is to 
1 cry 2 glasses 

SAMPLES. 

6 arm 7 leg 

3 spy 

8 foot 

4wink ~see ...................... . 

9 fit 10 glove ........................ . 
6 

2 

7 

3 

8 

I 
9 

5 

I 
10 

DO THEM ALL LIKE THE SAMPLES. 

1. Zoo is to animals as aquari urn is to 1 2 3 4 5 

1 birds 2 fish 3 bees 4 statues 5 butterflies ............... 1 

2. Linoleum is to floor as sheet is to 6 7 8 9 10 

6 cotton 7 piano 8 blanket 9 linen 10 bed .. .............. 2 

3. Food is to hunger as water is to 1 2 3 4 5 

1 desert 2 thirst 3 quench 4 drink 5 milk ................ 3 .. 
4. Add is to subtract as multiply is to 6 7 8 9 10 

6 arithmetic 7 increase 8 fraction 9 add 10 divide ......... 4 

6. Stone is to marble as wood is to + 1 2 3 4 5 

1 brick 2 soft 3 cut 4 oak 5 pile ........................ 5 

6. Abide is to depart as stay is to 6 7 8 9 10 

6 play 7 leave 8 away 9 over 10 home ....... .. ......... 6 .. 
7. Author is to book as artist is to 2 3 4 5 

1 painter 2 brush 3 picture 4 easel · 5 paint : .... .. : ........ 1 

8. You is to yours as me is to 6 7 8 9 10 

6 his 7 ours 8 mine 9 theirs 10 my ..... ......... ....... . 8 

9. Singing is to opera as dancing. is to 1 2 3 4 5 

1 masquerade 2 orchestra 3 movie 4 drama 5 ballet ....... 9 

10. Shell is to nut as skin is to 6 7 8 9 10 

6 hull 7 animal 8 white 9 soft 10 cover ................. 1o 

5+ 
11. Cub is to bear as gosling is to 2 3 4 5 

1 fox 2 grouse 3 goose 4 rabbit 5 duck ........ ·.......... n 

12. Liberty is to freedom as bondage is to 6 7 8 9 10 

6 slavery 7 free 8 suffer 9 serf 10 revolution ............. 12 

13. Imitate is to copy as invent is to . 2 3 4 5 

1 inventory 2 copyright 3 originate 4 machine 5 patent .... 13 

14. 1 is to 3 as 9 is to 6 7 8 9 10 

6 (18) 7 (27) 8 (36) 9 (45) 10 (81) ...................... 14 

15. Complex is to simple as hard is to 2 3 4 5 

1 tough 2 work 3 easy 4 smooth 5 brittle ................ 15 

16. Tree is to forest as person is to + 6 7 8 9 10 

6 women 7 couple 8 human 9 crowd 10 men . .. .......... 16 

17. City is to mayor as army is to 1 2 3 4 5 

1 soldier 2 navy 3 private 4 admiral 5 geReral . . . . . . . . . . . 11 :·: 

18. Wolf is to sheep as cat is to 6 7 8 9 10 

6 milk 7 fur 8 kitten 9 mouse 10 dog ................... 18 

1 2 3 4 519. % is to H as 28 is to 
1 (7) 2 (14) 3 (33) 4 (34) 5 (43) . ............ ... ........ 19 

20. Hog is to bristles as snake is to 6 7 8 9 10 

6 fangs 7 scales 8 venom 9 coil 10 rattle ........ : . ...... 20 

21. Seldom is to never as little is to 2 3 5 

1 none 2 neither 3 small 4 often 5 large .... ·............ 21 

22. Day is to 365 as week is to 6 7 8 9 10 

6 (7) 7 (31) 8 (48) 9 (52) 10 (60) ... .................... 22 

2 523. Corrupt is to depraved as sacred is to 3 4 

1 hallowed 2 Sunday 3 depressed 4 Bible 5 prayer ....... 23 

24. Square is to cube as circle is to 6 7 8 9 10 

6 round 7 circumference 8 sphere 9 dice 10 line ......... 24 

1 2 3 4 525. Thermometer is to temperature as metronome is to 
1 intensity 2 weight 3 distance 4 pressure 5 time ......... 25 
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TEST 3. LOGICAL SELECTION 

Mark the answer space which has the same number as the word which tells what the thing ALWAYS 
has or ALWAYS involves. 

SAMPLE. A cat always has 1 2 3 6 

1 kittens 2 spots 3 milk 4 mouse 5 hair .............. . .. . I 

1. An orchestra always has 1 2 3 4 5 

1 violinists 2 piano 3 musicians 4 saxophone 5 singers ..... 1 

2. A museum always has 6 7 8 9 10 

6 visitors 7 minerals 8 collections 9 guides 10 paintings ... .2 . ..~ 

3. School always involves 1 2 3 4 5 

1 children 2 students 3 arithmetic 4 geography 5 sports . . .. a .. 
4. A box always has 6 7 8 9 10 

6 contents 7 wood 8 lid 9 hinge 10 depth ........... .. . .. . 4 

6. Contentment always involves 1 2 3 4 5 

1 devotion 2 position 3 satisfaction 4 elation 5 recognition :; .. .. 
6. A newspaper always has 6 7 8 9 1() 

6 pictures 7 editor 8 puzzles 9 fiction 10 cartoons . .... . .... 6 

7. A wheel always has 2 3 4 

1 circumference 2 spokes 3 tire 4 wood 5 metal ......... .1 

8. A policeman always has 6 7 8 9 

6 club 7 cap 8 beat 9 uniform 10 authority .. . .. , . .... . ... •s 
9. A nation always has 2 3 4 5 

1 states 2 colonies 3 seaports 4 laws · 5 navy .. ............ 9 

10. Night always has . 6 7 8 9 10 

6 stillness 7 moon 8 clouds 9 ghosts 10 hours ... . ....... . 1o 

3+
11. A ship always has 2 3 

1 engine 2 guns 3 hull 4 passengers 5 freight .......... . . n 
12. A message always involves 6 8 9 10 

6 telepathy 7 messenger 8 speech 9 communication 10 writing 12 

13. Discipline always involves 2 3 4 5 

1 revenge 2 anger 3 morale 4 whipping 5 training . · ....... 1a 

14. A bottle always has 6 7 8 9 Ul 

6 hollowness 7 label 8 cork 9 glass 10 transparency ...... 14 .. 
15. Anxiety always involves 1 2 3 4 6 

1 awe 2 grief 3 insomnia 4 uneasiness 5 discouragement .. 15 .. 
16. Compromise always involves 6 7 8 9 10 

6 respect 7 friendship 8 adjustment r 9 law 10 violation .... 16 

17. An heir always has 2 3 4 

1 money 2 lawyer 3 heirlooms 4 property 5 predecessor . ... •11 

18. An invention always involves 6 7 8 9 10 

6 usefulness 7 originality 8 patent 9 value 10 imitation .... 1s 

19. A dance always has 2 3 4 

1 music 2 partners 3 rhythm. 4 audience 5 costume ....... 19 

20. A debt always involves 6 7 8 9 10 

6 interest 7 creditor 8 mortgage 9 payment 10 worry ...... 20 

21. Rebuke always involves 1 2 3 4 5 

1 criticism 2 help 3 resignation 4 postponement 5 despair . . 21 

22. Admiration always involves 6 7 8 9 10 

6 affirmation 7 generosity 8 flattery 9 esteem 10 love ... . . 22 

23. Annihilation always involves 1 2 3 4 6 

1 surprise 2 destruction 3 pain 4 punishment 5 vengeance 2a 

24. Abhorrence always involves 6 7 8 9 10 

6 aversion 7 rage 8 fear 9 i,rreverence 10 nausea ...... . .. 24 

25. Ostentation always involves 1 2 3 4 5 

1 simplicity 2 modesty 3 wealth 4 display 5 perfection .... 25 

Score ..... . 
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TEST 4. CLASSIFICATION 
In each line below, four of the words belong together. Pick out the ONE WORD w~ich does not 

belong with the others; and mark the answer space bearing its number. 

1 dog 2 cat 3 horse 4 chicken 5 cow ........................... . 
1 2 3 4 

I 
5 

SAMPLES. 

6 hop 7 run 8 stand 9 skip 10 walk ............................. . 
6 7 8 

I 
9 10 

1 2 3 4 5 

1. 1 Catholic 2 Methodist 3 Presbyterian 4 Republican 5 Baptist .......... 1 

6 7 8 10 

2. 6 damp · 7 wet 8 moist 9 soggy 10 soft ................................ 2 

1 2 3 4 5 

3. 1 telegraph 2 train 3 automobile 4 bicycle 5 boat ........... < •••••••••• 3 

6 7 8 9 10 

4. 6 often 7 seldom 8 safely 9 always 10 rarely .............. ............ 4 

1 2 3 4 5 

6. 1 oats 2 rye 3 wheat 4 clover 5 barley ............................... 5 

6 7 8 9 10 

6. 6 cello 7 harp 8drum 9 violin 10 guitar ........................... , .. o 
1 2 3 4 5 

7. 1 Scottie 2 Holstein 3 Collie 4 Shepherd 5 Spitz ............. ......... 1 H 

8. 
+ 

6 digestion 7 smell 8 sight 9 hearing 10 taste ........ . ........ ........ 8 

6 7 8 9 10 

1 2 3 4 5 

9. 1 pepper 2 cinnamon 3 nutmeg 4 pickle 5 mustard ................. .. 9 

6 7 8 9 10 

10. 6 chapel 7 temple 8 tabernacle 9 cathedral 10 casino ................. 10 

4+ 
1 2 3 4 5 

11. 1 reason 2 pity 3 joy 4 anger 5 fear ................................. 11 

6 7 8 9 IQ 

12. 6 arithmetic 7 geometry 8 history 9 trigonometry 10 algebra ........... 12 

1 2 3 4 & i 
13. 1 mosquito 2 ladybug 3 gnat 4 snail 5 beetle ........................ 13 ~' 

7 8 9 lOt 

14. 6 grosbeak 7 swallow 8 oriole 9lark 10 gazelle ...................... 14 

3 ' 4 5 

16. 1 nail 2 brad 3 awl 4 staple 5 tack .......................... : . ....... 15 

7 8 9 10 

16. 6 large 7 tall 8 high 9 short 10 low ... ..... .............. ............. 1o 
1 2 3 4 5 

17. 1 priest 2 organist 3 minister 4 rabbi 5 bishop ......... ....... .. ..... 11 
:;: 

• 6 7 8 9 10 

18. 6 devotion 7 adoration 8 reverence 9 avarice 10 admiration .......... .. 18 .. 
1 2 3 4 5 

19. 1 pine 2 fir 3 maple 4 cedar 5 spruce ............................ ·... 19 

6 7 8 9 10 

20. 6 Christ 7 Caesar 8 Moses 9 Mohammed 10 Confucius ................ 20 

2 3 4 5 

21. 

22. 

1 hither 2 recent 3 whence 4 near by 5 down ........................ 21 

•6 lead 7 brass 8 iron 9 tin 10 copper ....... . ....................... .22 

6 7 8 9 10 

1 2 3 4 5 

23. 1 verdict 2 testimony 3 subpoena 4 court 5 evidence .................. 2a 

6 7 8 9 10 

24. 6 inherit 7 lend 8 beg 9 borrow 10 earn ... ... ....................... 24 

1 2 3 4 5 

26. 1 moreover 2 besides 3 also 4 furthermore 5 however .. ........ ... .... 25 

Score . . .. _... r• 
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(6) Scientific Aptitude • form A 

Aptitude Tests for Occupations 
D EV I S ED BY W ESL EY S. R0 ED ER 

Do not write on this booklet unless told to do so by the examiner. Do not 
turn this page until asked to do so. 

Occupation Sex 
Name.·--·-·-··-···----·· ·-·· ··········------- ---··-··· ----·----·----- ---------· --·-----------------·-- ------·--- -- ·or Grade --- --- --- -------·--·---·-·---------·-···M-F 

la st First Middle 

School or Date of 
Organization __ _________ __ ______ __ ______________ ___________________________ City________ ____ __________________ Test_________ ----------------------·-------- ----- ______ ___ 

Month Day Yea r 

Date of 
Exa miner___ _______________________ ·-- -- _______ (____________________ ) Examinee's Age._________ -- ·--Birth ________________ __ __ --·--·--------····---·-··---··-·--

Month Da y Yet1r 

INSTRUCTIONS TO EXAMINEES: 

This test is designed to measure ability to do several types of reasoning such as, recognition of likenesses 
and differences, drawing conclusions, and thinking when drawings are part of a problem. Specific directions 
are provided for each test. The following problem, 0, is a sample: 

Directions: Ma rk the letter of the item w hi ch is di fferen t from th e oth er three. 

0. a. lamp 
b. wick 
c. sun 
d. moon 

DIRECTIONS FOR MARKING ANSWERS 

MARKING ON ANSWER SHEETS 

Make a heavy black mark under the letter of the 
correct answer as shown below. The correct 
answer for Sample 0 above is b. This is the way 
to mark it: 

a b c d 

0 I .. 
Find answer row number 256 on your answer sheet. 
Now wait until the examiner tells you to begin. 

MARKING ON TEST BOOKLETS 

Draw a circle around the letter of the correct 
answer for each test item. The correct answer 
for Sample 0 above is b. Therefore, a circle 
should be drawn around the b. Do it now. 

Now wait until the examiner tells you to open your 
test booklet. 

You will have 20 minutes to complete this test. Go right on from one page to another until the examiner 
tells you to stop. Work as fast as you can without making mistakes. Open your test booklet to item 
number 256. Ready, begin. 
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SECTION I. 

Directions: For each of the following test problems, 
mark, as you have just been told, the letter of the 
item which is different from the other three. 

256. a. scraper 

b. plane 

c. gouge 

d. nail 

257. e. 1345 

f. 3576 
g. 1354 
h. 5798 

258. 

0•• 

D • 0D • 
a b c d 

259. e. cigarette 

f. chewing tobacco 

g. chewing gum 

h. cigar 

260. a. chair 

b. dining table 

c. milking stool 

d. coffee table 

261. 

Directions: For each of the next three test problems, 
mark, as you have just been told , the letter of the 
ONE answer you believe to be correct. 

262. Four Army pilots are flying in different 
planes, at different heights. 

Lt. Frank is higher than Lt. Hall. 

Lt. Roberts is higher than Lt. Frank. 

Lt. Thomas is lower than Lt. Roberts. 

Therefore 

a. Lt. Hall is the lowest of the four. 

b. Lt. Thomas is the lowest of the four. 

c. Lt. Roberts is lower than Lt. Hall. 

d. N one of the above answ ers is correct . 

263. Tula is situated to the east of Balfa. 

Balfa is situated to the east of Prolov. 

