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THE VALUE OF LABORATORY WORK IN THE NATURAL SCIENCES
FOR STUDENTS IN PROGRAMS OF GENERAL EDUCATION

CHAFTER I
INTRODUCTION

General BEducation

Most of the current programs in higher education
are either part of general or special education. While
it would be relatively easy to give a definition for spe-
cial education as essentially vocational training for the
various professional and sub-professional occupations, it
is quite another task to find an acceptable definition for
general education. In its broadest sense general educa-
tion could be defined as that part of a student's educa-
tion which will help him to be an intelligent and respon=-
sible member of society. In a narrower sense general ed-
ucation has become a more definite and meaningful curricu-
lum pattern in the sovebal disciplines of learning and is
receiving ever wider recognition and acceptance. General
education, to still another group, has only a vague mean-
ing which they associate with purely descriptive survey
courses, hence some of the opposition to general education
from both the special and the liberal arts education
proponents (31, pp.51«57). Actually it need not be a

choice between general and speclal education at all, but
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rather a recognition of the faect that present-day living
requires both the breadth of a general education and the
specialization which is almost necessary to vocationsl
success in a complex technological age.

For those who lock %o liberal education as the so-
lution, it might be pointed out that liberal education,
per ge, has lost 1ts historicsl meaning in our modern so=
clety where most of its students will hardly enter a life
of intellectuszl leisure as a separate class of free men.
In prectice, ironically, we find many of the libersl arts
institutione competing in the fields of specialized studies.
For the purpose of this discussion at least, though con-
currence can readily be found, liberal education or at
least its lower division portion will be taken to be co~-
equal with general education or its modern extension to a
society where freedom and an opportunity of an education
are the prerogatives of all of its members. The gensral
education movement could in a sense be looked upon as the
gswinging of the pendulum back towards unity from its re-
cent position of extreme diversity under the elective

aystem which accompanied the rise of svecial education.

general fducation in the Hatural Sciences

Narrowing the concept of general education down more

specifically to the natural sciences it could be considered
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as the science education of the "non-scientist" or the gen=-
eral students who are interested in the natural sciences
only to the extent of obtaining a more intelligent under-
standing of their natural environment and a cul tural appre-
ciation. The great advances of the natural sciences over
the last few centuries and their ever-widening impact dur-
ing the last few decades upon soclety as a whole would also
seem to demand an ever better acquaintance on the part of
its mnmborq with the natural sciences as part of their
general education.

Eerlier in this century it became spparent that most
of the established single science courses, because of their
professional emphases and lack of breadth, did not fulfill
the needs of the general student. Many thought the answer
was to be found in survey courses in each of the two
branches of the natural sciences (31, pp.56-57). With the
great and ever-expanding body of knowledge represented by
these two areas, the frequent attempts in survey courses
to cover the ﬁhole field frequently resulted in a very super=-
ficial approach to the subject.

Recent trends indicate that the survey-type course
is definitely on its way out and we find & number of other
approaches gaining in favor, among them the historical and
a more intensive and integrated study of selected topics,

while others are working on adaspting single science courses
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to the purposes of general education. With the course

organization and toplc selection left to individual in-
stitutions and instructors this has in effect led to many
different programs which, however, may only be a natural
concomitant of any new and experimental program. These
courses are nearly all terminal in nature, however, and

do not in themselves pose a serious problem except that
high scholastic standards should remsin the watchword for
all of them. The numerous reports of symposia, colloquia,
surveys, and bibliographies sppearing in the literature by
those engsged in teaching the physicel sciences are proof
of the existing interest in the problems of general educa-
tion courses in the natural sciences. Many of these re-
ports also point to the great need for more evaluetion of
these courses, which is especially difficult due to their

broader aims and lesser emphasis on factual knowledge alone.

Laboratory Work in General Education icience Courses

If one were to single out the one most important
factor which contributed to the great advance of the natu-
ral sciences over the last few centuries, it would likely
be laboratory experimentation. It is, therefore, only
reasonable that individual laboratory work is requisite to
the training and education of all seientifiec workers.

While it would be readily agreed that the education of the



specialist and of the general student of science will
differ greatly in some of its aspects, there needs to
remain a common ground in their education if they are to
be mutually helpful. It would seem that the laboratory,
the wellspring of most scientific knowledge, might well
provide this ideal common ground. Kruglak (39, p.184)
states:
I do not believe it 1s possible for a

student to understand what science is like,

what sclentists are like, without some first-

hand experience with the objects, tools, and

me thods of science used in the laboratory.

Most science teachers do agree that individual lab-
oratory work is an essential part of any study of the nat-
ural sciences including programs of general education, and
a majority of the institutions which offer these courses
have laboratory work in conjunction with them (34, p.71).

The position of laboratory work in the training of
scientific workers has already been stated and is not the
subject of this study except for the observation that a
reappraisal of the orthodox procedures is long overdue
and steps to make it more meaningful and in keeping with
the spirit of science have been taken by numerous workers
as can be seen both from the literature and from personal
observation. Has not laboratory work in many instances
been relegated to just plain "busy work"? Some even re-

fer to 1t as academic peralty. Certainly in many cases

work is carried on with complete "cook book" instructions
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aimed at confirming already known facts with an often un-
warranted stress for precision and under supervision of
assistants who at times lack in interest and experience.
While the described situation is by no means a falr repre-
sentation of existing conditions, it is certainly also
true that such laboratory work will be even less satisfac~-
tory to the needs of general education. All laboratory
work should, whenever possible, allow for some spirit of
inquiry and creativeness demanding both the powers of ob-

jective observation and logical reasoning.

Statement and Importance of Problem

Because the general education approach is a very
recent trend as compared, for example, with liberal educa-
tion, one might well question its present and future in-
fluence. Bullington (13, p.272) in answering for the
natural sciences says: "General education science is
rapidly occupying a2 position of importance in college
curricula. It is growing in prevalence, popularity, and
respectability. "

Coupled with the fact that a majority of the in-
gstitutions offering general education science courses have
some form of laboratory work, as has already been stated,
the place of the laboratory in general education becomes

an important issue.



In the summary chapter of his work Sclence in

General Education, McGrath (48, p.392) in discussing the

laboratory says that

One of the unanswered questions about
sclence for students who do not expect to pur-
sue a scientific career concerns the amount
and kind of laboratory work they should have.
Though there are some stout defenders of the
idea that such instruction can be dispensed
with in general education, the majority are
of the contrary opinion.

Entrekin (27, p.276) in an article with the same
title as McGrath's concurs, and in addition suggests some
reasons for the omission of laboratory work at some insti-

tutions:

The problem of laboratory work for gen-
eral education in seience is one on which there
is a great diverpgence of opinion. In the mea~
jority of cases some type of laboratory work
is offered. In many institutions where labor-
atory work is not included, i1t is the lack of
physical facillties and staff rather than lack
of belief in its importance that has been the
determining factor.

A physical science work group of 29 representa-
tives on the same problem of the plasce of the laboratory
recommended as one of their proposals (29, p.181)

That a study be made of the value of
individual laboratory experience in attain-

ing the objectives of science courses in

general education as contrasted with the

cost of setting up such facilities in terms
of money, space, manpower, and time.

Kruglak (39, pp.197-202) states that "HEvaluation

studies on laboratory work in General Education are
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practically non-existent.” In his summary he points also
to the urgent need for experimental investigations on lab-
oratory teaching and concludes that

Until more valid information becomes
available the quality of laboratory work will
continue to reflect the moods and opinions of
administratores end teachers rather than the

needs of students.

The purpose of this study is to determine if indi-
vidual laborstory work in the physical sciences contrib-
utes to the over-all aims of general education. For this
purpose it is believed that the objectives for general
education science courses formulated by the Science Com=-
mittee of the Evaluation Study of the American Council on
Education (33, pp.133-134) which sre discussed in the next

chapter are as good a summary of the aims as can be found

and are, therefore, considered to be valid for this study.



CHAPTER II
DESIGN OF THE STUDY

Location and Subjects

The study was conducted during the 1953-54 school
year at the Oregon College of Education in Monmouth and
the Southern Oregon College of Education in Ashland. Both
institutions can be considered to be representative state
teachers colleges witﬁ regular school year enroliments of
about five hundred or more students and with the majority
of the students enrolled in elementary education. The
reasons for conductiﬂg the study at two institutions were
to increase the size of the sample and also to minimize
the perscnal factors by having two differﬁnt instructors
at separate institutions.

The basis for this study was a course in the physi-
cal sciences which in the curricula of the institutions
is considered to be an integral part of the general edu-~
cation program rather than part of the professional edu-
cation (53, pel). The course is described in the general
catalog (54, p.58) of the Oregon College of Education as
follows:

Sc. 201 ,202,203. Foundations of Physi-

cal Science. 3 hours each term. A course

in the elements of the branches of physical

science, i.e., astronomy, chemistry, geology,

meteorclogy, and physics. Study of the de-
velopment of these fields from their earliest
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historical beginnings to their present-day
positions and effects on society. FParticular
emphasis is placed on the development of sci~
entific attitudes. Two lectures; 1 two-~hour
laboratory period.

While the course is essentially an outgrowth of
the earlier survey type approach, both instructors agreed
on & more intensive rather than extensive emphasis by
limiting the number of topics in each of the five branches

and avoiding overlapping with geography and mathematics.
The gulding objectives used for this course may be

divided into: (57, p.1l5)
A. General objectives

l. To acquaint the students with the
true aims of scientific endeavor.

2. To show the interrelations of the
various branches of physical scilence
which will enable students to ob-
tain a unified picture of thelr
physical environment.