Therefore 

e. Prolov is situated to the east of Balfa. 

f. Tula is situated to the east of Prolov. 

g . Prolov is nearer to Tula than Balfa. 

h. None of the above answer s is correct . 

264. Betty is younger than Arthur. 

Marvin is younger than Marilyn. 

Marilyn is Arthur's older sister. 

Therefore 

a. Marvin is younger than Betty. 

b. Betty is younger than Marilyn. 

c. Marvin has lived longer than Marilyn. 

d. N one of the above answers is correct. 

Number Right ............ ·-····· Wrong .................. . 
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SECTION II. 

DRAWING CONCLUSIONS FROM DATA 

You are a scientist and you are trying to develop 
a vaccine for tuberculosis so that the vaccine might 
be administered to children suffering from tuber
culosis. After many attempts you believe that you 
have succeeded although you have not tested your 
discovery as yet. There are nine steps you would 
have to take in order to perform this experiment 
correctly. 

Directions: From the four statements listed in the 
first group below (item 265), select the first cor
rect step and mark its letter just as you have been 
told. Then, from the second group (item 266), 
select the second step and mark its letter. Con
tinue in this way with each group in turn until 
you have selected the nine necessary steps. 

265. e. Make arrangements with a hospital to ad
minister your vaccine to children with 
tuberculosis. 

f. Sell your method of making tuberculosis 
vaccine to some large company. 

g. Secure a group of animals suffering from 
tuberculosis. 

h. Produce your vaccine in commercial 
quantities. 

266. a . Secure a group of animals suffering from 
tuberculosis. 

b. Administer the vaccine to half the children. 

c. Make arrangements with a hospital to ad
minister your vaccine to children with 
tuberculosis. 

d. Separate the animals into two groups. 

267. e. Feed and house both groups of animals in 
the same way. 

f. Divide the children into two groups. 

g . Compare the children after a suitable 
period. 

h. Produce your vaccine in commercial 
quantities. 

268. a. Administer the vaccme to one group of 
animals. 

b. Secure a group of animals suffering from 
tuberculosis. 

c. Feed and house both groups of animals in 
the same way. 

d. Compare the children after a suitable period. 

269. e. Make arrangements with a hospital to ad
minister the vaccine to children with 
tuberculosis. 

f. Divide the children into two groups. 

g . Compare the two groups of animals after a 
suitable period. 

h. Feed and house both groups of animals in 
the same way. · 

270. a. Make arrangements with a hospital to ad
minister your vaccine to children with 
tuberculosis. 

b. Sell your method of making tuberculosis 
vaccine to some large company. 

c. Divide the children into two groups. 
d. Compare the two groups of animals after a 

suitable period. 

271. e. Divide the children into two groups. 

f. Separate the animals into two groups. 
g. Administer the vaccine to one group of 

animals. 
h. Compare the two groups of animals after a 

suitable period. 

272. a. Sell your method of making tuberculosis 
vaccine to some large company. 

b. Produce your vaccine in commercial 
quantities. 

c. Compare the children after a suitable period. 

d. Administer your vaccine to half of the 
children. 

273. e. Divide the children into two groups. 
f. Administer the vaccine to half of the 

children. 
g. Compare the two groups of animals after a 

suitable period. 
h. Compare the children after a suitable 

period. 

Number Right.................... Wrong____________ ______ 
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Directions: Mark, as you have been told, the letter 
of the ONE answer which you believe to be cor
rect. 

274. Which has the greater volume, one cubic inch 
of gold, or one cubic inch of balsa wood? 

a. one cubic inch of gold. 

b. both have the same volume. 

c. one cubic inch of balsa wood. 

d. one cubic inch of gold has twice the 
volume of a cubic inch of balsa wood. 

275. A submerged submarine is able to rise to the 
surface because 

e. fresh water is lighter than salt water. 

f. compressed air is denser than salt water. 

g. compressed air is used to force water out 
of its flooded compartments. 

h. the pores of the steel plates close when 
compressed air comes in contact with them. 

276. A loaded tanker coming into salt water from 
fresh water 

a. rises slightly in the water. 

b. sinks slightly in the water. 

c. does not change its position in the water. 

d. rises a great deal in the water. 

277. The path of a shell fired from a gun at a 
distant target is 

e. curved. 

f. horizontal. 

g. a straight line. 

h. vertical. 

278. Pressure upon a confined liquid is transmitted 

a. downward only. 

b. upward only. 

c. in all directions. 

d. sideways only. 

279. Superchargers are used to supply airplane 
engines with more 

e. gasoline. 

f. electricity. 

g. oxygen. 

h. water. 

280. Evaporation of a "liquid takes place 

a. throughout the liquid. 

b. from its surface. 

c. from the sides of the containing vessel. 

d. from the bottom. 

Number Right .................... Wrong................... . 
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Directions: Read the following paragraph carefully. 
Then, for each of the test items in the next column, 
mark, as you have been told, the letter of the ONE 
answer which you believe to be correct. (Your 
problem is to reach the conclusion which properly, 
logically, and necessarily follows from the infor
mation given.) 

The electroencephalograph or EEG has become 
firmly established as a clinical instrument in the 
diagnosis of various neuropsychiatric conditions. 
The EEG apparatus has several independent chan
nels which record simultaneously from different 
portions of the brain. After the electrodes are ap
plied, and before the actual recording from the 
patient's reactions is started, the machine is cali
brated. Calibration consists of throwing a known 
amount of electricity, usually 50 microvolts, through 
the machine and observing the pen deflections caused 
by it on the moving paper. In order to function in 
such a way as to produce a true record the amount 
of deflection and the degree of pointedness at the 
optimal swing of the pens must be equal on all six 
channels. After calibration adjustments are made 
the actual recording from the patient begins. The 
record appears in the form of waves. The waves 
are commonly classified according to their amplitude 
and frequency. The "alpha" wave of moderate 
amplitude and a usual frequency of from 8 to 12 
waves per second is the common normal pattern. 
Low amplitude and high frequency (above 15 per 
second) are called "beta" waves. Beta waves ap
pear to some extent in many records. Only when 
a large percentage of these waves appear may they 
be called diagnostically important. The most ab
normal wave is called the "delta" wave. It ap
pears with an extremely high amplitude range and 
a frequency pattern of less than 5 per second. 
Variations of the "delta" wave indicate the presence 
of many different pathological conditions. The 
EEG has been of greatest value in the diagnosis of 
epilepsy. The EEG may be of clinical assistance 
where there is a past history of severe head injury, 
fractured skull, prolonged periods of unconscious
ness, organi c feeble -mindedness, and a wide varietv of 
other conditions. However, in cases of psychopathic 
personality, results as yet have not been too sig
nificant. The EEG is not infallible. It presents 
but one aspect of the total diagnostic picture. It 
is a laboratory procedure and should be considered 
as a supplement to, and by no means a substitute 
for, clinical judgment. Just as the presence of 
albumin in the urine indicates some disturbance of 
physiological function in the genito-urinary tract, 
so an abnormal EEG indicates a dysrhythmia in 
the electrical discharges of the brain. The ap
pearance of definite diagnostic signs results in the 
records being classed as abnormal. If the ab
normalities are minimal and isolated, the record is 
considered to be within normal limits and not sig
nificant. Such records are classed as borderline, 
and for all practical purposes they can be con
sidered negative. 

281. Variations of a wave pattern of high amplitude 
and low frequency suggest the presence of 

e. normal brain functioning. 

f. organic feeble-mindedness. 

g. a variety of different pathological con
ditions. 

h. epilepsy. 

282. Calibration refers to 

a. the application of the electrode. 

b. checking the equality of pen deflections. 

c. classifying the record as to the prevailing 
wave form. 

d. "alpha" wave forms. 

283. While the EEG has diagnostic value in a 
number of different pathological conditions, 
its greatest value has been in the diagnosis of 

e. headaches. 

f. psychopathic behavior. 

g. severe head injury. 

h. epilepsy. 

284. The value of a borderline EEG record is 

a. diagnostically sound. 

b. negative. 

c. its use as a substitute for clinical judgment. 

d. its use for the diagnosis of psychopathy. 

285. A wave pattern of low amplitude and a 
quency of 25 per second is called 

e. alpha. 

f. beta. 

g. gamma. 

h. delta. 

fre

Number Right .. .................. Wrong .................. . 
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SECTION III. 

Directions: Read carefully the axioms or rules be
low, and use only these to aid you in solving the 
following problems. No others may be supplied. 
Mark, as you have been told, the letter of the 
answer you believe to be correct. 

1. The sum of the whole is equal to the whole of 
the parts. 

2. The area of a square is equal to one side multi
plied by the other side. 

3. The volume of a cube is equal to the length, times 
width , times height. 

4. The three angles of a triangle are equal to 180 
degrees. 

5. In an equilateral triangle the three angles are 
equal. 

6. In an equilateral triangle the three sides are 
equal. 

7. A straight line is the shortest distance between 
two points. 

8. If two sides of a triangle are equal the angles 
opposite those sides are equal. 

9. A line dividing any angle of an equilateral tri
angle into two equal angles, also divides the 
opposite side into two equal parts. 

PROBLEMS 

286. Angle A = 25 degrees 

Angle C = 25 degrees 

Angle B = ? 

a. impossible to solve 

b. 40 degrees 

c. 130 degrees 

d . 100 degrees 

287. 

Angle A = 60 degrees 

Angle B = 60 degrees
B 

Line AB = 2 inches 

Line BC + Line CA = ? 

e. 6 inches 

f. 4 inches 

g. impossible to solve 

h . 2 inches 

288. 

2" 
Volume of Parallele)>iped 

a. 12 cubic inches 

b. impossible to solve 

c. 6 cubic inches 

d. 24 cubic inches 

289. 

Angle A = 60 degrees 

Angle B = 30 degrees 

Angle C = 30 degrees 

Line ED = 1 inch 

LineAE= ? 

e. impossible to solve 

f. 2 inches 

g. 1 inch 

h . 1% inches 

290. 

Line AB 1 inch 

Angle h 90 degrees 

~ Angle g 65 degrees 
F~C LineAE = ? 

E D a. 1% inches 

b. 2 inches 

c. impossible to solve 

d. 1 inch 

Number Right .................... Wrong .... ............... . 
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SECTION IV 

Directions: Mark, as you have been tofd, the letter 
T for every statement you believe to be true; 
mark the letter F for every statement you believe 
to be false. 

Previous studies on normal subjects and patients 
with peptic ulcers have shown that day-to-day life 
situations that provoked certain patterns of emo
tional reaction, induced hypersecretion in the 
stomach comparable to that resulting from pro
longed absorption of histamine, vagus stimulation, 
and sham feeding. During periods of experimental
ly induced anxiety, hostility, and resentment, a rise 
in acidity and increased contractions has been found 
in the stomachs of all patients suffering from ulcer 
and in many normal subjects. Moreover, it has 
been possible to reverse this process and cause a 
decrease in acidity and motility by inducing in these 
patients feelings of contentment and well-being. 
In these patients, a history of prolonged emotional 
turmoil involving mainly conflict together with 
anxiety, guilt, hostility, and resentment has been 
found. Apparently the natural history of peptic 
ulcers in human beings involves a chain of events 
beginning with anxiety and conflicts and the 
associated overactivity of the stomach and ending 
with hemorrhage or perforation. 

291. Stomach hyperacidity results from emotional 
experience of daily life. 

T F 

292. All people who are continually under emo
tional strain manifested by strong feelings of 
resentment have ulcers. 

T F 

293. Stomach hyperacidity results from emotional 
turmoil, the predominant feature of which 1s 
conflict. 

T F 

294. Because of the mind-body interrelation of 
the causative mechanism, patients suffering 
from peptic ulcers can be benefited by psychi
atric treatment which gives them feelings of 
contentment. 

T F 

295. A rise in acidity can be caused by inducing 
in patients a feeling of contentment. 

T F 

296. Symbols are used to abbreviate the names of 
all the known chemical elements. If two or more 
elements are combined, they are expressed as a 
chemical formula. Few elements combine in the 
same proportions. In the compound magnesium 
chloride (MgCl2 ), one part magnesium (Mg) com
bines with two parts of chlorine (Cl). Potassium 
chloroplatinate is composed of two parts of potas
sium (K), six parts of chlorine (Cl), and one part 
of platinum (Pt). 

Mark, as you have been told, the letter of the 
1 correct formula for potassium chloroplatinate. 

a. Pt.2 K Cl6 b. K 2 Pt6 Cl 

c. K 2 Cl6 Pt d. K2 Cl3 Pt 

Directions: For each of the following test problems 
mark the letter of the item which is different from 
the other three. 

297. e. Boxer 

f. Wrestler 

g. Football Player 

h. Baseball Player 

298. a. Cornstalk 

b. Wheat 

c. Rye 

d. Lily 

299. e. 59 

f. 19 

g. 35 
h. 13 

Directions: Mark the letter of the answer you be
lieve to be correct. 

300. Friction is a hindrance 

a. in the bearings of machinery. 

b. in grinding and abrasive wheels. 

c. between the wheels of a locomotive and 
the track in starting a train. 

d. in starting and stopping automobiles. 

Number Right ................ Wrong ............... . 
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General Directions 

This is a test of some of the understandings, skills, and abilities you have been de
veloping ever since you first entered school. You should take the test in the same 
way that you would work on any new and interesting assignment. Here are a few 
suggestions which will help you to earn your best score: 

1. Make sure you understand the test directions before you begin working. You 
may ask questions about any part of the directions you do not understand. 

2. You will make your best score by answering every question because your score is 
the number of correct answers you mark. Therefore, you should work carefully 
but not spend too much time on any one question. If a question seems to be 
too difficult, make the most careful guess you can, rather than waste time puz
zling over it. · 

3. If you finish before time is called, go back and spend more time on those ques
tions about which you were most doubtful. 
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DIRECTIONS FOR PART ONE 

Each of the questions or incomplete statements in this 
test is followed by four suggested answers. You are to 
decide which one of these answers you should choose. 

You must mark all of your answers on the separate an
swer sheet you have been given; this test booklet should 
not be marked in any way. You must mark your an
swer sheet by blackening the space having the same 
letter as the answer you have chosen. For example: 

0 Which one of the following is an animal?· 
A Bed 
B Dog 
C Chair 
D Box 

Since a dog is an animal, you should choose the an
swer lettered B. On your answer sheet, you would first 
find the row of spaces numbered the same as the ques
tion-in the example above , it is 0 . Then you would 
blacken the space in this row which has the same letter 
as the answer you have chosen. See how the example 
has been marked on your answer sheet. 

Make your answer marks heavy and black. Mark only 
one answer for each question. Ifyou change your mind 
about an answer, be sure to erase the first mark com
pletely. 

Do not turn this page until you are told to do so. 