B. Specific objectives

l. To provide the fundamental back-
ground necessary to an understand-
ing of the basic principles covered
in the different branches of the
physical sciences, an understanding
which should lead to greater appre-
ciation and enjoyment of their phys-
ical surroundings.

2. To provide an opportunity for stu-
dents to work in an actual labor-
atory situation which will impress
them with the need for objectivity,
honesty, accuracy, and thoroughness,
thus acquainting students first hand
with the methods of the natural sci-
ences.
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During the summer of 1953 the respective instruc-
tors at the two instituticns jointly planned the detaills
for conducting the course. Agreement was reached in the
selection of a text (15), a laboratery manual (58), audio-
visual aids, and perallel lecture and laberatory assign-
ment schedules for the whole course. Collateral reading
in the current periodical literature was a regular part
of course assignments. The students were also expected
to perform during each term a laboratory project of their
own selectlon. 4 more complete outline of course organi-
zation and laboratory work may be found in the literature
(59). Personal visits by the writer, and correspondence
between the instructors kept the programs at the two in-
atitutions as nearly parallel as possible. It should be
pointed out, however, that certaln differences did exist
such as class sizes which were determined by individual
teaching loads, and course examinations. Though agreement
was raachsd 1n point of view on testing, each instructor
constructed his own examinations for actual course per-
formance evaluation, and only the two selected tests for
the study were administered under ldentical conditions
for pre-~test and post-test differences.

In this study no attempt was made to evaluate the
more tangible laboratory outcomes such as acquaintance

with manipulative techniques, basic procedures, apparatus
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and equipment, because these are evident outcomes of any
laboratory work as has been shown by several investigators.
Nor were lecture demonstrations used in competition with
individual laboratory work for it was felt by the instruc-
tors of the course that lecture demonstrations, though a
very valuable supplement to a natural science course are
not a substitute for individual laboratory work. This lat-
ter question has also been the subject of numerous other
investigations.

A majority of the students also were taking con-
currently or had already completed a course in Biological
Science Survey. A smaller percentage had also completed
a one term course in Foundations of Mathematics. These
differences plus those of their high school backgrounds
and mental abllities are some of the variables which were
not taken as factors into the study. From the data ob~-
tained on the backgrounds of these students, however, it
can be said that the groups were a falrly representative
cross section of students found in general education
science courses.

It was also decided to bring a third institution,
Oregon Stato'Colloge, at Corvallis, into the study for
comparison but not in a parallel participating manner with
the other two institutions. The equivalent course, entit-
led Physical Sclence Survey, is offered at Oregon State

College under a different course number, GS 104-6. It
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carries four hours credit each term and has a different
laboratory program. However, the same text was used, with
a simllar essignment schedule, and the same pre- and poste-
testing program as at the cther two institutions was car-
ried on,

For a further and more complete description of the

student groups see Table I.

Procedures

Section assignment and testing.

At registration time during the fall term all stu-
dents registering in the course signed up for one of the
regularly scheduled lecture sections and were assigned to
corresponding laboratory periods. The choice of lecture
section was determined in the usual manner of coordinating
the students' programs so as to avoid schedule conflicts
and with the usual attempts to balance the sections.

About 100 students thus were signed up at registration
time at each of the two cooperating institutions.

During the first week of classes none of the labor-
atory sections met and all students took the two selected
tests as part of the pre-testing program during the first
two regular lecture periods., After the tests were con-
cluded but before processing them the instructor met with



TABLE I

DESCRIPTION OF STUDENT GROUPS

1y

SOCE 03C
Lab. Lect. Lab. Lect.

N 22 29 2l 37 29
Sex

M 27.3 bi.h 37.5 45.9 34.5

F 72.7 58.6 62.5 Sh.1 65.5
Class

Fresh. 22. 7 17.2 70.8 70.3 20. 7

Qther 9.1 17.3 16-7 8. 1 27.6
Ed. M‘Jor 90.9 960 6 91. 7 86. 5 620 1
Course GPA 2 k& 4 e 23 2.28 2. 29 2o 87

N+ 22 26 23 34 27
ACE Dec. Av. 6 6. 5 h,‘ u L‘-- 8 5. b

Flgures for sex, class and major are per cent.
#Number for which ACE information wss evailsble.
#tFigure for 0SC not comparable to others as explained in

Chap ter IV.
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the Coordinator of Instruction to determine by the toss of
a coin which of the two lecture sections was to have the
regular laboratory program while the other would have a
lecture period in its place.

The classes in eech institution were then conducted
throughout the year in as simllar a manner as possible as
previously outlined. All of the regularly enrolled stu~
dents took the post-tests during the last week of the
spring term. The losses from the original enrollment to
the final figures given in the study were due to a number
of causes such as students dropping the course, withdraw-
ing from school, needing only oné or two terms to complete
the sequence, or in a few unavoidable cases changing sec~-
tions, but by far the largest loss was due to a terminating
three-year program in elementary education in the state for
which only one term of the sequence was required. Only the
results of those students who completed the year's program

in their respective sections were used in the study.
Selection of objectives and tests.

Because of the greater diversity in general education
science courses between institutions, their evaluation is
more difficult thean is the case with specialized science
courses which are much more uniformly conducted and for

which naticnal professicnal groups have established
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stenderdized tests,

Certainly the selection of appropriate aims or abe
Jeetives muet precede the cholee of any evaluating lnstru-
ments, At this point one ean sither use a list of object-
ives from personal experience, philosophy, and local clr-
cums tances &s has slready bhesn glven, or look about for
recognized established lists which are the result of cone
gsidered composite opinion of experienced workers in the
flield. It was felt that the latter apprcach would be the
more widely ascceptahle s=olution. As one searches the lit-
erature for estsblished lists, one finds that some of the
basic works on general education such &g the Report of the
Harvard Committee (31), the Report of the President's
Commisgsion on Higher Eduecation (69), the Yearbook on Gen-
eral Education by the National Scciety for the Study of
Education (50), and the more recent and specific work on
Genersl Educaticn in Science (16) do not have any concise
statement of objectives. Bullington (13, pp.269-270)
found from his very comprehensive survey that about 75
different objectives were in use by the 720 institutions
investigated, which he grouped intoc seven categories.
MeGrath (48, pp.386-391) in his volume on 22 general edu-
cation science programs at as meny different institutions
found that mest institutions had a 1list of about eight or
ten objoctiveé but that most of them could be classified
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under a few major headings. From his discussion, also,

cne can discern about seven.

The Selence Committee of the Evaluation Study of

the American Council on Education, in attempting to ar-

rive at specifie objectives for general education science

courses, presented the following list to a group of some

thirty teachers in the field at a Conference on General

Education (33, pp.133-134).
To develop in the students:

1.

2.

3.

5.

6.

Te

Knowledge of facts, laws and prin-
eiples in the body of subject
matter studied.

Ability to apply the science know-
ledge he possesses to new problems
and situations.

Ability to analyze scientific data
summarized in maps, tables, curves,
charts, grephs.

Ability to recognize the need for
additional scientific knowledge in
a new situation, and the ability
to acquire it.

Understanding the point of view
with which a scientist approaches
his problems, and the kinds of
things that he does.

Ability to read and evaluate pop~-
ular writing on scientific devel-
opments.

Willingness to face facts, to
revise judgments and to change
behavior in the light of appro-
priate evidence.
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8. Understanding the role--develop~-
ment, importance and limitations--
of sclence in the modern world.

T™is liet which 1= representetive of the current
trend snd was also compatible with the existent programs
gt the two institutions of the study was therefore con-
sidered to be valid for the purposes of this study.

The writer feels that the contributions of individ-
ual laboratory work to the above objectives may be found
in the following menifestations:

1. A knowledge of facts, etc., more firmnly fixed
by the copportunity of experiencing concrete
illustrations in the laboratory.

2., A real opportunity to apply the science know-
ledge in the laboratory in the performance of
the regular assigned experiments and the spec~
ial student-planned experiments performed dur-
ing each term.

3. A real opportunity to analyze scientific data
summarized in maps, tables, curves, charts,
and graphs not only by the actual interpret-
ative use of existent materials but alsc by
conatiucting some of these devices on the
basis of experimental data.

4. A possibly better recognition of the need
for additional scientific knowledge and the
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abilities and methods for acquiring it.

5« 4 real understanding of the point of view with
which a sclentist approaches his problems in
the performance of laboratory experiments
which require periliodic decisions by the stu~
dent, and certeinly of the kinds of things he
does.

6. An enhanced abllity to read and evaluate popu~-
lar writing on scientific developments by an
operational acqueintance with some of the basie
units, terms, tools, and procedures of the
practicing scientist.

7+ 4An opportunity toc encounter laboratory situa-
ticns which will require msking decisions on
the basis of experimental facts and not juut
routinely confirming already known facts.

8. A better understanding of the role of science
in the modern world on the basis of personal
discovery of at least some of the elements
involved in scientific development.

The directions for the laboratory experiments used

in this study were thought to represent an approach which
would aid in the development of student achievements in

accordance with the listed objectives.
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The next step, obtaining a test or tests for the
evaluation of these objectives also resolves itself either
in constructing such instruments or selecting from avail=-
able standardized tests, and again 1t was felt that the
latter course, if possible, would be much more generally
acceptable. For this purpose a search of avallable tests
from testing organizations, publishing houses, and pro-
fessional organizations was made. At this time it came
to the writer's attention that some tests had just been
released by the Cooperative Study of Evaluation in Gener-
al Education of the American Council on Education. This

series was entitled A Test of Sclence Reasoning and Un-

derstanding, and had been in use for a special study by

a group of 22 colleges which were selected partly on the
basis of being fairly well representative of American
Higher Education (3, p.VI). Spesking of the committees
working on the tests in this series, Mayhew (46, p.l1ll5)
says that "This combinsticn of teacher and evaluator has
produced test materials which are respectable from &
technical stendpoint and acceptable to teachers, ™

Form Ae--Fhysical Sciences was sclected from this
group of tests as best sulted for this study. Efforts to
cbtain complete information including item analysis were
unsuccessful though the latter i1s of no great importance

as no change in the test was contempleted. Some date
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pertaining to the reliability and validity of the test
were found in the Instructor's Manual (4, pp.8,12). The
Reliability Estimate with the Kuder-Richardson Test for
pre-testing with 439 freshmen hed an r value of .71, Un-
der validity the relationship of this test with the ACE
Psychological Examinstion was given among other tests with
the following resul ts:

CORRELATION COEBFFICIENTS

No. of No. of Correlation
Colleges Students Lowest Highest Averages#
Pre-Tesgt
(Fell, 1951) 8 1,010 » 37 « Th « 56
Post-Test

#Averages were computed by means of the Z transformation

Study No. 7 given in the Finsl Report of the Coop~-
erative Study of Evaluation in CGeneral FEducation of the
American Council on Eduecation (5, pp.132-133) is of inter-
est because it shows the influence of a biclogical science
course background. The summery of this study is here re-
peated.

At one college the Test of Science Reeson-
ing and Understanding in Physicel and Bicloglesl
Science was used with both ths biological and
physicel science courses over the same year per-
iod, Both groups mede significant gains om both
tests, but the gain made in each course on the
test related to that area was significantly
higner than that in the other course. The indi-
cation is clearly that achievement of the objec-
tives of science reasoning and understanding
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involve both knowledge of or familiarity with
the material and ability to reason in 1it.

The selected test was a 45 minute multiple choice

test consisting of 55 questions which are based on five

reading selections from the different areas of the phys-

ical sciences. The problems in these selections were as

follows:
1.
2.
3.
le
5.

Carolina Bays - 13 questions
Cloud Seeding - 13 questions
"freon 21" - 12 questions
Heat Theories - 12 questions
Space Travel - 5 questions

This test and the others in this series having been

devised by the same organization which compiled the list

of objectives adopted for this study was, of course, es-

pecially designed to evaluate these objectives. The em=

phasis of these tests 1s pointed out in their description

(s pPoly)s

The Tests of Science Reasoning and Under-

standing sre designed Lo measure the extent Lo
which u%u

dents can

l. apply science knowledge to new prob-
lems and situstionsa.

2. read and eveluate newe articles and
popular writings on scientific de-
velopments.

3. understand the point of view with
which a scientist approaches his
problems, end the kind of things
he does.
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This particular group of criteria was decided upon
because it was felt that they would measure the outcomes
in terms of the objectives of general education with the
exception of the factual content matter of the course
which is quite variable and for which other tests are com-
mercially available. With this background of information
in mind a second test was selected to measure this latter
outcome which covers then, in particular, the first and
only remaining of the eight stated objectives. This sec-
ond test is one of the Cooperative Tests entitled A Test
of General FProficiency in the Field of the Natural Sciences.

Form Y of this latter test was used in the fall and
the alternate Form Z in the spring. These tests cover for
the greatest part the physical sclences and are divided
into two parts as follows!

I Terms and Concepts 15 minutes

II Comprehension and Interpretation 25 minutes

For the former Test of Science Reasoning and Un-

derstanding Form A was used at both times as no alternate

forms were available, but in a personal communication
(47) from the Assistant Director of the Cooperative Study
of Evaluation in General Education of the American Coun-
eil on Education he stated: "Qur own experience, how=-
ever, provides us with assurance necessary to use the

same form on a pre-test and on a post-test basis. The
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same form practice effect is minimal."
All forms of the tests used are appended to this
8 tudyo

Limitations

In summary it should be pointed out that either by
design or by existent conditions this study was delimited
in the following respects:

l. It attempted to evaluate only the contributions
of individual laboratory work to the objectives
of general education science courses accepted
for this study.

a. It did not attempt to evaluate the more
tangible outcomes of individual labor-
atory work such as acquaintance with
basic scientific equipment and tech-
niques.

b. It did not attempt to evaluate the con-
tributions of lecture demonstrations.

2. The differences in scholastic background and
abilities of the students were not subject to
control.

3+« The overall number of students included in
the study presents a limitation in the size
of the sample.
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5.

6.

7.

8.

25
The laboratory and lecture groups may not have
been entirely commensurable due to inherent
scheduling procedures.
It was not feasible to keep the size of the
lecture sectlons qt the two institutlions con-
stant.
The selected instruments may not have been a
true measure of the desired outcomes.
The fact that only two lnstructors with their
particular personalities and teaching methods
took part in the study imposes a limitation.
The geographical separation of the institu~
tions at which the study was conducted pre-

vented more frequent consultation.
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CHAPTER III

RELATED STUDIES

The earliest records of man's inquiry into his
natural environment show the association of natural philo=-
sophy with the observable and experimental. The Greek
word physis meaning nature referred to the observable
phenomena of the environment as opposed to the metaphysi-
cal. The very growth of this branch of knowledge from
its beginnings in Greece and in Alexandria, where evidence
hes even been found of the existence of student labora-
tories under the Ptolemies in the third century B. C., to
the present is closely associated with experimental in-
quiry.

During the Scholastic Period when reliance was
placed on the suthority of established knowledge, almo;t
no progress wes made except for some work in human ana-
tomy under secular direction (73, p.494).

The great advance since the Renaissance is clearly
sssociated with the experimental approach, in fact one of
the greatest exponents of this period, Leonardo Da Vineil,
(45, p.428) stated it clearly when he said:

In treating any particular subject I

would first of all make some experiments, be~
caugse my design is first to refer to experiments
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and then to demonstrate why bodies are con-
strained to act in such manner. This is the
method we ought to follow in investigating
the phenomena of nature.

Practically no laboratory work accompanied early
science teaching in this country when the sciences were
a part of natural philosophy and the technical aspects
of the natural sciences were not even considered digni-
fied enough to be included in the liberal arts curricu-
lum.

In 1768 James Smith was appointed the first pro-
fessor of chemistry and materia medica at the College of
the Province of New York later Columbia College (74, p.T6).
John Maclean is believed to have established the first
chemical laboratory for under-graduate instruction soon
after his appointment at Princeton in 1795 (60, p.5120).
Though there were several other institutions which at-
tempted student laboratory work earlier, it was not until
the latter part of the 19th century that individual lab-
oratory work became firmly established. |

This latter success was partly due to the estab-
lishment of new technical schools such as the Massachusetts
Institute of Technology in 1861, and of special scientific
schools at already established institutions. The passage
of the Morrill Act in 1862 for the promotion of agricul ture
and the mechanical arts, the founding of scientific organ-

jzations such as the American Chemical Society in 1876,
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and the inspiration of such great teachers as Louls Agas-
giz further contributed to this success.

From the time of general acceptance of individual
laboratory work to the present, few attempts have been
made at the college level to evaluate its effectiveness.

Today dissatisfaction is quite general and Cruick-
shenk (19, p.15) expresses it thus:

The general practice in the universities

at present is to follow orthodox procedure that

has come down unchanged in essentials since the

institution of teaching lasboratories just prior

to 1870. With its standardized experiments,

laboratory manuals, and general dullness, this

method is too familiar to need description.

Studies on laboratory methods in the natural sci-
ences on the secondary level were made earlier and are also
more numerous than at the college level but this discussion
will 1imit itself primarily to papers on the college level.

No record was found in the literature of a prior
experimental study of the contributions to the objectives
of general education made by laboratory work in an inte-
grated physical science course. A number of studies in
the separate branches of the natural sclences have been
reported and inasmuch as they sre an integral part of gen-
eral education courses, though with different emphases,
they are of interest.

A few papers though not in the nature of actual ex-

perimental studies are included in the following
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chronological account because it was felt that their per-
tinence aids in presenting a more complete picture of the
laboratory situation.

Colton (17) in 1921-22 appears to have made one of
the earliest recorded studies of natural science labora-
tory methods. A group of 96 pre-medical students enrclled
in a zoology course at the University of Pennsylvanias were
divided into two groups, one of which received intensive
laboratory work for training while the other received ex-
tensive laboratory work for information purposes. An es-
pecially constructed test showed no significant differ-
ences between the two methods and Colton concluded that
instructors should have their own choice of laboratory
me thods.

Bowers (10) in 1924 with much smaller groups of
elementary chemistry students at the State Teachers (ol-
lege in Colorado tried to show that laboratory work aids
in "fastening" information. With two sets of questions,
one on material presented only in the text, and the other
also covered by laboratory work, he showed that as time
passed the retention was much greater with the latter
questions.

Hurd (35) in the period from 1926 to 1928 conduc~
ted a number of studies in the Medical School and the
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Department of fhysics at the University of Minnesota. He
found no differences in achievement in a human anatomy
class 1f two or four students worked on a single cadaver.
With a ¢lass in human physiology he found that an in-
creased amount of laboratory work showed superior achleve=-
ment which could not be equaled by less laboratory work
and an equal number of hours in the library. PFrom his
studies with physics students it i1s of interest to note
that he found raised achievement with items assoclated
with laboratory activities; however no evidence was found
for other class activities. He (35, p.18l) also stated
that no valid criteria for psiring students for experimen-
tal work were found.

At about the same time Noll (51) conducted some
studies at the University of Mimnesota in the teaching of
chemistry. In regard to the effectiveness of laboratory
work he, too, found that general achievement consistently
inereased with the amount of time spent in the laboratory
though the differences were not very significant.