SC-2A 



PART ONE 

Questions 1-8 

You are exploring the desert country of the south
western United States. 

1 In studying the geologic history of the region, 
you find stratified layers of sand, gravel, and 
smooth boulders for hundreds of feet below the 
surface in certain areas. This would suggest that 
these areas 

A had been filled in by intermittent streams 
B were once the bed of an ancient sea 
C were filled in by severe wind erosion 
D had received hardly any rainfall for a long 

period of time 

2 Even though the temperature on the desert may 
be II 0 degrees, you are more comfortable there 
than you would be in Chicago at a temperature 
of 90 degrees because in the desert 

E there are prevailing winds 
F the moisture content of the air is low 
G the barometric pressure is high 
H the cloud formations move slowly 

3 Which of the following best explains the climate 
found in this desert? 

A Distance above sea level 
B Distance north of the equator 
C Mountain ranges between the desert and the 

ocean 
D Distance from the nearest large body of water 

4 The simplest and most effective method for cool
ing the metal canteen of water at your desert 
camp is to 

E put it in a shallow hole 
F keep it in the tent out of the sun 
G bury it in the sand 
H wrap it in a damp cloth 

5 You have heard that the kangaroo rat, a desert 
animal, never drinks water. The reason it can 
survive without drinking any water is that it 

A needs no moisture to keep alive 
B absorbs water through the skin 
C uses water formed from the oxidation of food 
D takes water from the air as it breathes 

6 You note that the cactus has a green waxy sur
face but no leaves, and you wonder how these 
plants obtain food. Which of the following is 
correct? 

E The plants are parasites. 
F The. food comes from other plants that have 

leaves. 
G Food is made in the flowers. 
H Food is manufactured in the green surfaces of 

the plants. 

Page 2 

7 The absence of leave~ and the waxy surface of 
the cactus are important adaptations to life in 
hot, dry.conditions because these features 

A protect it from being eaten by animals 
B help to reduce the loss of water 
C enable it to store large amounts of water in 

underground roots 
D enable it to live without water 

Motor-run 
winch ·li

attached 

y 

8 In order to get your jeep up the side of a small 
canyon you use a winch attached to the front of 
your jeep and driven by the jeep's engine. You 
first attach the winch as shown in drawing X 
but find it works much better with arrangement 
Y. 
Arrangement Y is better than arrangement X 

because 

E arrangement Y requires the application of a 
smaller force 

f a pulley always makes it easier to lift a load 
G the jeep will move faster than with arrange

ment X 
H the noose around the tree will be less likely 

to come unfastened from the tree 

Questions 9-14 

Bob lived on a farm. He was studying biology in 
school and began to notice many applications of 
biological principles in his father's everyday work 
about the farm. 

9 One day Bob helped his father cover the celery 
with paper bags in order to bleach it. He 
realized that this was done to reduce the amount 
of 

A transpiration from the plant 
B light reaching the plant 
C carbon dioxide reaching the plant 
D oxygen leaving the plant 

Go on to the next page. 
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10 When Bob's father asked him to prepare some 
flats for growing mushrooms in the basement, 
Bob knew that he should use soil which 

E was rich in organic matter 
F was rich in nitrates 
G had a high percentage of sand 
H had a low moisture-retaining capacity 

11 This year, Bob's father wanted to raise hybrid 
corn like that which their neighbor had grown 
successfully last year- To do this, he should ask 
his neighbor for some seed 

A obtained last year from his hybrid corn 
8 of the same kind he had planted last year 
C from the two pure varieties which were 

crossed to get the hybrid seed 
D treated with plant hormones 

· 12 When apple trees were in bloom on the neigh
bor's farm, Bob saw that several hives of bees 
had been put in the orchard in order to 

E cross-pollinate the apple blossoms 
F obtain a supply of honey 
.G destroy insect pests harmful to apples 
H attract birds beneficial to the orchard 

13 One night while the orchard was still in blossom, 
the temperature dropped to 25 ° F. When Bob 
saw the trees the next morning, most of the 
blossoms had turned dark brown. From what 
he knew about the life cycle of trees, Bob was 
correct in predicting that this year the orchard 
would produce 

A mostly dwarf fruit 8 mostly damaged fruit 
C fruit much later than usual 
D scarcely any fruit 

14 Bob noticed that his father always inoculated 
soybeans with a certain kind of bacteria before 
planting them. When he asked his father about 
this, he learned that these bacteria were in
tended to help make the soil 

E more acid F more alkaline 
G richer in nitrogen H more resistant to weeds 

Questions 15-20 

You are going with the Science Club to visit an 
observatory on a mountain top. 

15 On the way to the observatory, you cross desert 
country and notice that though there are no 
pine trees in the desert there are plenty on the 
mountain where the observatory is. Which of 
the following pairs of factors best accounts for 
this fact? 

A Altitude and latitude 8 Moisture and light 
C Temperature and altitude 
D Temperature and moisture 

16 Several of the club members noticed how much 
cooler it was at the top of the mountain than at 
the foot. Someone asked, "Since the top of the 
mountain is nearer the sun, why isn't it hotter 
on top?" Several explanations were offered. 
Which one is correct? 

E The mean temperature of an area depends 
only upon its altitude above sea level. 

F The more rain that falls, the cooler it gets. 
G A blanket of air prevents the escape of heat 

from valleys and other low-lying regions. 
H The distance from the equator is the most 

important cause of temperature differences. 

17 As the group enters the observatory, one of. the 
boys falls on the metal stairway and gashes his 
leg. Fortunately he did not cut an artery. 
Losing arterial blood is extremely da ngerous 
because such blood 

A is under high pressure returning to the heart 
8 is carrying oxygen needed by cells of the body 
C cannot be made to clot 
D is under high pressure coming directly from 

the heart 

18 Before going into the observatory you point out 
the bright star Sirius to a friend . He mentions 
that it takes many years for light to reach the 
earth from even such a near star. This puzzled 
you until you were reminded that 

E light travels slower in space than on earth 
F the speed of light although very great is not 

instan taneo us 
G light travels more slowly after being reflected 
H light travels from different stars at different 

speeds 

19 In order to keep a certain star in the center of 
the telescope's field of view, a mechanism moves 
the telescope to keep up with the star's motion 
across the sky from east to west. This apparent 
motion of the star is caused by 

A the rotation of the earth 
8 actual movement of the stars in great circles 

with the North Star as the center 
C distant stars following our sun through space 
D rotation of our solar system in its galaxy 

Go on to the next page. 
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20 You hear that the moon moves around the earth 
once in about every 28 days with the same side 
always toward the earth. 

-SUN 

\ 
J 

It follows therefore that the length of a lunar 
night must be about 
E 12 hours long F 24 hours long 
G 2 weeks long H 1 month long 

Questions 21-25 

Sarah is taking a course in home economics and 
finds it helpful in understanding more about cooking 
at home. 

21 When making jelly at home Sarah adds pectin 
to make the jelly firm . Which of the following 
is the niost likely reason why the pectin does 
this? 

A Pectin dissolves in fruit juices to form a 
homogenous true solution. 

B Pectin boiled with the fruit sugars forms 
an emulsion. 

C Pectin boiled with the fruit sugars forms a 
colloid. 

D Pectin dissolves in fruit juices to form a het
erogeneous suspension. 

22 After the jelly had been standing for a few days, 
Sarah noticed that it was fermenting. She 
could best prevent further fermentation by 
E adding a pinch of salt to the jelly and re

sealing • 
F adding sugar to the jelly and resealing 
G freezing the jelly 
H boiling the jelly and then resealing 

23 Sarah told her father· that she had learned that 
sugar is a mixture of carbon, hydrogen, and 
oxygen. Her father said that she should not 
have used the word "mixture" that way because 

A sugar. has many of the properties of carbon, 
hydrogen, and oxygen 

B oxygen, carbon, and hydrogen are present in 
sugar in fixed proportions by weight. 

C the word "mixture" implies a definite com
position of materials 

D the word "mixture" is not a scientific term 

24 Sarah is preparing a talk for her home economics 
class on "How The Body Converts Food Into 
Tissue." In carrying out this assignment, it is 
most important that she be able to explain the 
meaning of the word 
E assimilation 
F reduction 
G coagulation 
H neutralization 

25 In reading for her project, she came across the 
term "essential amino acids." She asked several 
of her friends why these were called "essential." 
Which one of the following answers is correct? 
A They are the amino acids which are used for 

supplying energy. 
B They are the amino acids which the body 

itself cannot manufacture. 1 

C They are the amino acids which are basic for 
hormone production. 

D They are the amino acids which form the 
blood. 

Questions 26-30 
A superhighway is under construction near your 

house. While watching the progress of the work, 
you get an opportunity to talk to the engineer in 
charge. 

26 You ask why the highway is "banked" at the 
curves with the outside edge higher than the in
side edge. The best answer is that the banked 
curve 
E causes the center of gravity of vehicles to be 

lowered 
F is designed to supplement the mechanical ad

vantage of the steering column 
G increases the coefficient of friction between the 

rubber tires and road surface 
H tends to keep the resultant of a vehicle's 

weight and its centrifugal force perpendicular 
to the pavement 

27 The engineer is considering testing new steel 
reinforcements for use in the concrete pave
ment. Of the following, the most important 
problem would be to 
A get a steel whose coefficient of expansion is 

close to that of concrete 
B determine the oxidation rate of steel 
c measure the ability of concrete to fuse with 

steel 
0 determine the compression strength of steel 

Go on to the next page. 
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28 Near one group of workmen you notice a large 
canvas bag containing drinking water. Some
one explained, "The water soaks slowly through 
the canvas and evaporates, and thus keeps the 
water in the bag cool." This explanation is a 
statement of 

E opinion backed by no facts 
F unjustifiable opinion backed by some facts 
G justifiable opinion backed by some facts 
H a scientific fact 

29 Nearby is an old concrete highway that was 
abandoned years ago. Huge cracks have spread 
through it and much of it is broken into small 
pieces of stony material. Which of the follow
ing best explains this? 

A The material used was not suited to the heavy 
load it had to carry. 

8 Earthquakes tend to break up surface ma
terials on the earth. 

C Weathering is an important factor in the 
deterioration of man-made structures. 

D The concrete was worn too thin by heavy 
traffic. 

30 Men are planting grass on the sloping surfaces 
of the road cuts to prevent erosion. The grass 
will be helpful for all of the following reasons 
EXCEPT: 
E Grass cushions the falling raindrops. 
F The soil clings to the roots of grass. 
G Grass slows the flow of surface water. 
H The flat grass blades keep the rain from reach

ing the soil. 

• 
Stop. If you finish before time is called, 
check your work on this part. Do not go 
on to Part Two until you are told to do so. 

DIRECTIONS FOR PART TWO 

Part Two contains the same kind of material as Part One. Mark your answers in the same way. 

Do not turn this page until you are told to do so. 
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PART TWO 

Questions 1-5 

Your family owns a cattle ranch. One of the wells 
no longer pumps water, and you go out with the 
hired man to help him fix it. 

1 The electrically driven lift pump was designed 
to draw water up by "suction." If you found 
the pump motor running but no water being 
drawn up, you might reasonably have suspected 
any of the following EXCEPT 

A a leak in the suction pipe under the pump 
B an unusually high barometric pressure 
C low water in the well at a level more than 34 

feet below the pump 
D a broken drive shaft between the motor and 

the pump 

2 To remove the motor for a routine checkup, the 
hired man unbolts it from its concrete base and 
wedges a crowbar under the motor. He rests 
the bar on a log like this : 

Assuming that you could either push down 
or pull up on the free end of the crowbar with 
equal force, it would be easier to continue 
raising the motor at point X if you were to 

E pull up on the crowbar, because this will 
shift the pump's center of gravity 

F pull up on the crowbar, because this will 
give the most leverage 

G push down on the crowbar, because the log 
will act as a fulcrum 

H push down on the crowbar, because the weight 
of the bar will assist you 

3 While eating lunch, the hired man tells you that 
a few years ago he had mated some long-legged 
with some short-legged cattle and had obtained 
all long-legged offspring. Now he wanted to 
cross these offspring with a short-legged stock. 
What proportion of short-legged offspring 
should he expect from this kind of cross? 

A None short-legged 
B All short-legged 
C About one-fourth short-legged 
D About one-half short-legged 

4 A new well has just been dug near the common 
corner of four fields on your ranch as shown in 
the sketch: 

Barrels 

WellO 

To keep all four barrels full of water for the 
stock grazing in each field, the hired man sug
gests that the four barrels be connected with 
siphon pipes like this: 

' 

Water 
pumped 
from 
well 

Which one of the following best describes the 
workability of this idea? 

E Only barrel No. I would ever contain water. 
F The water would rise and stay at approxi

mately equal levels in all barrels if enough is 
supplied to barrel No. I. 

G Barrel No. 1 would always have the highest 
water level and barrel No. 4 the lowest. 

H It would be unlikely that barrels No. 3 and 4 
would ever have any water in them. 

5 As you finish your lunch in the field, you see 
huge thunderheads whose characteristic dark, 
flat undersides are caused chiefly by 

A hot moist air rising rapidly and cooling by 
expansion until it reaches the dew point 

B the condensation of moisture settling from 
above the clouds 

C shifting winds above the clouds 
D strong steady winds along the ground 

Go on to the next page. 
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Questions 6-9 

Your teacher has sent you to a biological supply 
house to buy some live frogs for y0ur class's labora
tory studies. While he is collecting the frogs, the 
biologist tells you some interesting things about their 
growth and development. 

6 The biologist says that if a small quantity of 
thyroxine is added to a tank of frog eggs, they 
will develop into tadpoles sooner than the eggs 
in other tanks. The earlier appearance of tad
poles in this tank might be due to any of the 
following EXCEPT 

E temperature differences between the tanks 
F the presence of thyroxine 
G a greater supply of food in the water 
H age differences between different batches of 

eggs 

7 You ask what would happen to tadpoles if they 
produced no thyroxine of their own, because 
you had heard that thyroxine was necessary for 
transforming tadpoles into frogs. The biologist 
says that to set up an experiment for answering 
this question one should have two tanks of tad
poles and 

A add a small amount of thyroxine to one tank 
8 add a small amount of iodine to one tank 
C remove the thyroid gland from the tadpoles 

in one tank 
D transplant the thyroid glands from the tad

poles in one tank into the tadpoles ii). the 
other tank 

8 The biologist suggests that you will probably 
want to ask your teacher how thyroxine influ
ences metabolism. He adds that one could study 
the effect of thyroxine on the metabolism of 
adult frogs by measuring their 

E rate of oxygen consumption 
F rate of metamorphosis 
G ability to digest food completely 
H ability to survive on a low-calorie diet 

9 You learn that the pituitary is another impor
tant gland. If it is removed from a young frog, 
the frog will remain light-colored unless it is 
injected with extracts from the pituitary gland. 
The biologist explains this by telling you that 

A the pituitary gland is influenced by thyroxine 
8 the pituitary controls the expansion of spe

cialized cells containing dark pigment 
C the pituitary extract contains a dark pigment 
D frogs without their pituitary gland cannot de

tect the color of their environment 

Questions 10-15 

Industrial development and a rapidly growing 
population are creating a water-supply problem in 
your town. The community secures its water from 
deep wells. 

10 A committee is appointed to solve the problem. 
In order to meet the demands of the community, 
which of the following should it do first? 
E Locate the source of the underground water 

supply. 
F Determine the location of the nearest artesian 

water supply. 
G Plan an extensive program of drilling new 

wells. 
H Survey the future needs of industry and popu

lation growth. 

11 The water from the deep wells is clear and con
tains no harmful bacteria. What would be 
necessary to make the water safe to drink? 

A Treat the water with sodium fluoride . 
8 Chlorinate the water. 
C Aerate the water. D No treatment is needed. 

12 You have heard it proposed that plans for a 
new city water works should include provisions 
for passing the water through an ion-exchange 
resm. If this is done, there will probably be 

E a decrease in the iJlcidence of communicable 
diseases in the town 

F much less sediment in the water 
G a decrease in the amount of soap used per 

person per year 
H far fewer cases of intestinal diseases 

13 In the index of your science book, you find 
the following entries: 

Water 
bacteria in, 162 
conservation of, 127 
distilled, 219 
erosion of, 130 
excretion of, 216 
expansion of, 135 
experiments with, 325 
hardness of, 141 
in blood, 218 
properties of, 140 
purification of, 150 
refraction of light by, 300 
weight of body due to, 225 

To learn more about the treatment of drinking 
water, you should start by looking on pages 

A 141, 150, 162 8 219,225,300 
c 135, 141, 218 D 130, 150, 162 

Go on to the next page. 
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14 It is expected that when an adequate water 
supply is available, many of the farmers near 
your town will install irrigation systems. The 
ITIOSt likely reason that the farmers are consider
ing irrigating is that the 

E rainfall in the region was 70.7 inches last year 
F region is located far from the ocean 
G rainfall comes at widely scattered intervals 

over the year 
H rainfall causes considerable erosion on the 

farm lands 

15 Some of the local farmers have suggested seed
ing the clouds with finely divided silver iodide 
to produce rain. Which of the following is the 
best reason for NOT doing this? 

A Silver iodide is expensive. 
B The clouds are too close to the earth and will 

cause only lightning. 
C Seeding of clouds can cause great floods 

during the growing season. 
D In your region, there is always a great deal of 

fine dust in the air. 

Questions 16-21 

You are making your first trip by commercial air
lines, traveling from New York to San Francisco. 

16 As the plane climbs, your neighbor asks why his 
ears "pop." Which of the following is the best 
explanation? 
E The ears "pop" as air in the middle ear enters 

the throat to equalize the pressure on both 
sides of the eardrum. 

F The ears "pop" as air pushes in on the ear
drum and air enters the middle ear to equalize 
the pressure. 

G Air pushes on the eardrum until the pressure 
is great enough to let the air through with 
a "pop." 

H Changes in air pressure cause changes in the 
thickness of the eardrum resulting in the 
"popping" sensation. 

17 The stewardess tells you that the plane must 
travel farther to get off the ground at Denver 
than it does at New York. The reason for this 
is that at Denver, the 

A atmospheric pressure is greater 
B atmosphere is drier 
C air density is less 
D temperature is lower 

18 You learn that for every 300 feet the plane rises, 
the temperature outside drops approximately 
one degree Fahrenheit. Which of the following 
reasons best explains this temperature drop? 

E High altitude currents cool the upper air 
layers. 

F Ground heat never reaches high altitudes. 
G Air near the ground takes up heat from large 

bodies of water. 
H As warm air rises it expands and therefore 

cools. 

19 Referring to question 18, at what height, in feet, 
would you expect the temperature to drop to 
freezing if the ground temperature is 72o F? 

A 72 X 300 B 72 - 0 

32 300 

c (72 0) X 300 D (72 - 32) X 300 

20 No smoking is permitted when the plane stops 
for refueling. This precaution is necessary be
cause 
E the oxygen in air forms an explosive mix

ture with gasoline vapor 
F the nitrogen in air forms an explosive mixture 

with gasoline vapor 
G gasoline vapor alone is highly explosive 
H smoke particles may act as a catalyst for gaso

line combustion 

21 You are flying west and try to imagine how the 
path of your fall would appear to someone on 
the ground if you had to bail out. Which of 
these represents how the path of your fall would 
appear to someone looking toward the south? 

A B c D 

a.tt ..... .....I 
I I 

I 
"\ I 

\ II 
I \ \ 

\\ \ I 
I \ ' I 
\ 
"'I + 

\ 

~ ~ 

Go on to the next page. 
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Questions 22-30 

Bill and Jim have been rebuilding a car for their 
own use. They are remodeling it so that it will 
operate well and also have style and speed. 

22 The boys are interested in altering their car so 
that it will be more stable and will not tend to 
turn over easily on curves. To db this, the boys 
should 

E determine the kind of steering mechanism 
which is best 

F determine the kind and size of tires to be used 
G find a way to lower the car's center of gravity 
H find a way to streamline the car more effec

tively 

23 Bill has seen a number of cars with a small metal 
strap hanging from the frame of the car and 
touching the ground. Which of the following 
explanations of these straps is best? 

A If the car is struck by lightning, the electricity 
is conducted to the ground 

B The strap conducts excess electricity from the 
battery and generator to the ground 

C The strap serves no mechanical purpose, but 
makes the car more stylish 

D The strap grounds static electricity which is 
generated by the moving car 

24 Jim claims that water is a good liquid to use in 
the cooling system because, for equal changes in 
temperature, it can absorb or give off more heat 
than most other liquids. The reason Jim gave is 

E a justifiable opinion backed by some facts 
F an unjustifiable opinion not backed by facts 
G a scientific conclusion based on adequate evi

dence 
H false 

25 Freezing Point of Glycerine Antifreeze in Water 

Per Cent of Glycerine Freezing Point 
Antifreeze by Weight C F) 

10 +29.1 
20 +23.4 
30 +14.9 
40 + 4.3 
50 - 9.4 
60 - 30.5 
70 -38.0 
80 - 5.5 
90 +29.1 

100 +62.6 

The lowest temperature ever recorded in the 
boys' town was 0° F. According to the chart 
above, it would be impractical to use a percent
age of antifreeze higher than 

A 30% B 50% C 80% D 100% 

26 If Jim and Bill were going to take a trip to 
mountainous country where the temperature oc
casionally drops to -45° F, about what per- 
centage of glycerine antifreeze should they have 
in the radiator in order to be sure that it would 
not freeze? 

E 40% 
F 70% 
G 100% 
H If the temperature drops to -45° F, one 

would expect the radiator to freeze regardless 
of the amount of glycerine antifreeze in it. 

27 From this chart alone, which of the following 
conclusions is most justified? 

A Glycerine is completely soluble in water. 
B Only about 70 grams of glycerine will dissolve 

in 100 grams of water. 
C No solution of water and glycerine can con

tain more than 70% by weight of glycerine. 
D Glycerine doesn't dissoive in water, but forms 

an emulsion. 

Go on to the next page. 
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28 Jim and Bill are concerned about the brakes on 

their car and wonder what stopping distances 
are needed at various speeds. The driving in
su·uctor at school showed Jim the following 
chart: 

Speed 
How Much Space Do We Need 

In Which To Stop?mi / hr ft / sec 

20 29.3 

30 44 

40 58.7 

50 73.3 

60 88 

66ft. 197ft. 

Reaction distance: distance traveled 
between seeing danger and apply
iqg brakes. 

Braking distance: distance car with 
four-wheel brakes needs in which 
to stop. 

From this chart alone, which of the following 
conclusions is most justified? 
E For the speeds given, the greater the speed, the 

greater the reaction distance. 
F The higher one's speed, the longer it takes 

for the average driver to react. 
G The braking distance is always greater than 

the distance traveled in reacting to the danger 
signal. 

H As one doubles the speed, the total distance 
necessary for stopping becomes twice as great. 

C17P~OV- Printed in U.S.A. 

29 From the chart Jim could correctly conclude 
that the reaction time of the average driver is 

A less than one second 
8 one second 
C a little more than one second 
0 much more than one second 

30 If a person starts to cross a street in front of a 
car which is 100 feet away and approaching at a 
speed of about 40 miles an hour, the car will 
probably 
E hit the person and stop on contact 
F stop just short of the person 
G stop long before reaching the person 
H hit the person and go several feet beyond 

If you finish before time is called, you 
may check your work on either Part One 
or Part Two. 
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Part A 
I. The density of a piece of coal weighing 6 grams and having 

a volume of 4 cubic centimeters is 

1. tgm. 
2. t cu. em. 
3. 1.5 gm. 
4. 1.5 gm. per cu. em. 
5. 1.5 gm. per sq. em. 

2. Which one of the following terms is unrelated to the others? 

6. moment 
7. fulcrum 
8. lever 
9. effort 

10. momentum 

3. The ideal mechanical advantage 
of the pulley system shown at 
the right is 

1. t 
2. t 
3. 2 

Effort.4. 3 
6. 4 

4. The hydraulic press is an application of a principle proposed 
by

6. Archimedes. 
7. Boyle. 
8. Charles. 
9. Newton. 

10. Pascal. 

5. The pressure was determined at a depth of one foot in a 
liquid with a specific gravity of 1.2. The same pressure in a 
liquid with a specific gravity of 0.6 would be found at a depth 
of

1. 0.5 ft. 
2. 0.6 ft. 
3. 1.0 ft. 
4. 1.2 ft. 
5. 2.0 ft. 

6. When one force of 12 pounds and another force of 5 pounds 
act at right angles to each other on a point, the resultant 
force is

6. 2.4 lb. 
7. 7.0 lb. 
8. 13.0 lb. 
9. 17.0 lb. 

10. 60.0 lb. 
[ 2 l 
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7. A large steel drum containing air at normal atmospheric 
pressure is found to fiQat with 40 per cent of its volume 
under water. If compressed air is forced into the dru,m 
until the pressure is doubled, it will

1. float higher in the water. 
2. sink to the bottom. 
3. still float with 40 per cent of its volume under water. 
4. float lower in the water. 
5. sink to some depth between the surface and bottom. 

8. To compute the power necessary to move a given body a 
given distance by a given force, one must also know the

6. time required to move the body. 
7. mass of the body. 
8. velocity of the body. 
9. acceleration given the body. 

10. work done on the body. 

9. An automobile starting from rest is given a constant accel
eration of 4 feet per second per second for 10 seconds. 
During these 10 seconds its average speed is 

1. 0.4 ft. per sec. 
2. 2.5 ft. per sec. 
3. 4.0 ft. per sec. 
4. 20.0 ft. per sec. 
5. 40.0 ft. per sec. 

10. A machine may be used to multiply

6. force and speed. 
7. work. 
8. energy. 
9. force only or speed only. 

10. power. 

11. The outer pail of an ice-cream freezer is usually made of 
wood, becauSe wood 

1. has a low specific heat. 
2. is a poor conductor of heat. 
·a. is a poor radiator of heat. 
4. is waterproof. 
5. has a low coefficient of expansion. 

12. When the bulb of a glass thermometer is plunged into hot 
water, the mercury in the stem first falls before rising be
cause

6. the glass has a greater coefficient of cubical expan
sion than the mercury. 

7. the mercury first contracts. 
8. the glass first absorbs heat from the mercury. 
9. the glass has a coefficient of cubical expansion that 

varies. 
10. the glass starts to expand before the mercury. 

13. Silvered surfaces are used in a vacuum bottle because 
silver

1. reflects heat waves. 
2. is a good radiator of heat. 
3. has a higher coefficient of expansion than glass has. 
4. is a poor conductor of heat. 
5. has a high coefficient of conductivity. 

Go on to the next page. 
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14. A liquid boils at 150° C. This temperature on the 
Fahrenheit scale is 

6. 51.5 degrees. 
7. 115.5 degrees. 
8. 212.0 degrees. 
9. 238.0 degrees. 

10. 302.0 degrees. 

15. When heated, which of the following have the same rate of 
expan~ion? 

1. solids 
2. liquids 
3. unconfined gases 
4. solids and liquids 
5. none of the above 

16. If 0.3 calorie of heat will raise the temperature of 1 gram of 
a metal10 C. degrees, what is the specific heat of the metal? 

6. 0.003 
7. 0.03 
8. 0.3 
9. 3.0 

10. 30.0 

17. When no heat is received from an outside source, evapora
tion of a liquid always results in 

1. a decrease in pressure. 
2. a constant temperature. 
3. a decrease in temperature. 
4. an increase in pressure. 
5. an increase in temperature. 

18. What is the relative humidity at the dew point? 

6. zero 
7. between 1% and 99 % 
8. 100% 
9. over 100% 

10. It may be any per cent as long as the air is chilled. 

19. If one object is set in vibration by the vibration of another, 
they must have the same

1. frequency. 
2. amplitude. 
3. mass. 
4. velocity. 
5. rigidity. 

20. The energy of a sound wave increases with its 

6. wave length. 
7. phase. 
8. amplitude, 
9. frequency." 

10. velocity. 

21. All the members of an orchestra struck notes at the same 
time but at various musical pitches. These musical notes 
reached the ear of a person in the rear of the auditorium at 
the same time. This would indicate that 

1. the speed of sound waves in air is approximately 
1100 feet per f!econd. 

2. all the instruments produced sound waves of about 
the same intensity. 

3. sound waves travel more slowly in air than through 
solids. 

4. the speed of sound waves is independent of the pitch. 
5. the quality of the musical notes was improved. 

22. The intensity of illumination at 4-feet distance, compared 
with that at 1-foot distance, is

6. ls 
7. t 
8.! 
9. 4 

10. 16 

23. The sun appears to rise earlier than it actually does. This 
is due to the earth's atmosphere causing the light waves to 
be-

l. diffused. 
2. reflected. 
3. dispersed. 
4. polarized. 
5. refracted. 

24. The phenomenon that best supports the hypothesis that 
light is a form of transverse wave motion is called 

6. polarization. 
7. refraction. 
8. interference. 
9. reflection. 

10. dispersion. 

25. The types of images formed by a convex lens when the 
object is placed at V_!lrying distances are most like those 
formed by a

1. prism. 
2. concave mirror. 
3. plane mirror. 
4. convex mirror. 
5. concave lens. 