Payne (55) reported in 1932 on a study on the rel-
ative values of lecture demonstrations versus individual
laboratory work with first year college chemistry students
at Transylvania and three other colleges, which indicated
better progress with the demonstration method, but he also
states that the study did not produce uniformly
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significant results.

Duel (25) in another physics study at the Univer-
sity of Minnesota from 1930 to 1934 on the measurable
outcomes of laboratory work for one term of mechanics,
found no statistically significant differences in echieve~
ment or scientific aptituds between the groups having two
hours of laboratory work per week and those having no lab-
oratory. The manipulative skills of the laboratory groups
were of no value in subsequent terms.

Burgdr (8) reported in 1935 on a variation of the
lecture demonstration method called the class participa-
tion method which he claimed to have used succesafully
since 1915 and for which he c¢laimed superiority in regard
to information and its retention.

Havighurst (32) in 1935 made one of the early ref-
erences to survey courses in the natural sciences and re~
ported their increased use and that most of them were only
a few years old, with many of them having been given for
the first time during 1935.

Schlesinger (65) of the University of Chicago séirr,
one of the pioneering institutions in the fileld of general
education, in a contribution to a symposium on lecture dem-
onstrations versus individual laboratory work of the Ameri-
can Chemlical Society at its eighty-ninth meeting in 1935

recommended the use of individual lesboratory work for
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students in general education who deserve every possible
aid in learning to see, to think, and to act. He further
stated that with these functions as the chief aims for
both future specialists and students of general education
"it would never be supposed that lecture demonstrations
can be anything but & poor substitute for individual lab-
oratory exercises.”

Elder (26) in another report from the same symposi-
um, however, stated that the lecture-demonstration method
wae well suited for students whose interests were not in
the sciences. 1In his conclusions he stated the need for
experimental studies.

Cooke (18) in 1938 suggested another intermediate
answer to the controversy of lecture-demonstration versus
individual laboratory work by describing a laboratory pro-
cedure with pupil demonstration.

Rosenbaum (64, p.568) described in 1939 some spe-
cific experiments for a physical science general course
and stated that

Within recent years the development of

new general ("survey") courses in the physical

sciences has brought with it many problems,

among which 1s the question of laboratory work.

Al though many institutions have evaded this

problem, there is general agreement that some

sort of laboratory work is highly desirsble,

for otherwise students memorize definitions

and generalizations without adequate recogni-
tion of their observational background.
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Adams (1) in 1942 reviewed the work by Sheerar on
objectives of general chemistry laboratory work and a
two-year investigation by E. O. Smith into the relative
advantages of the individual laboratory and the demonstra-
tion methods as measursed by laboratory performance exam=-
inations. Unfortunately the monograph containing the
original articles was found to be unavailable but sum-
maries of these two studies from the review by Adams fol-
low.

Sheerar in replies from 94 institutions in 38 states
found better than 66% espproval and thus acceptance of the
following proposed objectives:

Chemistry laboratery instruction should:

2. dovolop the ability to make obser-
vations, interpret and draw conclu=-
sions from observed facts,

b. develop the ebility to use simple
scientific instruments and manipu-

lative apparatus,

c. develop the ability to keep & record
and write a satisfactory report,

d. develop the attitude of drawing
conclusions only from cbserveble
or accepted data,

e. develop the habits of accuracy,
honesty, self-reliance, cleanliness,
and orderliness in the laboratory,

f. satisfy the student's curiosity and
provide experience to develop latent
interests,

g+ provide opportunity for instruction.
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Substantial agreement with the above objectives 1s
indicated by an even more extensive survey conducted by
Adams htmsolf.

Be Oy Smith felt that the usual paper-snd-pencil
tests do not measure lsboratory achievement and therefore
fail to indicate eny marked differences between the dif-
ferent methods of teaching. He found that in laboratory
performance tests the students having had individual
laboratory work perform consistently better.

Thomas (68, p.379) in 1943 made some suggestions
for the improvement of laboratory work in chemistry to
keep it more nearly in the spirit of the scientific method
by:

a. inecluding an unknown whenever possible.

b. avoiding detailed directions.

c. segregeting questions of background and

experimental results.

d. not giving results of experiments 1in advance.

e, utilizing results for further work.

Stewart (67) in 1945 discussed the need for crea-
tive experiences in general education and 1llustrated how
it could be met with an experiment in physies.

Roller (63, pp.390-391) in a Colloguium of College
Physicists at the State University of Iowa in 1946 gave a

1ist of "Some essential features snd uncommon objectlves
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of a physical science course for the general student”:

l. General education courses should be especially
designed for that purpose.

2. The physical sciences are so important in our
culture that they should be included from
kindergarten to college.

3. Physics is the most logical choice as a core
for such a course.

4. The course should be selective~~-analytic in
epproach and not comprehensive--descriptive.

5. Genuine and especially designed individual
laboratory work should form an integral part
of the course.

In 1946, Cunningham (20) in one of the most recent
reviews of studies on the problem of "Lecture Uomonstrn-‘
tions versus Individual Laboratory Method in Science
Teaching” summarized that for immediate results the dem-
onstration method is superior while for delayed results
the individual lsboratory method had i slight advantage.

Rogers (61, p.8l1l) in 1947 agein expressed the
existing dissatisfaction with laboratory work when he
stated that "We need to make of our laboratory, through
our attitude and the student's, a place of scientifiec
work--not an intellectual housing slum.

washton (72, p.288) reported in 1948 on a survey
of liberal arts colleges in which he found that nearly
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half had sclence survey type courses with the majority
having no laboratory work and concludes "Individualized
laboratory work iz costly and no one has been able to
substantiate all the worthy claims that are supposed to
result from laboratory instruction.”

Ahman (2) reported in 1949 on an experiment con-
ducted at Iowa State College in 1946 during the immediate
post-war period when that institution was forced to con=-
duct some of thelr chemistry classes off campus at Camp
Vodge. Because the physical facilities at these two loca-
tions were quite different, an experimental situation was
set up for inorganic chemistry where on campus the usual
program was carried on of two l-hour lectures, two l-hour
recitations, and one 3~hour laboratory period while at
Camp Dodge a combination recitetion-laboratory method of
three 2-hour periods per week was tried. The students
enrolled in this course were freshman engineering stu-
dents. Though the students on the meln campus under the
regular program were slightly ahead 1n achievement, the
difference was not statistically significant end the in-
stitution found meny desireble features associated with
the experimental progran.

Rogers (62, p.604) in 1949 in e discussion of
general education science courses which included his

proposal of a Block-and-Gap Scheme of presentation of
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sub ject matter also made this statement:

Preaching at students a unique scientific
method (devised by Francis Bacon) gives a stulti-
fied picture of sclentific procedure which they
may rightly reject as unreal. We should do bet-
ter to have them find that science uses a variety
of apparatus and techniques and then see that a
problem can be investigated from several points
of view-~thus finding, in these senses, many
scientific methods.

Sorum (66, p.4l68) in 1950 in discussing the imple-
mentations of a report by a special Committee on the Teach-
ing of Science and Mathematics composed of seventeen sci-
entific and educational organizations in cocoperation with
the American Assoclation for the Advancement of Science
cites point 8 as follows:

It is urged that men in the scilentifiec
profession~--whether it be medicine, agriculture,
engineering, or industrial chemistry--insist
that in their communities science be taught as
a laboratory science.

While this recommendation is obviously aimed at
the public schools, it would be difficult to imagine that
it epplies the less to college general education scilence
courses.

Bullington (12) in 1950 sampled student opinion
of nearly 300 college freshmen at two liberal arts insti-
tutions, one without laboratory work and the other with
laboratory work during alternate weeks. Eighty per cent
of the latter group expressed themselves that they would

like the same or more laboratory time, while slightly
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over sixty per cent of the former group felt that labor-
atory work should be introduced.

Curtis (22), one of the better-known authorities
of the country on science education, in a brief review of
the subject in 1950 made a plea for the retention of in-
dividual laboratory work. He pointed out that the studies
were too few with the number of subjects too small and
treatment inadequate in most cases to be convincing of
the purported values of the demonstration method.

Bullington (14) in 1951 in a comprehensive ques=-
tionnaire survey on general education science courses al-
ready referred to, pointed out the increased use of lab-
oratory work from 25-41% in the thirties to 68% and even
higher for teachers colleges. He also reported 22 stu-
dents as median size for science laboratory sections.

Entrikin (27) reported in 1951 on a visitation
trip made possible by a Carnegie Foundation grant which
enabled him to confer with teachers at more than fifty
institutions of higher learning, and from his observations
listed as the three outstanding problems those of securing
good teachers, the question of lesboratory work, and me=-
thods of evaluation.

Kruglak (42) of the University of Minnesota in the
first of a series of papers on laboratory teaching in
physics presented in 1951 a list of behavior objectives
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for leboratory instruction. He grouped these into six
me jor categories as follows:
I. Instrumentel Skills
II. Skills in the use of controlled experiments
III. Problem-solving skills
IV. Miscellaneous skills
V. Functional understanding of principles.

¥Wall, Xruglak, and Trainor (71) reported in 1951
on some work with laboratory performance tests in physics
for which they found a better sgpread of grades, motiva-
tion, and measurement of instructional cutcomes than with
the usual paper-and-pencil tests.

Barbour (7, p.566) in 1952 discussed the subject
of integration as an objective for general education
physical science courses. He listed the following aims
for the course at Kalamazoo College which included lab-
oratory work:

1. Understanding of some of the important facts
and principles upon which modern science rests.

2. Insight into some of the basic methods used
in sclentific investigation:

a. Experience in observation, particu-
larly the "controlled experiment."

b. Experience in critical thinking and
logical analysis.