26. When light traveling from a liquid strikes a solid, what will 
certainly happen to most of the light? 

6. It will be reflected. 
7. It will be diffused. 
8. It will be refracted. 
9. It will be dispersed. 

10. It is impossible to tell. 

27. The diagram above represents a magnetic field between the 
ends of two magnets. The shape of the field indicates 
that

1. end X is a north pole and end Y is a south pole. 
2. both poles are north poles. 
3. both poles are south poles. 
4. one pole is a north pole and the other pole is a south 

pole. 
5. end X is a south pole and end Y is a north pole. 

[ 3 ] Go on to the next page. 



28. A rod is brought near an insulated body hanging freely on 
the end of a string. The body is neither attracted nor re
pelled. This indicates that 

6. the rod may be charged but the body is not. 
7. both body and rod are charged with like charges. 
8. the body may be charged but the rod is not. 
9. both body and rod are charged but with unlike 

charges. 
10. neither body nor rod is charged. 

29. What is the cost of operating a 500-watt flatiron for 2 hours 
at $0.07 per kilowatt-hour? 

1. $0.007 
2. $0.07 
3. $0.14 
4. $0.70 
5. $35.00 

30. The polarity of the ends of an electromagnet is dependent 
upon-

G. the end at which the current enters. 
7. the amount of the current. 
8. the number of layers of wire. 
9. the direction of the current. 

10. the material of the core of the electromagnet. 

4 

31. To Ught only lamp X of the 4 lamps shown in the circuit 
above, close 

1. switches 2 and 4 
2. switch 1 
3. switches 3 and 4 
4. switch 2 
5. switches 1, 3 and 4 

32. A doorbell which operates at 3 volts is connected to 2 dry 
cells of 1t volts each. Which one of the following methods 
should be used to connect the bell and dry cells? 

..~ ..~ ..~ 
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33. Three resistances of 3, 6, and 9 ohms respectively are con
nected in parallel. If the voltage across the terminals of 
the group is 3 volts, what is the voltage across the 6-ohm 
resistance? 

1. 2 volts 
2. 3 ·volts 
3. 6 volts 
4. 9 volts 
5. 18 volts 

34. If heat losses are disregarded, an electrical transformer can 
NOT

6. increase the voltage. 
7. decrease the amperage. 
8. increase the amperage. 
9. increase the wattage. 

10. decrease the voltage. 

35. A rheostat may be used to change

1. direct current into alternating current. 
2. the e.m.f. of a battery. 
3. the direction of flow of current. 
4. the electrical charge on a body. 
5. the amount of resistance. 

3-volt. 
lamp Condenser 

.-------el------111-1-
6 j_ 

voles T 
D.C. L.-------------_j 

36. Which one of the following statements is true concerning 
the lamp filament in the above circuit? 

6. No current will flow through it. 
7. It will operate at a lower temperature than normal. 
8. Two amperes will flow through it. 
9. It will operate at a higher temperature than normal. 

10. Current will flow through it at 3-volts pressure. 

37. A positively charged body is one which has lost some of 
its

·" 1. protons. 
2. ions. 
3. photons. 
4. electrons. 
5. neutrons. 

38. Of the following, the most penetrating form of radiation 
is

6. ultraviolet light. 
7. heat. 
8. cosmic rays. 
9. X rays. 

10. infrared light. 
[ 4 ] Go on to the next page. 



Part B 

39. Pencil marks cling to paper because of

1. tenacity. 
2. adhesion. 
3. ductility. 
4. cohesion. 
5. surface tension. 

40. The pendulum on a clock can be made to swing back and 
forth more rapidly by making the pendulum 

6. heaVier. 
7. longer. 
8. shorter. 
9. lighter. 

10. swing through a greater arc. 

41. Two objects, X and Y, of different densities are floated in 
water. At which point is the pressure greatest? 

1. 1 
2. 2 
3. 3 
4. 4 
5. The pressure is the same at all the points. 

42. Which one of the following accounts for the fact that water 
will travel in a straight line after flying off a rotating wheel? 

6. acceleration 
7. kinetic energy 
8. inertia 
9. velocity 

10. momentum 

43. By using a single fixed frictionless pulley, it is possible 
to produce a change in 

1. work. 
2. speed. 
3. power. 
4. direction. 
5. force. 

44. When the tires on a 40-pound bicycle are inflated to 20 
pounds per square inch, the area of each of the tires in con
tact with the pavement 

6. is t sq. in. 
7. is 1 sq. in. 
8. is 2 sq. in. 
9. is 4 sq. in. 

10. cannot be determined from the data. 

Dunning: Phys.-A 

45. In which siphon will the water continue to flow in the direc
tion shown? 

3. 

1.• 

-

f § 
-

-

5. none of the above 

46. The product of the mass and velocity of an object is 
called-

G. inertia. 
7. acceleration. 
8. force. 
9. impulse. 

10. momentum. 

47. A toy ship is floated in liquid X within a hollow transparent 
ball. Under what condition might the ball be made to 
float in liquid Y as shown above? 

1. when liquid X has a greater density than liquid Y 
2. when liquid Y has a greater specific gravity than 

liquid X 
3. only when liquid Y is heavier than water 
4. only when liquid X is lighter than water 
5. Under no condition can the ball float as shown. 

48. If a solid piece of aluminum and a solid piece of steel each 
appear to lose 62.5 pounds when submerged in water, the 
two pieces are alike in 

6. density. 
7. volume. 
8. weight. 
9. mass. 

10. specific gravity. 

49. The top of a table is 3 feet above the floor. The work done 
in holding a 50-pound weight 2 feet over the table top is 

1. 0 ft. lb. 
2. 50 ft. lb. 
3. 100 ft. lb. 
4. 150 ft. lb. 
5. 250 ft. lb. 

[ 5 ] Go on to the next page. 



Dunning: Phys.-A 

SO. If all of the following substances are at 50° F., which one 
will probably feel coldest to your hand? 

6. rock 
7. glass 
8. iron 
9. wood 

10. They will all feel equally cold. 

51. The unequal expansion of metals makes possible the opera
tion of

1. hydrometers. 
2. mercury thermometers. 
3. hygrometers. 
4. aneroid barometers. 
5. thermostats. 

"i2. A change from 68° F. to 77° F. is the same as how many 
degrees change on the Centigrade scale? 

6. 5 degrees 
7. 16.2 degrees 
8. 20 degrees 
9. 25 degrees 

10. 37 degrees 

53. In a vacuum, transfer of heat is possible 

1. only by conduction. 
2. by conduction and convection. 
3. by convection and radiation. 
4. only by radiation. 
5. only by convection. 

54. It was found that more heat was lost after a furnace pipe 
..,. in the cellar was covered with a single thin sheet of asbestos .. paper than when the shiny bare metal was exposed to the 

air. How might this be accounted for? 

6. The asbestos must have been of a lighter color than 
the metal. 

7. The cellar must have been at a lower temperature 
than the upstairs rooms. 

8. The asbestos must have had a smoother surface 
than the metal. 

9. The asbestos greatly reduced the loss of heat by 
conduction. 

10. The asbestos was a better radiator of heat than the 
metal. 

55. If water at 4o C. is either heated or cooled, it will

1. release heat. 
2. become less dense. 
3. contract. 
4. solidify. 
5. absorb heat. 

56. If the mass and temperature of an enclosed gas remained 
constant while the volume was doubled, the density of the 
gas

6. was doubled. 
7. was halved. 
8. decreased fourfold. 
9. remained unchanged. 

10. increased fourfold. 

57. If a vibrating object is moving toward a man with the 
velocity of sound, he will

1. hear the sound before the object arrives. 
2. not be able to tell when the sound will arrive. 
3. hear the sound at the same time the object arrives. 
4. never hear the sound. 
5. hear the sound after the object arrives. 

58. A man standing between two cliffs, X andY, fires a gun. 
Two seconds later he hears an echo from cliff X, and two 
seconds after he hears the first echo he hears an echo from 
cliff Y. What is the approximate distance between the 
two cliffs? 

6. 1100 ft. 
7. 2200 ft. 
8. 3300 ft. 
9. 4400 ft. 

10. 6600 ft. 

59. Glare is eliminated in a frosted electric-light bulb by

1. diffusion. 
2. interference. 
3. reflection. 
4. dispersion. 
5. refraction. 

X 

60. A ray of monochromatic yellow light is refracted by a prism 
as shown in figure X above. When two such identical 
prisms are placed together as shown in figure Y, the most 
probable path that the ray will follow after passing through 
the two prisms is 

6. 1 
7. 2 
8. 3 
9. 4 

10. 5 

61. The angle between the incident ray falling on a plane mirror 
and the reflected ray is 36 degrees. What is the angle of 
incidence? 

1. 18° 
2. more than 18° and less than 36° 
3. 36° 
4. 72° 
5. It is impossible to tell from the data. 

62. If an object is placed 10 centimeters from a convex lens of 
5 centimeters focal length, the image formed will be 

6. smaller than the object. 
7. closer to the lens than 10 centimeters. 
8. the same size as the object and inverted. 
9. larger than the object and virtual. 

10. farther from the lens than 10 centimeters. 
Go on to the next page.[ 6 1 



63. Yellow light of a single wave length can NOT be

1. reflected. 
2. refracted. 
3. diffused. 
4. polarized. 
5. dispersed. 

64. A north pole of a magnet attracted one end o£ a suspended 
bar of iron. The end of the iron bar 

6. was a north pole of a magnet. 
7. must have been unmagnetized. 
8. must have been a south pole of a magnet. 
9. may have been unmagnetized or a south pole of a 

magnet. 
10. may have been unmagnetized or a north pole of a 

magnet. 

65. A magnetic dip needle will be in a vertical position on the 
earth's surface at the

1. north and south magnetic poles. 
2. north magnetic pole only; 
3. south magnetic pole only. 
4. magnetic equator. 
5. none of the above. 

66. The reading of the electric meter shown above is

6. 3208 
7. 3298 
8. 3300 
9. 3308 

10. 3398 

67. When an increasing amount of current is passed through 
a resistor of constant resistance, the voltage drop across its 
terminals

1. increases. 
2. fluctuates. 
3. decreases. 
4. remains constant. 
5. cannot be calculated. 

R1 = 110 ohms R2 = 220 ohms 

330rlvolts 

68. In the electrical circuit above, when one ampere flows into 
Rl

6. two-thirds of an ampere will flow into R2• 

7. one ampere will flow out of R 2• 

8. one ampere will flow into R2 and one-third of an 
ampere out of R2. 

9. one-third of an ampere will flow into R 2• 

10. no amperes will flow out of R2. 

Dunning: Phys.-A 

69. A small current may control a large amount of electric cur
rent by means , of a 

1. relay. 
2. rheostat. 
3. condenser. 
I· choke coil. 
5. high resistor. 

70. As the armature of an electric motor picks up speed, less 
current flows through it because 

6. its resistance increases. 
7. it generates some of the current needed. 
8. it generates a voltage opposing the applied voltage. 
9. it heats up. 

10. its resistance decreases. 

10 ohms 

10 ohms 

71. In the circuit above, one can be sure that the total resist
ance of the circuit is (neglect the resistance of the connect
ing wires)

1. less than 10 ohms. 
2. more than 10 ohms and less than 20 ohms. 
3. 20 ohms. 
4. more than 20 ohms. 
5. It is impossible to tell exactly. 

72. A possible way to reduce the amperes flowing in an alter
nating-current circuit without greatly changing the total 
power transmitted is to use a 

6. transformer. 
7. condenser. 
8. fuse. 
9. choke coil. 

10. resistor. 

73. To use a galvanometer as a voltmeter, it is necessary to con· 
nect to it a

1. high resistance in series. 
2. low resistance in series. 
3. high resistance in parallel. 
4. low resistance in parallel. 
5. low resistance in parallel and a high resistance in 

series. 

74. The person who first computed the theoretical energy ob
tainable from the transformation of matter into energy 
was

6. Bohr. 
7. Curie. 
8. Einstein. 
9. Millikan. 

10. Oppenheimer. 

75. A triode radio tube differs from a diode tube in that it 
has

1. a lower vacuum. 
2. a cathode. 
3. a shield. 
4. a grid. 
5. an inert gas within the tube. 

[ 7 ] Go back and check your answers. 
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APPENDIX N 

Mechanic Test* 

Student's Name School 

1. The system of measurement commonly used in our dally
lives ts the (1) metric system {2) English system
($) MKS system (4) CGS system. 

2. Which of the following ls not a subject usually studied 
in physics? (1) electricity . (2} photosynthesis
( 3) heat (4) forces (5) nuclear energy. 

3.. The unl t of measurement whl ch is the same in ~oth the 
English and metric system is (1) length (2) weight 
( 3} rnas s (4) t 1 me (5) vo 1 ume. 

4. The metric prefix meaning 1/1000 ts (1) cent! (2)
mill! (3) kilo (4) dec! (5) micro. 

5. The unit of mass in the metric system 1st (1) dyne
(2) pound (3) gram (4) ounce (.5) slug. 

6. The unit of mass in the English system l~: (1) pound
( 2) gram (3) dyne (4)' slug (5) lb/sec • 

7. A machine may be used to multiply (1) work (2) en
ergy ( 3) force (4) power ( 5> all of the above. 

a. A simple· machtn~ can . be used to ( 1) store up energy
(2) increase power (3) obtain energy (4) transfer a 
force (5) increase energy put into it. 

9. The use of a screwdriver to pry the lld off a paint 
can is an example of the application of which of the 
following simple machine? (1) a screw (2) a third 
class lever ( 3) a wedge . (4) a wheel and axle (5) 
a first class lever. 

ff.
This test was originally made for the Wisconsin Physics

Film Project. Permlssion was gran.ted to use it tn the 
Oregon Physics Experiment. 
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10. The u&e of a screwdriver to turn a screw !s an ex
ample of the application of which of the following
simple machines? (1) a screw (2) a wheel and axle 
(3) a lever (4) incline plane (5) wedge, 

11. An ordinary wheelbarrow is an example of ( 1) a 
first class lever (2) a second class lever ( 3) a 
third class lever (4) a combination of a first class 
lever and a third class lever (5} none of the above. 

12. Energy may be defined as the capac! ty (or abt 1 i ty) for 
( 1) exerting force ( 2) action ( 3) great power
(4) doing work ($) producing motion. 

13. Kinetic energy ls ( 1) . energy of post tt on ( 2) weigh_t 
times height (3) force times distance (4) 1/2 mv2 
( 5) mv2 • 
- ,..... 
Whtch of the following ls the best example of poten
tlal energy7 (1) the wind (2) a rolling ball 
(3) a moving car (4) a wound watch spring (.$.) none 
of these. 

15. When friction ls present ln a machine, some kinetic 
energy is ( 1) destroyed in the machine (2) created 
tn the machine (3) changed into heat energy (4)
stored tn the machlne (,5) changed into potential 
energy. 

16. A ball ls throwrr up into the air .. As tt .rises, there 
is an increase in its (1) acceleration (2) velocity 
(3) ktnetlc energy (4) momentum (.5) pote.ntlal energy. 

17 . lf a. baseball is thrown straight upward, at the top
of its flight (1) its potential energy is equal to 
its kinetic energy (2) it possesses no energy (3)
its potential energy will be a mlntmum while lts 
kinetic energy wlll be a maximum (4) it possesses no 
potential energy and one-half Its kinetic energy 
(5) lt will possess no klnettc energy while its poten
tial energy wtll be a maximum. 

18. The product of a force times a displacement (or dts ... 
tance) ln the direction of the applied force Is the 
deflnltlon of .. ( 1) power (2) kinetic energy (3) 
horsepower (4) work (5) momentum. 

19. A Joule is ( 1) a dyne-centimeter (2) a kilogram 
meter ( 3) a newton meter (4) a foot pound (5) none 
of these. 
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21. 

22. 

23. 

26. 
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The kinetic energy possessed by an object ts (1) _ 
directly proportional to lts velocity (2) directly
proportional to the square of Its velocity (3) In
versely proportlo_nal to its wel9ht (4) directly
proportional to ·tts elevation (5) less at high
speeds., 

The mechanical advantage of a third class lever ls 
( 1) always less than one ( 2) always equal to one 
(3) always greater than one (4) sometimes less than 
one (5} som.ettmes greater than one~ 

The ra.tlo of the useful work accomplished to the 
total work input ln a machine Is the {1) power of 
the machine (2) efficiency or the machine (3) me
chanical advantage of the machine (4) output of the 
machine (5) force of the machine. ' 

} ' 
v 

When a comparison of slldlng friction and rdlllng
frtctlon between two su.rfaces ls made tt ls found 
that ln general (1) slldtng trfctlort ts le S than 

1rolling frtctton (2) slldtng friction Is a!proxt
mately equal to rolling r_ rlctlon .3) slldl g fric<_ 

tion ls greater than ztolllng friction (4} o state
ment can be made about the comparison of sliding to 
rolling frtctlon. 

If a 90 lb .boy and ~a 160 .lb man run up the same £light
of stairs ln the sa.me ttme (1) the man does less 

}Wotk ( 2) they do t}he $&me amount of work ( 3) the boy 
trequtres more energ:y (4) the man requires more power 
(5) they both requfire the same power. 

lf the amount of work done by a machine ls known, the 
average power output can be found lf (1) the force 
actlrtg ls known (2) the efflclen·cy can be determined 
(3) the time required to do the work ls known (4)
the mechanical advantage of the machine can be 
determined (5) the work done on the machlne can be 
measU'red. 

Two machines, A and I), working at full capacity are 
capable of lifting the same weight 50 ft. However, 
machine A does this work in one ...half the time required
by machine B. This !s because (1) A has twice as 
much potential energy as B (2) B has twice as much 
friction as A (3) A has twice as much power as 8 
(4) A has twlce as much mass as B (5) A has twice as 
much kinetic energy as B.. 
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--~,__'. ______./_- -~-I 

- ' :- f - , ~· 

27. The drawings above show a heavy wooden block be ing 
drawn over a steel plate. In (A) the plat.e ' lS hori
zontal and in (B) 1t is inclined at an angle-.- The 
force required to overcome friction in case (B) .as 
compared to ease (A) is ( 1) the same ( 2) gre11t.~ 
{ 3) less ( 4) greater for some angIe s.. less t or 
others. 

i 

28. If two balls are dropped from the same het\,ht anti re ... 
bound to the same height (1) thetr masses ' are equal 
(2) they have the same limits of elastletty (3) their 
·s.izes are the same (4) none of their properties need 
to be the same (5) they have the same coef!clent of 
restitution. 

29. The spring balance is an application of (1) Hooke's 
Law (2) Pascal's principle (3) Archimedes' prin
ciple (4} Bernoulli's prlnclple (S) Torrtcelll's 
principle. 

30. .Hooke's Law states that within the elastic llmlt of 
a substance, t he distortion (1) vades directly with 
the distorting force (2) varies inversely with the 
distorting force (3) ts unrelated to the distorting 
force. (4) varies directly with the square of the 
distorting force (.S) varies in an unpredictable 
manner. 

31. If a spring is stretched so far that it remains per
manently distorted {l) its elastic llmlt has been 
exceeded (2) the spring constant was high (3) lts 
elastic modulus was high (4) the spring com'ltant 
was low ($) Hooke's law ts vl.olated, · 

32. If the diameter of a certain metal rod is doubled, 
the elongation froduced by a. given load will be 
(1) doubled (2 halved (3) quadrupled (4) one 
fourth as great (5) unchanged. 
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33- The force requ1 red to break a rod or wl re l s Its 
(1) elasticity (2) hardness (3) coefficient of re
stitution (4) malleability ($) tensile strength. 

34. If the gravitational force should suddenly become 
greater, clocks regulated by a s. lmple pendulum would 
(1) not be affected .(2) gain time (3) lose time 
(4) stop (5) run erratically, first fast, then slow.. 

The period of a simple pendulum is (1) directly
proportional to the amplitude (2) Is inversely pro
portional to the amplitude (3) is directly propor
tional to the length (4) is inversely proportional 
to the length (5) Is directly proportional to the 
square root of the length. 

36. The specific gravity of silver ls 10.5. The density
of silver ls .( 1) 21 g/cm3 (2} 10.5 lb/in3 (3) 5.25 
g/cm3 (4) 10 .•5 g/cm3 ($) 10.5 lb/ft3. · 

37. twenty... five cubic. centimeters of !.ron has a mass of 
195 grams. The dens I t .y ot thl s iron In g. rams per 
cublccentimete~ls (1) .78 (2) .128 (3) 12.8 
(4) 7._ 8 ( 5.) 48.75. . 

38. A coil spring which stretches 15 em under a force 
of 300,000 dynes has a spring constant of (1) 20,000 
dynes/em (2} 2 dynes/em (3) 20 dynes/em (4) 
2,000,000 dynes/em (5) 200,000 dynes/em. 

39. lf the length of the beam pictured at 
the rlght ls doubled while all other l 
factors .remain the same,; the amount,, ~ . _ 
of bending . (d) will be ( 1) doubled .d~-=---- ~~ 
(2) 4 times as great (3) 6 tlmes as~ ~~-=~-----
Qreat ( 4.) 8 t tmes a. s. great
{5) 10 times as great~ 

If a coil spring stretches 5 em under a load of 100 
gms, under a load of 250 gms tt will stretch (1) 12 
em (2) 12.5 em (3) 15 em (4) 17.5 em (5) 20 em. 

41. The top of a table Is four feet above the floor. How 
much work Is done in holding a 100 lb weight 2 ft 
above the table top for 3 minutes? (1) 0 ft lb 
( 2) 100 ft lb ( 3) 200 ft lb (4) 300 ft lb (5) 600 
ft lb, 
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45. 

46. 

47. 

48. 

49~ 
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A certain fit""st class lever ls 10 ft long. The 
fulcrum ls located 2 ft from the resistance end. 
The !deal or theoretical mechanical advantage of 
this lever ls ( 1) 0 • . 2 {2) 2 (3) 10· (4.) 4 
L5) 5. 

A$ ft lever with the fulcrum 1 foot fr~m one end 
requires a 5 lb force to lift a 20 lb weight • . The 
upward force exerted by the fulcrum or pivot is ( 1)
4 pounds (2) 20 pounds (3) 5 pounds (4) 25 pounds
(5) too small to be measured•. 

The mechanical advantage of a ·single fi'xed pulley is 
(1) 1 (2.) 2 (3) 1/2 · (4) 0 (5) none of these. 

The mechanical advantage of a single movable pulley 
l s ( 1} 1 ( 2) 2 ( ,3) 1/2 (.4) 0 ( 5) none of these 

The theoretical or !deal 
mechanical advantage of the 
pulley syst.em shown . is 
<o 1/4 (2 > 1I 3 <3> 3 
(4) 4 (5) none of these. 

w 
The mechanical advantage of an incline plane that is 
lOft long a.nd 4ft high ts (1) 0.4 {2) 2.5 (3) 4 
(4) 6 ( 5> 40. 
A pulley system with a mechanical advantage of 4 ls 
used to move a load up an incline plane which has a 
mechanical advantage of 10. The mechanical advantage
of the combination ls (1) 0,4 (2) 2.5 (3) 6 
(~. ) 11+ (5) 40.. 

A 1000 lb pile driver ls held 20 feet above a piling
which ls to be driven into the ground.. What energy
does the driver have with reference to the piling?
(1) none while lt ls being held stationary (2) 20 
ft lb (3) 50 ft lb (4) 1000 ft lb (5) 20,000 ft lb. 
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A machine does 4000 ft lb of useful work. lt its 
efficiency ls 80%, the ln~ut is (1) 3200 ft lb 
(2) 4000 ft lb (3) 4800 ft lb (4} 5000 ft lb (5)
5600 ft lb .. 

It required a. horizontal force of 40 lbs to slide a 
200 lb box a distance of 10 ft across a floor in 4 
seconds. The work done is ( 1} 200 lb x 10 ft 
{2) 200 lb X 10ft. (J) 40 lb X 10ft

· 4 sec 

( i!.) 2Lt-O lb X 10 ft ( 5) 200 lb x 1.~ _sec4 $0C - 'li:o lb x 1o rt: 
By the expenditure of 720 ft lb of work, a 180 lb 
object may be lifted (1) 1/l~ ft (2) 4ft (3) 180 
ft (4) 720 ft (.5) to any desired height lf enough
pulleys are used. 

A 3300 lb car ls driven up a hill which has a verti
cal height of 200 ft in 30 seconds. What horsepower
fs requfred7 .(1) 0.5 H~, p · (2) 6 }t.P. (3) 20 H. P . 
(4) 40 H.P. (5) 22,000 H.P. 

~. ' ' ' t , , 

•' ' • • r f 

·. :. ·: -~ 
A 

Three identical oak blocks are stacked on top of one 
another as shown ln A. A horizontal force of 15 lbs 
!s required· to move them at a constant velocity 
along a horizontal surface. lf they were arranged 
with one block behind the other as shown ln B, the 
hor!zontai force needed to move them along the sur ... 
face with the same cpnstant velocity as before would 
be (1) 5 lbs (2) 15 lbs (3) 30 lhs (4) 45 lbs 
(5) impossible to predict. 

A horizontal forc·e of 10 pounds is just enough to keep 
a block of wood moving along a horizontal surface. 
If the coefficient of friction between the block and 
the surface . ts 0.25, the weight of the block ls (1) 
10 lbs ( 2) 12 • .$ lbs ( 3) 20 lbs (4) 25 lbs (5)
40 lbs. 

A box weighing 200 lbs slides down an incline wlth a 
constant velocity. If the incline Is 5 ft high and 
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60. 

61, 

62. 

...a... 
10 ft long as shown the coefficient of fr.tctlon be
tween the surface of the plane and the box is (1)
.50 (2) .58 (3) .. 43 (4) .87 (5) none of these 
is correct. 

A 10 lb weight and a 5 lb weight are dropped from a 
height of 200 ft. Just before they strike the gr_ound 
( 1} t he 5 1b we ight has the greate st energy ( 2) the 
10 lb weight has the greatest energy (3) they both 
have the same energy (but not ze ro) (4) they both . 
have zero energy t5) no statement can be made con
cerning their relative energies. 

A toy car has a mass of 10 kilograms and ls movtng
with a velocity of 5 meters/sec. What kinetic energy 
does it possess? ( n 25 joules (2} so joules (3) 
125 Jou 1e s ( 4) 250 j ou 1e s (5) 500 Jou1es. 

Questions 59, 60, and 61 
refer to the diagram in 
Figure A showing a weight 
of 300 lbs attached to a 
movable pulley of negli
gible weight whtch is )0
raised by means of a drum lbs 
of 6 inches radius wlth a 
crank handle 2 ft long. It 
requires a force of 50 lbs 
at the end o·f the crank to 
raise the weight. 

The ·theoretlcal or ideal mechanical advantage of 
this apparatus ls (1) 4 ( 2) · 6 (3) 8 (4) 4 rr 
( 5) 12. 

"The actual mechanical advantage is ( 1) 2 . ( 2) 2 ( 3)
3 (4) 6 (5) a. 
The efflclency is ( 1) 66 2/3% ( 2) 20% (3) 87%!4) 92% (5) 75%. 

An automobtle is traveling at a velocity of 20 mlle.s 
per hour. If it is accelerated to a velocity of 60 
miles per hour the kinetic energy possessed by the 
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car { 1) remains the same ( 2) doubles '( 3) 1 s three 
times as great (4} Is 6 tlmes as great (5) ts 9 
tlmes as great. 

63.. Neglecting friction, what effort must be exerted to 
lift a .3240 lb load uslng a jack screw whl ·ch has 3 
threads to the lnch and a handle which moves ln a 
circle having a .circumference of 9 ft 1 ( 1) 10 lb 
( 2) 90 lb ·( 3) 120 lb ( 4) 1080 lb ( 5) none of 
these. 

64. The statement. that the frtctlon :force ts directly 
proportional to the square of th'e velocity t• a 
part \ al dese~lptlon of ( 1) fluid friction in 
laminar flow (2) fluid friction in turbulent flow 
(3) ~ermlnal 'velocity (4) rolling frletlon (5) the 
combtnatlon of rolling and slldlng friction. 

65. A load of two pounds Is supported by a .3 foot length 
of c~pper wlre having a cross se.ctlonal area of 
0,000081 ln2.t lf Young•s modulus for thls wlre ls . 
19 x : to6 lb/~n2., the elongation ;produced ln the wlre 
by UHs load ls: ( 1) 0.0050 Inches (2) 0.0179 inches 
(j) Qj.03.31 Inches (4) 0.0468 inches (5) 0.0607 
lnehets. 

http:Qj.03.31


APPENDIX 0 

Heat Test* 

Student's Name__________________Scho01_. --------------

1. According to the present theory, when an object is 
heated, its molecules (1) increase tn slze (2) ex
ert greater attractive forces for one another (3)
acquire a greater average energy (4) are crowded 
more closely together (5) exert stronger repulsive 
forces for one another. 

2. The freezing and boiling points of pure water are 32 
and 212 degrees, respectively, on the (1) absolute 
scale (2) fahrenh.ett scale (3) celsius scale (4) 
centigrade scale (5) rankine scale. 

).. A blackened body is a good thermal (1) conductor 
(2) insulator (3) radiator (4) reflector. 

4. An example of an internal combustion eng1ne ls (1) 
a Diesel engine (2) a steam turbine (3) a steam 
engine (4) a nuclear reactor (5) all of the above. 