¢. Apprecietion of the way in which
science has developed.

3+ Insight into the relation between science
and other areas of life.
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Cohen and Watson (16) in 1952 édited the papers
presented at a Workshop in Science in General Education
held st Harvard University during the summer of 1950.
Included are some reports on the expsrimental programs
in general education at Harvard University which consisted
of five lower level courses, four in the physical and one
in the biological sciences, on which reports had previous-
1y been released. In addition to these lower division
courses several general education sclence courses for
upperclassmen at a "Second Level” are briefly described.
Kruglak (38), in another study in 1952 compared
the individual leborstory method with the demonstration
method with a group of non-technicsl students in mechanics
and found no statistically significant differences between
the two methods except with laborstory performence tests.
In extending this study to studente without laboratory
work Kruglask (37) obtained essentislly the same results
of no ltltis'tically significant differences in tests on
theory but sgignificant differences on laboratory tests.
Morrell (49, p.80) in s psper presented at the
122nd Meeting of the American Chemical Soclety im 1952
spoke of the increase in interdepartmental sclence
courses for general education purposes and stated that
such courses need not be superficial. He 1llustrated
his statement by describing the course at the University
of Illinois.
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Perlman (56) reported in 1953 on a study of the
sdvantages of a contemporary problem solving method over
an historical spproach and concluded that laboratory can
be used to advantage in general education physical scil-
ence courses at the college level without loss of subject
matter achievement. He also found no difference between
the problem solving and the lecture~demonstration methods.

Kruglak and Carlson (43) reported in 1953 on one
of their studies on performance tests in physics in which
they found that the groups with laboratory work were su-
perior to the no-laboratory group in tests dealing spec-
ifically with laboratory material, but no differences
were observed in tests on theory. They also found the
conventional laboratory method superior to the demonstra-
tion method and recognized some instructor differences
under certain conditions. Their conclusions were that
probably written tests are not a substitute for actual
performance tests and that further refinement of the
measuring instruments was needed.

Blick (9) reported in 1953 on a study conducted
at the University of Connecticut over a period of three
years using three different schedule patterns in teaching
general chemistry. He found the commonly used two one-
hour lecture periods, one one-hour recitation, and one

three~hour laboratory period per week superior to programs
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having elther more lecture or more laboratory periods with
the same totel number of credit hours for the course.

Henshaw (34, pp.74=75) reported in 1953 at the
Annual Meeting of the American Association of Physics
Teachers on his personal observations at 16 institutions
and catalog reference to 13 additional liberal arts col-
leges on the status of laboratory teaching in general
education courses. He discussed at length the arguments
for and against laboratory work as presented to him and
concluded that

++she i8 convinced that there are now good general
education science courses taught without labora-
tory, but few would not be improved with the
introduction of a limited number of carefully
designed laboratory activities. 1Ideally, it
seems, such activities will contribute most to
common objectives of general education:

1. When they deal, as often as possible
with relations or problem situations
for which the student does not know
the answer in advance.

2. when they call for as much planning,
initiative, and creative thinking as
possible on the part of the student,
that 1s, to provide him an opportunity
to experiment in the true sense of
the word.

3. When they are integrated as well as
possible with the objectives and sub-
Jeet matter of the course.

4. When they are carried on in an atmos-
phere in which curiosity is the moti-
vation, rather than academic penalty.

5. When they are conducted by experienced
teachers who are in sympathy with the
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aims of general education and have a
sincere interest in developing mature
minds.

Van Deventer (70) in 1953 examined the whole mean=-
ing of "laboratory" and again pointed out that many exist-
ing programs have laboratory work in name only while vio~-
lating the basic precepts of the meaning of the term. He
recognized three approaches to laboratory teaching:

1. Repetition of classical experiments

2. Case Study method

3. Problem approach.

He suggested a combination of these by what he
called "The Problem-Area Approach" which he described
and illustrated in detail.

In his summary (70, p.171) he stated:

The use of the usual substitutes for
individual laboratory work in general courses,
particularly in the form of sudio-visual ailds
and demonstrations, while they are very effec-
tive as teaching tools, does not really furnish
an answer to the laboratory question.

Frank (28, p.1l4) in speaking on science education
in 1954, and including both majors and non-majors said:

One of the great dangers of teaching
experimental sciences without laboratory ex-
perlences 1s that of unwittingly creating in
a student's mind the notion that sclence 1is
essentially deductive in nature.

Brown (11) observed in 1954 from a personal survey
of elementary laboratory instruction in universities of

England that English students spend more than twice as



much time in the laboratory as American students do.
Kruglak (4O0,41) in three papers during 1954~55

on the measurement of laboratory achlievement in general

college physics by performance tests and by paper-pencil

laboratory achievement tests found though the latter

measured elements other than conventional achievement

eriteria, they had few elements in common with laboratory

performance tests.
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CHAPTER IV
TESTS AND TREATMENT OF DATA

Tabulation of Data

The purpose of this study is to compare two me-
thods of teaching an integrated general education course
in the physical sciences. One method includes individual
laboratory work while the other does not. The contribu-
tions of the individual laboratory work to the aims of
general education are to be determined by means of statls-
tlcal analysis of the test data from these two different
teaching methods.

The aims or objectives adopted from the Science
Committee of the Evaluation Study of the American Coun-
¢il on Education were set forth in the second chapter as
well as the selection of the tests for their evaluation
and some information about them.

The tests selected were:

1. A Test of Science Reasoning and Understanding

2. A Test of Generel Proficiency in the Field of

the Natural Sciences.

Future references to these two tests will be made
simply by identifying them as the Reasoning and Proficiency
Tests respectively. Both tests, or alternate forms thereof

were administered on a pre- and post-course basis and the
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results of student performances will be found in Tables
II and III.

Some of the observations that can be made from these
tables are that with the Proficiency Test a small though
not significant difference in the median gains favors the
lecture over the laboratory groups. The mean gains, on the
other hand, show no consistent difference between these
same two groups.

The medien gains for the Reasoning Test are the same
for all of the groups while the mean galns again show no
consistent difference between the laboratory and lecture
groups. It is worth noting that the weighted average of
3.85 for the mean gains with the Reasoning Test for the
four experimental groups compares favorably with the mean
gain of 3.37, the available value (5, p.128), for 790 stu-
dents of six colleges.

The generally superior performance of the Oregon
State College student group is of interest though not
unexpected when one considers that this group had a
program totalling twelve hours of credit for the three
terms as combared with only nine credit hours at the
other two institutions. 1In addition if the decile rank
average of 5.6 for the students of Oregon State College,

a regular four-year college, were compared in the Norms

Bulletin (6, p.l7) with that of teachers colleges for



TABLE II

PROFICIENCY TEST PERFORMANCE

L7

OCE SOCE 08¢
Lab. Lect. Lab. Lect.

N 22 29 2L 37 29
Pre-test

Range 21-66 14-62 8-62 8-5l4 17=56

Med. 35 35 30 31 38

Mean 36.91 38.69 32. 29 30. 30 38.21
Post-test

Range 28-70 7-68 0-76 4=73 33-69

Med. 41 43 38 36 L7

Mean o1y Lh.T79 39.12 37.62 47.17
Gain

Med. 6.5 7 5.5 7 9

Mean 123 6.10 6. 83 7«32 8.97

8. D. 8. 82 6. 96 12.10 10. 00 7. 86

3. B. 1.92 1. 31 2.52 1.67 1.48

All figures are based

on raw scores
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TABLE III
REASONING TEST PERFORMANCE

——
o D

I

OCE SOCE 0sC
Lab. Lect. Lab. Lect.

N 22 29 2l 37 29
Pre-~test

Range 1138  14-43 11-33 4=39 12-35

Med. 23 26 20 21 24
Post-test

Range 12-46  17-46 13-4y 11-43 18-39

Med. 28 30 23.5 25 29

Mean 27.95 29.21 23,92 25.11 28. 41
Gain

Med. [ L 4 i b

Mean 455 3.59 3.30 4. 00 . 69

Se De lg= 00 5. 91 6. 26 4 97 Lo 47

8. E. 0.87 1.12 1.31 .0.83 0. 85

All figures are based on number of right answers
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the other two institutions it would be equivalent to 6.8
or the highest for all groups. There are, of course,
other factors which might affect these results elther way,
such as the differences in the amount and kind of labora-
tory work, and the course performance evaluation at Oregon
State College as compared with the other two institutions.

The relatively large values for the standard devia-
tion of the mean geins for the groups and their differences
between the groups peint toward a considerable variability
in the ssmple populaticon. In three out of four cases the
greater standard deviation of test gains by the laborsatory
groups confirms the previous findings by Johnson (21,
ps» 101) and others which they explained to mean that indi-
vidual laboratery work provides a greater opportunity for
expression of individual differences.

With the FProficiency Test the laboratory groups
indicate =z consistent and greater variability as shown by
the greater standard deviation. This difference, however,
is not consistent for the Reasoning Test, which might be
construed to mean that the Proficiency Test was a better
instrument for bringing out the differences in perform-
ance brought about by the different teaching methods.

Ho correlations between the American Council on
Education Psychologicel Examinetion Totel Scores and the

two tests used were made because the ACE scores were not
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available for all of the students. It has been found (L4h4),
however, that the ACE scores show only a moderate degree
of correlation with achievement. The available correla-
tion coefficient values for the Reasoning Test with the
ACE Psychological Examination cited on page 21 of Chapter
II are comparable with those of other studies.