100 ml of pure water w-!11 ( 1) weigh the most at 0°E: 
(2. } weigh the most at 4°C (.3) weigh the most at 32oc 
( 4) weigh the most at 39.2oc (5) wetgh the same at 
all temperatures as long as lt remains a liquid. 

6. The British Thermal untt is a unit of (1) temperature
change (2) absolute temperature (3) expansion (4)
quantity of heat. (5) pressure change. 

1. The specific heat of a subs.tanee ts numerically equal 
to the number of calorles tequired to ( 1) raise the 
temperature of one gram of the substance 1°C (2)
change one gram of the substance trom a solid to a 
liquid (3) change one gram of the substance from a 
liquid to a gas (4) change one gram of the substance 
from a solid to a gas (5) raise the temperature of 
one pound of the .substance 1°F. 

*This test was originally made for the Wlsconstn Physics 
Film Project. Permission was granted to use it In the 
Oregon Physics Film Experiment. 
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B. The more rapid evaporation of water on a day when 
the relative humldlty is low shows tha.t the rate 
of evaporation depends on the ( 1) te.mperature ( 2)
alr· pressure above . the liquid (3) air movement 
above the liquid (4) amount of the llquld vapor 
present In the air (5) surface exposed to the air. 

9. The formation of lee is accompanied by (1) an ab
sorption of heat (2) a temperature increase (3) a 
decrease ln volume (4) a ·temperature decrease ($) 
a release of heat. 

10. The quantity of heat needed to melt one gram of a 
substance without change &n temperature ls called 
(1) the spectt!c heat of the substance (2) the 
melting point ot the substance (3) the heat of 
vaporization of the substance (4) the heat capacity
of the substance (S) the heat of fusion of the 
subs jlj nee. 

In q~stlons 11 through ao select from the key below 
the lf~rm whtch. is most closely related to the state
ment In t~e question. 

KEY-
(1) Conduction 
(2) ae·tlectlon 
(3) Convection 
(4) Evaporation 
( 5) Radl.a.tlon 

11. Burning your hand by touching a hot -steam radiator. · 

12. A method of heat transfer which requires differences 
ln densltles within the material. 

13. The use of aluminum foil between the walls of a 
house wlll make the house cooler tn the summer and 
warmer tn the winter. · 

14. Method of heat transfer ln a metal rod. 

15. Most important method of heat transfer in liquids. 

16. A hot breeze may seem cool to a swimmer who has Just 
come out of the water. 
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17.. A method of transfer of heat (or thermal energy)
dt rectly from o·ne molecule to another. 

18. Heat loss not mlntmtzed by having a vacuum. space 
around a thermos bottle. 

19 . The collection of hot water at the top of a hot 
water tank. 

20. A room with walls heated to 80°F m~y feel comfortable 
even though the .temperature of the air ·In the rooms 
is only 500F, while another roo.m whose walls and .a!r 
are both at a temperature of 50°F will feel cold. 

21. Bodies of water help to m<Sde~ate the clltnate because 
(l) heat is given off when water evaporate .s (2) the 
speclfle heat of ·water ls relativelY. large (3) the 
warmest water is always found at th~ surface (4) 
water ls a good conductor of heat (~) water has a 
very high coefficient of expansion. ' 

22. If the same amount of heat energy ls applied without 
loss to two dlffer$nt substances of the same mass 
and lnlttal temperature their final temperature may
be different ..· This Is because ( 1) they may differ 
in density (2) one may absorb more heat than the 
other (3} they may have · different coefficients of 
expansion (4) one may be a bet. ter conductor of heat 
($) one may have a higher specific heat. 

23. Increasing the pressure on a block of lee at 0°C will 
(1) raise the temperatura of the lee (2) raise the 
melting point of the· tee · (3} decrease the molecular 
activity tn the tee (4) lower the melting point of 
the tee (5) cause no change in any of the charac
teristics mentioned above. 

24. The principle of most dtrect s!gnlflcance ln the 
operation ot a .mechanical refrigerator ls ·that ( 1) 
evaporation !s a cooling process (2) cooling re
sults when a vapor expands against the attractive 
forces between the molecules . (3) It is Impossible 
to convert heat wholly lrtto work (4) the volume 
occupied by a given mass of gas is inversely pro
portional to the pressure applied. 

25. As the temperature of a pipe ls increased, the in
ternal diameter of the pipe (1) remains the same 
over a wide temperature range (2) increases as the 
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temperature increases (3) decreases as the temper
ature lncrea$es (4) is unrelated to any change in 
temperature which may occur. 

26. A Carnot heat engine ts (1) a steam engine developed
by Carnot (2) an early type internal combustion en
gine (3) a new type gas turbine (4) a theoretical 
engine. whleh operates with maximum possible effl
cieney between two heat reservoirs. 

Z7• Strips of iron and copper are rtvlted together to 
form a compound bar whlch ls straight at r~om tem
perature. The coefflclent or linear expansion of 
tron Is . 000012 per °C and that of copper ts 
•.000017 per °C,. When heated the bar w! 11 ( 1) bend 
so that the copper Is on thE! inside or the curve 
(2) bend so that the Iron is on the inside of the 
curve (3) r·ematn straight as long as it ls not. 
heated above the melting point (4) ·bend either way 
depending on the extent of heating. 

28. A liquid bolls at 150°C when the pressure ls 1 
atmosphere. lf the pressure ls increased, the tern.. 
perature at which the llquld bolls (1) will be de
creased (2) will remain the same (3) wlll be in
creased C4) may increase or decrease depending on 
the nature of the liquid. 

~&A?9a~~eaw~~l!flv~u~:!tf~tt~ro,t58~t.~~~~~!~~~ ~~to 
a room whose temperature .Is 70oF. As this air wa·rms 
up (1) its absolute humidity decreases and lts re
lative humtdl ty lncrease.s ( 2) both 1ts absolute and 
relative humidity increase (.3) its absolute humid
ity decreases and tts relative humidity remains con• 
stant {4) both lts absolute and relative humidity
decrease (5) I t ·s absolute humtdl ty remains consta,nt 
and its relative humidity decreases. 

tt a ga.s expands without gaining heat from. or los
ing heat to its surroundings, lt is certain that 
( 1) 1ts pressure will increase ( 2) l ts tempe .rature 
will decrease (3) its tet~tperature will be unchanged 
(4) lts temperature wlll increase ~ ($) lts relative 
humldl ty will decrease. 

31. Ice 1 s formed flr ·st at the surface or a body of 
water because {1) water at the freezing point ls 
less dense than water that ls slightly warmer 
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32. 

33. 

35. 

36. 

37. 

(2) the weight of t .he water on top keeps the water 
at the bottom warmer (3) water is a poor radiator 
.of heat (4) water has a high specific heat (5)
evaporation cools the water at the surface more 
rapidly than below the surface. 

or the following substances, the one at the lowest 
temperature would be (1) a mixture of salt and 
fee (2) liquid air (3) "dry ice" (4) llquld
helium. 

If the . volume of a gas !s kept constant, its pressure
will (1) vary directly with Its absolute temperature
(2) vary inversely with its absolute temperature
(3) remain constant over a wlde range of temperatures 
(4) vary directly with lts Fahrenheit temperature
(5) vary inversely with its Centigrade temperature. 

The specific heats of common . metals are (1) all the 
same (2) a measure of the intensity of heat of the 
metal (3) the number of calories present ln tne 
metal (4) always a small whole number (5) gener
ally less than 1 calorle/gram/°C, . 

Wh~n a wet~-bulb and a dry-bulb thermometer both read 
15 F the tielatlve bumldtty ls approximately ( 1) 0~ 
(2) 251: 0.3) 50~ (4) 75% (5) 100%.. 

~ 
The generatl gas law can be correctly g.lven by the 
formula ) 

(3) = P2V2P1V1 tl T2 

(5) P1V2 = P2V1 
~ ~ 

T2 Tt 

The compression of a gas ts ·adiabatic lf (1) the 
temperature !s lowered during compression (2) no 
heat ts removed or added from an outside source 
(3) the temperature is held constant (4) heat ls 



38. 

39. 

. 41. 

42. 

43. 
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remove d as fast as it is formed (5) heat ls added 
from an outside source. 

When a geyser first begins to erupt, hot water over
flows at the orifice and this is followed by a rush 
of st~am mingled with hot water. The first ove rflow 
of hot water alds tn the production of steam,. be
cause (1) less water needs to be heated (2} more 
water can seep into the fissure f r om the surrounding 
rock s ( 3) the lower the pressure, the lower the 
tempei'ature at which !iteam ls produced (4) tt 
raises the pressure and more steam ls ·produced {5)
the water which overflows is necessarily below 
212°F in temp~rature. 

A gram of lee at -l00°C ls heate d ·until 1t becomes 
steam at a temperature of 200°C. During this pro• 
cess the pressure fs kept constant at 76 em of mer
cury. The greatest amount of heat ls absorbed when 
the (1) temp~rature of ice !s raised from -100°C 
to 0°C ( 2) lee. l·s changed to water at 0°C ( 3) 
temperature of the water ls ra l sed fr.om 0°C to 100°C 
( 4 ) water changes to steam a t toooc ($). t e mp1t rature 
of the steam .is raised from 100°C to 200oc 

The Diesel ~nglne differs from the automoblle engine 
in that the -Diesel engine ( 1) ·operates at h.lgher 
temperatures and pressures (2) has a power stroke 
(3) uses a retarded spark (4) requites no intake 
stroke (5) ls an internal combustion engine • 

A llqul d wU 1 boll when ( 1) 1ts t ,emperature is 
100°C (2) the vapor pressure is 76 em of mercury 
(3) molecules of vapor are able to escape from the 
surface (4) the vapor pressure ·Of the liquid is 
equal to the .at.mospheric pressure on the liquid
surfa.ce (5) the temperature of the liquid equals
the temperature of the vapor. 

The ,mechanical equivalent of heat is ( 1) the heat 
required to run a machine (2) the heat given off 
by a machine {3) the amount of mechanical energy
which can be transf,ormed into or produced by a unl t 
quantity of heat energy (4) an amount of heat 
equivalent to one horsepower (5) the heat required 
to raise the temperature of one gram of water one 
degree Centigrade. · · 

81 calories of heat is the amount of heat necessary 

http:surfa.ce
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49. 
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to (1) raise the temperature of 1 gram of lee at 
-1°C to 0 degrees C (the tee l$ not . melted ln the 
process) (2) raise the temperature of 80 grams of 
water 1 q~gree Centigrade. (3) raise the tempera
ture of one gram of water one degree Centigrade
(4) raise the temperature or one gram of lee at 0°C 
to water a.t 1°C ($) melt 81 grams of tee .. 

The theor:etlcal diagram 'of a Carnot cycle consists 
.ot (1) two isobars and two lsothermals (2) an 
adiabatic, two lsothermats, and an isobar (3) two 
adtabatlcs and two lsothermals (4) an isobar and . 
three adlabatles (5) two Isobars and two adiabatlcs. 

45° Centigrade tg equivalent to (1) 57°F (2) 113°F 
(3) -7°F (4) 49 F (5) 138.6°F." 

A temper.ature of 77°F ts equivalent to (1) -23 4/9°C 
.(2) 25°C (3) 40 5/9°C (4) 60 S/9°C (5) 81°C • 

•
The coefflclent of linear expansion :>f steel ls 
.000012 per degree c. The volume of a sphere ls 
4/3 n- r3. If a student needed the volume coefflclent 
of exfanstort of steel to use lrt a problem, he would 
use 1) 3 tlmes .000012 ( 2) 4/3 times .000012 
(J) (.000012)3 (4) the same coefficient as ln the 
linear case {.$) a table of volume coefficients of 
expansion since it ts not related to the linear 
coefflctent. 

lf 30 calories chang~ t..he temperature of $0 grams · of 
a substance from zoOc to 40°C~ the specific heat of 
the substance ls (1) 0 .015 (2) 0.03 (3) 0.1 
<4> 0.6 {5) 1.. 0. 

A certain metal rod has a coefficient ot linear 
expansion or 0.00002 per 0c. tf lt ls 50.000 em 
long at 20°C., what will be its Increase in length
when heated to l00°C1 (1) .005 em ,(2) .0016 em 
( 3} •000 l em ( 5) •08 em. 

lf the temperature of a fixed volume ot gas ls 0°C, 
the temperature to Which the gas must be raised to 
approxlmately gouble l~ (1) 2o Centi. the pressure
grade (2) 100 Centigrade (3) 273 Absolute 
($) none of the above .. 

Heat is being conducted through a short metal rod 
between two bodies at constant temperatures T1 and 
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T2. If the length of the rod ts doubled the rate of 
heat transfer will be (1) doubled (2) reduced to 
1/2 as great (3) reduced to 1/4 as great (4) un
changed (5) changed but ln an unpredictable manner. 

52. 100 grams of water at o0c are mixed with $0 grams of 
water at 90° c. Assuming no loss of heat, the final 
teroperature of the mtx0ure will be ( 1} 10°C (2)
40°C (3) 45°C (4) 30 c (5) 6o0 c. 

53. The heat required to raise 50 lb. of water from 40°F 
to 80°F i .s ( 1) ,$0 aTu•s (2) 40 BTU's (3) 1.25 
BTU's (4) 4000 BTU's (5) 2000 BTU's. 

The amount of heat required to melt 10 grams of ice 
at 0 c, heat the ·water to 100°C, and change It to 
steam at that same temperature 1~ ( 1) 7,200 cal
ories (2) 1800 calories (3) 2,800 calories · {4) 
1000 calories ; ( 5 ) 14,400 calories. 

't.• 

55. If 40 calories of heat are required to vaporize one. 
gram of a sub~tance at 110oc, then l.t follow$ '. that 
{1) 20 ealorl~s will be required to vaporize one 
gram of the substance at 55°C (2) 40 calor.es wlll
be required to convert one gram of the vapor to 
liquid (3) ~he temperature of the vapor mu~t be . 
higher than that of the liquid · (4) 40 calories 
will vaporize one gram of the substance at .100°C 
(5) 40 calories of heat will be released when one 
gram of the vapor condenses at 110°C. 

56.. Th~ air in a certain room contains 4.3 gratns of 
water vapor per cubl<: foot at 72°F., ·tf the eapaclty 
of the air Is 8.6 grains per cublc foot at this 
temperature, the relative humidity ls ·(1) 86% 
(2) 43~ (3) 5o" (4) 20% C5) 72%. · 

57. A 50 em .rod ex8anded 0. 1 em in length wh~n t.t was 
heated from 25 C to 95°C.. The coefftclent of 
linear expansion of this rod is approximately (1) 
.0000714 per degree C ( 2) ·.0002 per degree C 
{3) .0000286 per degree C ·(4) .00143 per degree C 
(5) .000286 per degree C. 

58. The amount of heat· lost by 2 lbs of a metal whose 
· speclfl.c heat I$ 0 . 1 BTU I lb .. / °F ln cooling .from 

170°F to 70°F is ( 1) 100 calories ·( 2) 200 calories 
(3) 200 STU (4) 20 BTU (5) 100 BTU. 

http:calor.es
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$9. C represents a centigrade 
· thermome·ter and x a· ther ... -- BP 
mometer on which the boil
ing point of water at 76 ems 
pressure has been marked 
185° and the freezing point
25°. When the centigrade
thermometer reads 20 , th·a 
corresponding reading T' on 

c5 --FP-the x thermometer ts 
( 1) 57° (2) 37° (3) 20° 
(4) 67° (5) 5~0 • 

60. A liter of dry air Is measured at 20°C . If the 
pressure is kept constant, what volume Will this 
amount of ~as occupy at 0°C? (1) 1073 ml . (2)
9.32 'ml (3) 980 ml (4.} .2$0 ml . (5) 500 ml, 

6!. A Carnot engine operates between the temperatures
of 300°C and 'l00°C. The eff'lc!ency of the engine ls 
(1) 35% (2) .33% (3) 30" (4) 50" (5) 67%• . 

62. 100 gram -copper calorimeter (specific heat 0,.09) at 
· a temperature of 15 degrees Centigrade contains 

200 grams of water at 15 degrees Centigrade. A 
300 gram mass of an un.known metal at a temperature
of 100 degrees Centlg·rade is plunged into the water. 
The final temperature of the water and metal ts 
34.7 ~degrees .c. The spe-ctf'lc heat of the unknown 
metal is (1) .t210 (2) .302 (3) .201 (4) .630 
(5) .603. 

63 . A certain home has a furna ce with a rated output
of 100,.000 BTU's per hour. If all of the heat 
energy released in this furnace could be converted 
to mechanical work lt could do work at the rate of 
(1) 778 foot ltbs per hour (2) 778 foot pounds 
per minute (3) 100,.000 foot pounds per hour (4) 
1,.297,000.foot pounds per minute (5) 100,000 foot 
pounds per minute. 

64. The highest waterfall ln the world Is Angel Falls 
tn Venezuela, with a height of 3212 - ft~ If all of 
the potential energy which is lost In falling Is 
converted into heat energy, the temperature ot the 
water belov the falls is a.bout 
(1) 32°f' higher than that at the top of the falls 
(2) 7.. 8° F higher than that at the top of the falls 
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( .3) 4.1° F higher than that at the top of the falls 
(4) .25° F higher than that at the top ot the falls 
(5) .78° F higher than that at the top of the falls 

65. A piece of plate glass wlth a coefficient of thermal 
conductlvtty of .003 is .75 em thlck and has an area 
of 10,000 square centimeters. If the temperature on 
one side of t he glass is 20 degrees centigrade and 
that on the other side Is 0 degrees centigrade, the 
rate of heat tr.ansfer by conduction through the glass 
ts (1) .0000045 cal/sec (2) 1.125 cal/sec (3) 
2 cal/sec (4) 450 cat/sec (5) 800 cal/sec. · 
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Ele~trtcity Test 

Student's Name___~________School______ 

1. An ampere measures 
( 1) 6. 24 x 108 ·electrons. 
(2) one coulomb. 
(3) 1 volt per second. 
(4) coulombs per second. 
(S) electrical resistance. 

2. In Ohm's Law 
( 1) The current ls tnver$ely proportional . to the 

voltage. 
(2) the current is directly proportional to the 

resistance. 
(3) the current ls not proportional to the voltage. 
(4) the current ls directly proportional to the 

veil tage •. 

3. In a J:arallet clrcutt containing three resistances 
of 4, i6, 10 ohms respecti.vely, · If 5 additional 
ohms l(eslstance is added tn parallel to the others 
(1) tlie total reslstanee or the clrcuft ls increased. 
( 2) tHe total rest stance of the cl rcul t . 1s decrease d. 
( 3) t~ere· ''Will be no ·change in resistance. 
(4) ncre ~f the above. 

t ·~ _t • 

4. When r~slstances are connected in series 
. (1) tHe total resistance equals the sum of the 
lndlvidual resistances. 
( 2) the vo 1tage across a 11 is the same. · 
(3) the total current ln the line is greater than 

tn parallel connection. 
(4) the current dlvldes according to resistance. 

S. The charge on a capacitor 
(1) ls Independent of plate area. 
(2) depends on line current. 
(3) increases with better conductors for plates. 
(4) Increases with a decrease in the distance between 

plates. 

6. A device used to change a.c. current to d.c. current 
is called a 
(1) transformer. 
(2) alternator. 



163 
-2

(3) generator. 
(4) autocharger .. 
( 5) rect lfler. 

7 . . The material used In a dry cell to prevent polar~ 
lzatlon or stoppage of current due to hydrogen
production is 
{1) zinc. 
(2) carbon. 
(3) manganese dioxide. 
(4) ammonium chlorlde. 
(5) water. 

8. The resistance of a wire that ts twice as long and 
twice the diameter of a wire ot the same material is 
(1) two times the previous resistance. 
(2) one-fourth the p~evtous resistance. 
(3) ~o change tn resistance. 
(4) one-half the previous resistance. 
(5) three times the previous resistance. 

9. The addition of another appliance to a household 
clrcult connected ln paralle·l may blow a fuse 
because the 
(1) resistance is increased making .the ltne hotter. 
( 2) the voltage increa se puts more ~·pressure on the 

line causing more current to flow. 
(3) the momentary surge of current caused by in· 

ductlve effect of the additional resistance is 
too high. 

(4) the resistance ls lowered causing more current 
to flow. · 

10 .. A transformer ts used to 
(1) change a.c. current to d.c. current. 
(2) change d.c. current to a.c. current. 
(3) amplify d.c. current. 
(4) decrease the back emf of the circuit. 
(5) increase or decrease voltage tn an a.c. clrcu!t. 

11. The amount of voltage induced in a cot 1 does not 
depend on the following 
(1) the rate of change of the magnetic field. 
(2) the no. of turns of wire on the coil. 
(3) the speed of rotation of the coil. 
(4) the amount of resistance tn the llne. 
($) the correct answer is not given above. 

12. A charged electroscope will gradually discharge 
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(1) because of alr currents. 
( 2) because stat i .e charges are weak, ' .. 
(3) becatise static electricity tendJ to neutrallte. 
(4) because cosmic rays discharge tt. 

13. · If the t!u~lde of a Leyden jar has a high negative 
charge, the ou-tside .· 
(1) Will . ~lso have a hlgh n~gatlve charge. · 
(2) will have a small poS~~tlve charge, 
(3) will have a high positive charge. · 
(4) will have l}O eha rge. · 

14. · A flow of electrons in a wire !~ called 
(1) conductance. , 
( 2) current. 
(3) resistivity. 
(4) amperes. · 

1$. Parallel circuits are used In house wtrlng because 
they 
( 1) us·e less current. · 
( 2) · have uniform, Voltage. · 
.(3) produce hlgh resistance. 
(4) costs less money to install. 

16. ln a series circuit the 
(1) current is constant. 
(2) voltage is constant. · 
(3) resistance is constant. 
(4) none of the above. 

17. Resistance of 2, 3, and 4 ohms : in parallel produces 
a total resistance of 
(1) 12/1 3 ohms. (3) 24 ohms. (5) none of the 
(2) 9 ohms. ( 4 ) 1/10 ohm. above. 

·!I 

18. · If a Wheatstone bridge balances at 25 em, the known 
R ts 100 ohms, the unknown resistance is 
(1) 25 ohms. 
{2) 33 1/3 ohms. 
( 3) 50 ohms • . 
(4) 75 ohms. · 

19. · Cutting a magnet ln half 
(1) destroys the magnet. 
(2) has no effect. 
(3) makes two magnets.
(4) none of the abov.e. 
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Keeping the current constant tn a wire and Increas
ing the number of turns of wl.re around a soft Iron 
core 
(1) causes the resistance to drop. 
(2) causes the lron to heat up.
(3) causes an increase in the magnetic field 

strength.
(4) has · llttle or no effect. 

An ampere ls a unit of current strength in 
(1) the CGS system. 
( 2) the MKS system•. 
(3) the English system. 
(4) all of_ the above systems. 

Two lamps wl th a resistance of 50 ohms .and 100 ohms 
respectively are· connected in parallel to a battery.
The curren-t is 
(1) greater in the So ohm lamp. 
( 2) greater in the 100 ohm lamp .. 
(3) same in both lamps.
(4) none of the above answers are correct. 

The product of amperes x 'time is equal to 
{1) watts. 
(2) volts. 
(3) coulombs. 
(4) joules. 

In the formula W=12Rt, •r 1 Is tn amperes, R In 
ohms, and t ln seconds, Wstands for 
(1) work ln ergs. 
( 2) watts of power. 
( 3 ) work In f t • 1 b s, 
(4) Joules of work. 

When a conductor cuts through .magnetic 1 ines of 
force 
(1) the magnetic field Is weakened. 
(2) an emf. is produced In the conductor. 
(3) nothing unusual happens. 
(4) resistance in the wire decreases. 

D. C. generators take current from the armature by 
means of 
(1) a conductor joined to the armatures. 
(2) self induction. 
(3) sllp rings and brushes. 
(4) breakwr points. 
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2.7. An .induction motor runs only on A.. C. and contains 
(1) no brushes. 
(2) no magnets.
(3) no wires. 
(4) no practical value. 

28. A stepdown transformer with a ratiq of 20 to 1 
whlch runs on 120 volts produces how many volts ln 
the secondary?
(1) 6 volts. 
(2) 2400 volts. 
( 3) 140 vo 1t s. 
(4) 100 volts. 

29. Two lamps with resistances of 50 ohms and 100 ohms 
respectively are connected ln series to a battery.
The current Is 
( 0 greater in the 50 ohm lamp. 
(2} the same in both lamps. 
(3) greater in the 100 ohm lamp~ 

30. Units of capacity and inductance are respectively 
(1) volts and ohms. · 
(2) henries and mllllhenrles. 
(3) farads and henries. 
(4) microfarads and amperes. 
( 5) none o:f the above .. 

31. Substance that are feebly repelled by a magnet are 
said to b~' 
(.l .) p.a· ram. net. 1. e.g.(2) nonma · etlc. 
(3) dlama etlc. 
(4) magnetic.
(5) none of the above. 

32. The amount of any metal that Is deposited by an 
electric current is 
(1) inversely -proportional to the length of time 
the current flows. 
(2} Directly proportional to the strength of the 

current tn amperes. 
(3) inversely proportional to the electrochemical 

equivalent of the element. 
(4) dependent on the thickness of the electrodes. 

33· The standard cell most frequently used ls 
(1) zinc voltaic cell. 
(2) ordinary dry cell. 
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(3) lead storage battery.
(4) weston voltaic cell. 

The following Is not an advantage of the Edison 
storage cell . 
(1) half as heavy as the lead ce11 of equal capacity. 
( 2) efficiency ls g.reate r and Internal res .l stance 

lower• 
(3) mechanically stronger.
(4) not injured by rapid charging and discharging. 

35. The follGwing is not part of an A.C. getiera"tor . 
.( 1) ffeld electromagn~ts .. 
(2) capacitors
(3) armature 
{4) sip-rings and brushes 

36. Electrical potential ls measured· by a 
( 1) ammeter. 
(2) wattmeter. 
(3) voltmeter. 
(4) watt-hour meter. 

37. To compute the impedance of a load circuit t'o the 
flow of alternating current tt ts not necessary to 
consider and combine the following factors 
(1) resistance of the circuit. 
(2) capacitive reactance. 
(3) inductive reactance. 
(4) voltage of the elrcult • . 

38. The ratio betweea the a.ctual wattage and the apparent 
wattage of an alt¢rnating current ctrcuit 
(1) ls the apparent wattage. 
( 2) l s the power factor. · 
(.3) is the Impedance of the circuit . 
(4) ls always greater than one. 

39. When a north pole of a magnet picks up a string of 
nails, each nall becomes 
(1) a south pole. 
(2) a north pole. 
{3) a magnetic material. 
(4) a mlnature magnet wlth a south and north pole. 

40. The source of the electrons in an electron tube !s 
( 1) the cathode. 
(2) the grtd. 
(3) the plate.
(4) tube gas. 
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41• 

42. 

43. 

41+. 

45. 

46. 

47. 

-7 ... 

the newest crystal development that is replacing 
many electron tubes ls 
(1) a catwhlsker wire. 
(2) transistor. 
(3) pure germanium crystals. 
(4) purified carbon crystals. 

x~rays were discovered by 
(1) The Curies. 
( 2) Flemtng., 
( 3) Edison. 
(4) Roentgen. 

An electroscope can be used to 
(1) generate an electric current. 
( 2) measure the voltage tn a conductor. 
(3) measure magnetic field strength.
(4) detec~ a static charge.
(5) measu~ current flow through a conductor. 

Th. e unit .{sed to express electrical resistance was 
named in ~onor or 
( 1) Vo-lta:. 
( 2) Ohm. 
( 3) Ampere. 
(4) Faraday. 1 
( 5) Frankl ln. t .. 
The solution tn a lead storage battery cell is 
( l) ammonium chlorl de. 
(?) distilled water. 
(3) copper sulfate. 
(4) sulfuric acid. 
(5) hydrocyanic acid. 

The component In an electrical circuit that tends to 
keep the current flowing tn the original direction 
when the current ls suddenly reversed Is the 
( 1) resistor •. 
(2) condensor. 
( J.} colt. 
(4) electron tube. 

To determine the nor·th pole of a bar magnet, you
(1) note the color. 
(2) test each end with Iron filings. 
(3) suspend the magnet as a magnetic compass needle.
C4) wetgh the magnet.
(5) find the center of mass of the magnet. 
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48, A factGr whlch does not help determine the electri

cal resistance ·or any wl.re ts 
(1) the temperature. 
( 2) length. 
(3) material. 
(4) cross sectional area. 
(5) the frequency of the current. 

49. Which of the following ts used to store electri
cal energy? 
( 1) ammeter. 
( 2) solenoid. 
(3} condenser. 
(4) vacuum tube. 
(5) voltmeter. 

So. As the distance between the electrodes of a voltaic 
cell is increased the available current 
( 1) increases. 
( 2) decreases. 
( 3) stays the same. 

51. The type of electric current delivered to a power
line by a generator wlth a commutator ls 
(1) direct. 
(~H indirect. 
(3) alternating.
(4) neutral. 
(5) rol tate. 

52. The type of electric current delivered to a power
line by a dynamo with slip rings is 
( l) direct. 
(2) lndlreet. 
(3) alternating. 
( 4) neutral. 
(5) roltaic .. 