In correlating the gains of the Proficiency and
the Reasoning Tests with each other, l.e. Inter-Test
Correlation for all of the groups, no significant corre-
lation in attainment was found which would indicate that
the two tests were independent measures of achievement.

The actual values for r, the Inter-Test correla-
tion coefficient, were calculated from the original data
according to Pearson's equation (30, p.l159) for the

produc t-moment coefficient of correlation.

TABLE IV
CORRELATIORS OF PROFICIENCY AND REASONING TEST GAINS

r
OCE
Laboratory CGroup . 008
Lecture Group , 077
SOCE
Laboratory Group .158
Lecture Group .018

0S¢ .018
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Statistical Analysis of Data

The main purpose of this study is to determine if
significant differences in performance exist between the
laboratory and lecture groups. For this particular pur-
pose the tests of hypotheses concerning the variances
and means of two populations are well suited and were
therefore selected.

The procedures used follow in outline the sug-
gestions set forth by Dixon and Massey (23, pp.88, 101).
The tables of t-values and F distribution in the appen-
dices of this same work were also used for the purposes
of this study.

In the test for population variance the calcu~
lated F value from the ratio of the actual sample vari-
ances was compared with the F distribution in tables
for the appropriate number of degrees of freedom and a
given level of significance. After the first hypothesis
that the two population varlances are equal, i.e., the
actual value falls within the limits of pre-determined
eritical regions, had been established the t-test for
the hypothesis of equal population means was next used.
If in this second test the calculated t-value falls
within the limits set by the number of degrees of free-

dom and chosen significance level the hypothesis 1is
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confirmed and the two population means are considered to
be equal and no significant differences between the two
compared groups exist. For both the F and t-tests the
five per cent levels of significance were selected and
the necessary interpolation made, which seemed justified
as none of the values seemed critical enough to regquire
greater accuracy.

The results for the experimental laboratory and
lecture groups for both the Proficiency and Reasoning

Tests are shown in Table V.

TABLE V
COMPARISON OF LABORATORY AND LECTURE GROUPS

Proficiency Test Reasoning Test
F t F t
OCE
Experimental 1.61 0.51 2.18 0.66
Critical Region +2.22 +2.01 +2.33 +2.01
SOCE .
Experimental 1.46 -0.17 1.59 «0. 149

The distributions of the Population Variance (F) and
Population Means (t) are both at the 5% significance
level.
For additional information the hypotheses were also
tested for the Oregon State College group and the Oregon
College of Education laboratory and lecture groups and

these results are shown in Table VI.
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TABLE VI
COMPARISON OF QCE AND 0SC GROUFS

i o
B e

|

Proficiency Test Reasoning Test
F t F t
038C-0CE Lab.
Experimental 1.26 =0. Tl 1.25 ~0.12
Critical Region +2.22 +2.01 +2.33 +2.01
03C-0CE Lect.
Experimental 1,28 ~1.47 1.74 -0. 80
Critical Region +2.13 +2.00 +2.13 +2.00

The distributions of the Population Variance (F) and
Population Means (t) are both at the 5% significance
level.,

Results

From the statisticel results in these last two
tables 1t can be seen that for all of the groups com-
pared the firet hypothesis, that the two population
variances are equal, can be accepted and, furthermore,
that for all of the groups compared the second hypothesis,
that the two population means are equal, can also be ac~
cepted. This in effect then means that no significant
differences in performance of the compared sgroups existed

a8 measured under the described conditions.
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CHAPTER V

CONCLUSIONS AND IMPLICATIONS

The purpose of this study was to determine if
individual laboratory work as part of an integrated course
in the natural sciences contributes to the objectives of
general §ducation. Students enrolled in a course in the
Foundations of Fhysical Science at two institutions of the
Oregon State System of Higher Educsation were divided into
equal sections with and without laboratory work and were
pre- and post-tested with Proficiency and Reasoning Tests
for differences in gains under the two methods. The two
methods of teaching were then compared by statistical
analysis using the F-test for population variance and the
t-test for significance of population means.

The inescapable conclusion from the results of
this study is that no significant differences exist be-
tween the student groups having individual laboratory
work and those without i1t. The very absence of any def-
inite trends in the results, however, would make one
question in retrospect the sultebllity of the testing
instruments employed in spite of the fact that on prior
examination the two tests seemed eminently well suited
to the purpose for which they were used.

Kruglak (40,41) and others in their studies have
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found that it is difficult to evaluate the outcome of
laberatory werk and that too fregquently the problem re-
solves itsell to an evalustion of elther acquired facts
or techniques neither of which de full justice to the
contributions of individusl laboratory work.

With the Reasoning Test in partieular, snother
approach to the problem was attempted, but 1t certainly
appears questionable if there 1a any ftransfer from the
laboratory situations requiring thoughtful attention and
reasoning to other areas of reasoning and understanding.
The results of this study, though inconclusive, are in
line with those of other workers (25, p.809; 52, p.300;
55, p.1293). Noll (52, p.300), one of these workers, in
reviewing the results of a number of studies on both the
secondary and the college level conecludes:

The resulte of these studiesz agree

very well in that none of them report any

very reliesble differences beiween the

achievements of groups taught by the re-

gspective methods. Most of the investi-

geteors do not report evaluation of the

ocbtained differences, but where this has been

done no true (from a statistical standpoint)

differences have appeared.
This would indicete that no ssatisfactory method has yet
been found for the evaluation of the contributions of
individuel lebeoratory work and point to the need for
further study.

At this point one might be tempted to draw a
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number of qualitative inferences from the obtained data
which, however, violates the very spirit of the statistical
methods of analysis employed. Inasmuch as any experimen=-
tal study, however, is limited by the sample make-up and
methods employed and in particular in an experiment with
teaching procedures where it is impossible to delineate
and control many of the variables, it might well be jus-
tified to describe further some of the conditions which
might have contributed to the attained results as well as
a few sidelights of the problem as a whole.

The limitations of the sample itself are a factor
in this study. Practical considerations made an initial
purely random assignment impossible and the rather large
drop in course enrollment during the school year would
likely have rendered it ineffective. For the same reasons
it was also difficult to exercise a closer control of
students' backgrounds and abilities. The decrease, how=-
ever, was not great enough to reduce the sample in either
size or make-up to the point where the data were not
amenable to statistical analysis.

Some of the differences in performance are cer-
tainly attributable to the variations in student ability
at the two Colleges of Educatlon as shown by the dif-
ference in the average ACE decile ratings and ranges in

test performances. There asppeared to exist a greater



57
similarity in the student groups at each institution than
between them, but even when the comparison of the two
teaching methods is confined to only one of the institu-
tions the differences between the two teaching methods
are not significant.

It should also be pointed out that a pairing of
students from the respective laboratory and lecture groups
was finally not attempted because while this method offers
some distinct advantages in overcoming sample group dif-
ferences, it was cqnsidered impossible to find sufficient
pairs from the groups which would have been alike in all
characteristics except the difference of teaching method
under study. Furthermore, Hurd's (35, p.115) findings
seriously question the value of pairing students for
purposes of equating groups unless the comparison of the
individuals 1s continued over a considerable period of
time and found to be "identical in a great variety of
activities. "

No significant differences in student performances
could be ascribed to differences between the two instruc-
tors.

Several Implications of the advantages of individ-
ual laboratory work as found by other workers will next
be compared with the findings from this study end some
additional ones will be alluded to. In addition to the
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evident cutcomes of individual laboratory work such as
acquaintance with laboratory equipment and procedure these
other advantages have been claimed:

1. higher achievement

2. greater retention

3. additional interest

4. better allowance for individual differences.

Though some of the laboratory groups showed higher
achievement the results were neither consistent nor sig-
nificant.

Several studies (24, p.318; 52, p.300) have indi-
cated that individuel laboratory work greatly increases
retention of knowledge. A follow-up of the students of
this study could possibly be made to ascertain if this
claim also applies to general education objectives.

Ko formel poll of student reaction was made, but
from personal reactions it appeared that though all the
students were not only very cooperative but showed quite
an interest in the study, the students in the lecture
sections, nevertheless, gave the impression that they
would rather have had some laboratory work, which is
quite in keeping with Bullington's (12) findings from
an actual student opinion survey., This 1n itself might
well be interpreted to mean that the laboratory creates

interest and motivation.
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The data of this study are in agreement with pre-
vious studies, that individual laboratory work provides
a greater opportunity for the expression of individual
differences than can possibly be provided in a straight
lecture course. This is an advantage which is certainly
in accord with the objectives of general education.

Among the other possible advantages of individual
laboratory work which may be alluded to, though they are
not actual outcomes of this study, the opportunities for
personal contacts and development of resourcefulness
will be briefly mentioned.

A distinet advantage of the individual laboratory
method is in the greater opportunity it provides for
personal contacts between instructor and student. This
is of immense value in natural science courses where an
interchange of ideas, questions, and problems 1s often
so essential to understanding but cannot be afforded in
the usually larger lecture groups and in less time.

Iﬁ addition to certaln intrinsic associations be-
tween the natural sciences and the laboratory for all
students, there are even more convincing reasons for
having individual laboratory work for future teachers
who are themselves expected to conduct science experi-
ments in the exercise of their profession. Curtis

(21, p.9) found that "Students with absolutely no
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laboratory experience showed no laboratory resourcefulness
whatever; they refused to touch the apparatus.” This in-
cidental observation is of interest because the large
ma jority of the students of this particular study were
future elementary teachers.

In answer to the problem stated in the title, it
must be stated that this study did not produce any con-
eclusive evidence that the laboratory contributes directly
to the aims of general education, at least as measured by
the selected criteria, but neither did the decrease in the
amount of lecture time lower the achievement of the labor-
atory groups.

These experimental findings corrobeorate Henshaw's
conclusions (34) that it is possible to have general edu-
cation natural science courses without laboratory work
but due to the fact that the results of this study cannot
be considered as a definitive soclution of the problem and
also in view of the admitted indirect benefits accrulng
from individual laboratory work which certainly are in
harmony with the objectives of general education, it is
not reconmended that individual laboratory work be elimi-
nated.

In the Final Report of the Cooperative Study of

Evaluation in General EZducation of the American Counecil
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on Education (5, p.138) the statement is made that "there
is some indication that the amount of success is due to
the attention given to the objectives." This would only
seem reasonable if applied in the truest sense that the
teaching approach should be in harmony with the objectives
and this was certainly attempted in this study. One may
wonder at times, however, how much results are influenced
by teaching for the immediate objectives of the test situ-
ation per se. Stated otherwise, this testing program was
carried on as part of a normal course program and not the
course program keyed to any possible test outcomes.

Finally, the writer cannot help but feel in summary
as Kirk (36, p.238) recently expressed it:

Most of the arguments for the abandon-
ment of the laboratories in the teaching of
science are in essence statements that sci-
ence teachers have failed to accomplish the
things which we claim we can accomplish by
laboratory instruction. All of us who teach
science will admit that we have fallen short
of our stated goals., Blame us, but do not
blame the method! Help us to do better, help
us to train others to do better still, but

do not doom our young people to sterile in-
struction.
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Cooperative Study of Evaluation in General Education
of the
American Council on Education

A TEST OF SCIENCE REASONING AND UNDERSTANDING
Physical Sciences

Form A

Note to the Student About This Test

In this test you will find problem situations comprised for the most part of excerpts from
articles written for the general public about achievements and activities of scientists. The test is
designed to measure your ability to analyze these problems, in terms of your understanding of the broad
principles of science, and of the point of view of a scientist and the kinds of things that he does.
This understanding is one of the aims of general education.

Directions

Within the test you will find directions for groups of questions. Read these directions care-
fully so that, before you answer a set of questions, you know what is being asked.

You may, in some cases, encounter words or specific data that are unfamiliar to you. If you do,

don't worry about it. It is not likely that this will prevent your answering most of the questions
intelligently.

.
Your answers to the questions are to be recorded on a separate answer sheet. Before answering

the questions fill in the blank spaces at the top of your answer sheet. For Name of Test write
Physical Sciences, Form A.

Mark only the one best answer for any item.
Your score on this test will be the total number of items correctly answered.
The minimum actual testing time is 45 minutes.

Do not mark in the test booklet.

Copyright, 1953, by the American Council on Education



Read the following selection carefully.

Some years ago a systematic aerial survey
was made of the coastal region in South Caro-
lina. When some scientists chanced to see these
photographs they were struck by the large num-
ber of oval markings which showed up. These
markings turned out in most cases to be sandy
stretches surrounding dark areas of vegetation
and were much more easily noticed from the air
than from the ground. The most unusual feature
of these '"bays,'" as they came to be called, was
that they were almost exactly parallel, NW - SE,
although they varied in size from several miles
to a few tens of feet in length.

Naturally curious as to the origin of these
bays, the scientists who first noticed them
suggested that they were the craters left by a
tremendous shower of meteorites which approached
the area from the northwest. When this idea was
published there arose a lively controversy as to
whether they were due to meteors or to some un-
usual combination of geological processes in-
volving ground water, wave and wind action.

Directions: The items below (1-13) represent
quotations from an article by Douglas Johnson
summarizing the various theories on the problem
of the Carolina bays. You are asked to classify
the quotations according to the KEY. If a
portion of the quotation is underlined, classify
only that portion. Blacken the proper space on
the answer sheet.

KEY: a problem.
a fact by observation or experiment.
an hypothesis.
. a deductive test of an hypothesis.
an accepted solution to the main
problem.

U W

1. "Each bay or crater is oval, as if produced
by some object striking the earth obliquely
and scooping out an elongated depression."

2. "The long axes of the oval depressions are
almost if not completely parallel, and trend
uniformly from northwest to southeast, as
though a great shower of large objects

graphs of the Carolina coastal plain."

3. "If meteorites coming from the northwest
struck the earth obliquely to form oval
craters, they should....be now reposing be-
low the surface at or near the southeastern

4. "Since many meteors contain significant
amounts of iron, a magnetometer survey of
these southeastern areas should frequently

show the presence of 'magnetic highs' due to

the attractive influence of iron within the
buried meteorites."

5. "Accordingly I make magnetometer surveys
covering the southeastern ends of several
bays and adjacent territory. In every in-
stance the surveys show distinct magnetic
highs in the areas in question."

10

13 U

125

13.

~too low,

"The northeastern sides of the bays are pre-
vailingly more strongly curved than the
southwestern sides. It is difficult to see
why plunging meteorites should produce
Craters which are systematically asymmetri-
cal."

. "It is conceivable that an obliquely plunging

meteorite might produce a narrow groove where
it first touches the earth, and a broader de-
pression where the full body enters; but in
that event the parrow ends of the craters
should point toward the northwest."

"The major accumulation (of sand) is about
the eastern quadrant of the craters rather
than about the southeastern half.... It is
difficult to see why a plunging meteorite
should push up more debris on the south-
eastern side of a crater than on the south-

western side."

"Tests made with guns firing large and small
projectiles show that a swiftly moving pro-
jectile striking the earth obliquely may act
in several different ways: (a) it may penme-
trate the ground in the oblique direction of
incidence; (b) if the angle of incidence is
it may strike the surface a glancing
blow and pass off into space again; (c) it
may explode upon impact."

"For the inner and usually very regular rims
there is (a) the possibility of a wind-blown
origin; (b) also the possibility that they
are beach ridges built by wave action when
lakes occupied the craters, their convergence
and disappearance toward the northwest being
tentatively ascribed to progressive elonga-
tion of the lake in that direction due to the
headward migration of artesian springs Qr
some other cause."

"If the craters were excavated in loose sand
or loam by springs welling up from below under
artesian pressure, loose sand or loam should
be found at the surface in areas where the
craters are abundant."

"Calculations of the amount of sand found in
the ridges or rims surrounding the craters
show that the total is insignificant compared
to the vast bulk of material removed to form
the basins of the craters."

"If the outer rims are really of wind-blown
origin, examination of weather records for the
Carolina coastal plain, or for that part of

the plain occupied by the craters, should show
dominant winds from the opposite quarters."

* * * *

(Go on to the next page.)



Read the following article carefully. It is
adapted from "Wweather or Not," Time, August 28,
1950.

Until Irving Langmuir began poking into the
subject, meteorology was a passive science.
Meteorologists observed and tried to forecast
the weather, but when asked why they didn't do
something about it, they simply looked reproach-
ful. No meteorologist to begin with, Brooklyn-
born Irving Langmuir was educated at Columbia
University and Gottingen in Germany. In 1909 he
joined General Electric's Research Laboratory,
where he found the freedom he wanted to do re-
search. His G. E. bosses told young Langmuir
not to bother about practical applications of
his experiments, to look around the laboratory
and work on anything that interested him.

Like everyone else, Langmuir did nothing
about the weather until World War II, when he be-
gan studying the water droplets in high, cold
clouds which freeze into deadly ice on airplane
wings. The schoolbook explanation of rain is
that "clouds condense into raindrops and fall to
the ground.” It is not quite as simple as that.
Unless something special happens to it, a cloud
remains a cloud; the droplets in it stay about
as they are, too small to fall.

After the war, Langmuir went to work on the
mystery of rain clouds. He knew that the drop-
lets in clouds do not freeze at 00 C. {5 3 A s ok
They are supercooled, i.e., are much colder than
zero Centigrade, the normal freezing point.

When an ice crystal comes in contact with super-
cooled droplets, it can steal water from them,

so water vapor moves from the droplets to the
jce. The ice crystals grow; the droplets shrink.
Langmuir reasoned, as others had before him, that
this process might be a cause of rain and might
show a way to make artificial rain. If small

ice crystals could be induced to form in a super-
cooled cloud, they should grow into big snow-
flakes at the expense of the cloud's droplets,
then fall to the ground as snow, or melt into
rain.

Langmuir and his brilliant young protege,

vincent Schaefer, settled down in G. E.'s
Schenectady lab and began experimenting. Lang-
muir and Schaefer tried all kinds of things, with
no success. Then, one hot day in July, 1946,
Schaefer was alone in the laboratory. The cold
chamber was not quite cold enough to suit him, so
he put in a hunk of dry ice (temp. SHOLE .,
-110° g.). At once he saw bright motes (specks)
swirling through the light beam. As he watched,
they grew into glittering snowflakes and settled
to the bottom of the chamber.

Langmuir, the man of theory, soon worked out
the "mechanism." It was the low temperature of
the dry ice, not its carbon dioxide, that did the
trick. Any very cold object, e.g., a needle
cooled with liquid air, served as well. How cold
is cold enough? Langmuir and Schaefer found by
careful experiment that the motes form at -39°C.
(-389F.). This explained some types of rain.
Certain clouds rise high enough to be cooled to
that temperature. Ice motes form, find their way
into warmer parts of the cloud, where they grow
into snowflakes, and fall as snow or rain. "Why
not help things along with some dry ice?" asked
Langmuir and Schaefer.

One day in November, 1946, Schaefer took
off from Schenectady in a small airplane and
directed the pilot to a fleecy cloud four miles
long that was floating over nearby Massachusetts.
When he reached it, he scattered into the cloud
six pounds of dry ice. Almost at once the
cloud, which had been drifting along peacefully,
began to writhe as if in torment. White pustules
rose from its surface. In five minutes the whole
cloud melted away, leaving a thin wraith of snow.
None of the snow reached the ground (it evapora-
ted on the way down), but the dry ice treatment
had successfully broken up a cloud.

Directions: For each of the items below (14-26)

Select the best answer and blacken the corres-

ponding space on the answer sheet.

14. General Electric, in telling Dr. Langmuir not
to bother about the practical applications of
his experiments, was

1. violating the best principles of scienti-
fic research.

2. trying something new which is not
ordinarily followed by scientists.

3. running a serious risk of losing the
money they were investing in his salary.

4. pursuing a policy which in many cases has
led to something valuable.

5. doing something which was likely to be
successful in Dr. Langmuir's case but
might not be so in the case of most
scientists.

15. Dr. Langmuir approached the problem of rain-
fall by

1. deciding that meteorology must become an
experimental rather than an observational
science. i

2. studying carefully the behavior of water
droplets and ice particles in the labora-
tory.

3. deciding how rain must form and then
examining the behavior of droplets in a
cloud to see if it formed that way.

4. deciding how rain must form and setting
up a laboratory experiment to prove it.

5. using a trial-and-error procedure.

16. In approaching the question of rainfall, the
primary problem was

1. whether or not artificial rain could be
made.

whether or not it would be ultimately de-
sirable to make artificial rain.

how cloud droplets become raindrops.

how clouds get cold enough to form rain.
whether or not artificial cloud drops
could be made in the laboratory.
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17. Dr. Langmuir recognized that the key phenome-
non in the rain-forming process was the

growth of ice crystals.
supercooling of the water droplets.
shrinkage of the water droplets.
melting of the snowflakes.

movement of the cloud.
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18. Which one of the following statements indi-
cates how the hypothesis for the problem of
rain formation was tested?

19.

3 g

"Langmuir and his brilliant young
protege, Vincent Schaefer, settled down
in G. E.'s Schenectady lab and began ex-
perimenting."
"Then, one hot day in July, 1946,
Schaefer was alone in the laboratory.
The cold chamber was not cold enough to
suit him, so he put in a hunk of dry
ice."
"Langmuir reasoned...that this process
might be the cause of rain, and might
show a way to make artificial rain."
"One day in November, 1946, Schaefer took
off from Schenectady in a small airplane,
and directed the pilot to a fleecy cloud.
When he reached it, he scattered into
the cloud six pounds of dry ice."
"None of the snow reached the ground...
but the dry ice treatment had success-
fully broken up a cloud."

Which one of the following statements con-
stitutes a conclusion drawn by Langmuir and
Schaefer as a result of their observation or
experimentation?

1,

"When an ice crystal comes in contact
with supercooled droplets, it can steal
water from them, so water vapor moves
from the droplets to the ice."

"Almost at once the cloud, which had been
drifting along peacefully, began to
writhe as if in torment."

"At once he saw bright motes swirling
through the light beam. As he watched,
they grew into glittering snowflakes and
settled to the bottom of the chamber."
"It was the low temperature of the dry
ice, not its carbon dioxide that did the
triekn

"Why not help things along with dry
ice?'" asked Langmuir and Schaefer.

20. A scientist attacking a problem like Dr.
Langmuir's will tend to

21.

5 189

5.
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develop a strong conviction of the
correctness of his point of view, and
look for data to prove it, discarding
those which do not agree with it.

reach a conclusion after a thorough ex-
amination of the data and, after he has
tested his conclusion, discard any later
data which do not agree with it.

modify his conclusion when necessary to
make it agree with new data as these be-
come available.

refrain from drawing any conclusion since
he obviously cannot examine all of the
data related to his problem.

withhold efforts to make practical appli-
cations of his experimental results until
these results have provided a final
solution to the problem.

Langmuir's rain-making activities as re-

ported involved

GOk Ww N

disregarding accepted natural laws.
making use of already-existing natural
laws.

breaking natural laws.

changing natural laws.

performing an operation outside the
realm of natural law.

22. Which one of the following sentences best
describes Dr. Langmuir's attitude in
connection with the problem?

2

He was certain from the beginning of his
investigation what the final result
would be.

He believed that the formation of rain is
the result of the interaction of an in-
tricate set of natural phenomena.

He began the experiments with little or
no idea that they might eventually result
in an understanding of the formation of
rain,

He was interested mostly in the practical
aspects of the problem.

He believed the problem was soluble by
purely theoretical means.

23. Research in artificial rain making

) ops

2.

5.

is of little concern to the average citi-
zen because it is so technical.

was an initial mistake and never should
have been started, because of the politi-
cal bickering and legal tangles which
were bound to develop.

was innocently begun but should be made
illegal together with the practice of
artificial rain-making.

should be pursued by the federal govern-
ment as project number one of all current
research ‘and development projects.

should be continued actively by inter-
ested groups with resources available.

24. Langmuir and Schaefer's work shows that for
rain to result from scattering dry ice into a

cloud,

(SR

it is necessary that the

base of the cloud is below 320F,.

cloud droplets are too small to fall.
cloud droplets have frozen.

cloud is about to produce snow.

cloud droplets are liquid and below 32°F.

25. Thunderheads in summertime can have their
tops considerably colder than freezing be-
cause

iy
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26. The

the intensity of the earth's radiant heat
varies inversely as the square of the
distance.

solar radiation is better absorbed by
water drops.

lower levels of the air are heated by
greater turbulence and friction.

air at a high level is always colder than
air at a lower level.

air which expands does work at the ex-
pense of its internal energy.

growth of snow crystals at the expense of

adjacent water drops

L.

2
3
4.
5

-4-

occurs only when they come into actual
contact.

requires the presence of some object
colder than -38°F.

involves water changing from liquid to
vapor to solid.

ceases when the crystals become larger
than the drops.

occurs in clouds containing only super-
cooled water droplets.
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Items 27-38 are related to the following
selection which is adapted from an address by
Thomas Midgley, Jr., on how the gas called
"freon 21" (CHCle) was developed for electric
refrigerators in the early 1930's. Read this
selection carefully before attempting to answer
any of the items.

One morning Kettering (General Motors'
director of research) remarked to me that the
refrigeration industry needed a new refri-
gerant if it ever expected to get anywhere. I
was skeptical that anything other than a mix-
ture of substances would reduce existing
hazards, but after discussing it with Keilholtz
(chief engineer for Frigidaire), two of my
associates and I went to the library and
started work.

The desired combination of properties was a
boiling point between 0°C. and -40°C., sta-
bility, nontoxicity, and nonflammability. In-
ternational Critical Tables gave us a partial
summary of the volatile organic compounds.

The now proved mistake that carbon tetrafluo-
ride boiled at -15°C. struck us in the face
and started us thinking about fluorine. No
one could doubt at that time that it was
terribly toxic. Perhaps we could add some
chlorine compound with beneficial results.
Someone suggested chloro-fluorides as a class
to be investigated further. And so the dis-
cussion ran.

Recognizing that the Critical Table list
was very incomplete, I decided to bring into
play the periodic table. Perhaps volatility
could be related to it in some way, and it
took but a moment to see that this was true.
Volatile compounds of boron, silicon, phos-
phorus, arsenic, antimony, bismuth, selenium,
tellurium, and iodine (underlined in the ac-
companying table) are all too unstable and
toxic to consider. The inert gases (starred
in the accompanying table) are too low in
boiling point.

He*
- - B Cc N 0 F Ne*
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Now look over the remaining elements. Every

refrigerant used has been made from combina-
tions of these elements. Flammability de-
creases from left to right. Toxicity (in
general) decreases from the heavy elements at
the bottom to the lighter elements at the top.
These two desiderata focus on fluorine. It was
an exciting deduction. Seemingly no one pre-
viously had considered it possible that fluo-
rine might be non-toxic in some of its com-
pounds. This possibility had certainly been
disregarded by the refrigeration engineers.

If the problem before us were solvable by
the use of a single compound, then that com-
pound would certainly contain fluorine. The
heats of formation between the halogens (fluo-
rine, chlorine, bromine, iodine) and carbon
were checked. They increase from iodine to
fluorine, thus indicating a high degree of
stability for fluorine-carbon compounds. Next
came methods of preparation. Carbon tetra-
fluoride (CF4) seemed rather hard to make. And
then how could dichloro-difluoro-methane
(CC15Fp) boil at -20°C. and carbon tetrafluo-

ride at -15°C.? It just didn't make sense.
Plottings of boiling points, hunting for data,
slide rules, eraser dirt, pencil shavings, and
all the rest of the paraphernalia that takes
the place of tea leaves and crystal spheres in
the life of the scientific clairvoyant were
brought into play. We decided that carbon
tetrafluoride boiled at about -136°C. (Not
long after this a publication on the subject
appeared. Carbon tetrafluoride boils at 2
-1289C. ; not =16°C.) .

Feeling pretty certain at the time that
-15°9C. was wrong, we selected dichloro-
monofluoro-methane (CHClgF usually called
"freon 21'")as the starting point for experi-
mentation. I called one of the chemical
supply houses by telephone and ordered five
l-ounce bottles of antimony trifluoride (SbF3).
I believe this was all there was in the country
at the time.

The bottles arrived. One was taken at ran-
dom, and a few grams of dichloro-monofluoro-
methane were prepared. A guinea pig was placed
under a bell jar with it and, much to the sur-
prise of the physician in charge, didn't
suddenly gasp and die. In fact, it wasn't even
irritated. Our predictions were fulfilled. We
took another bottle, made a few more grams and
tried it again. This time the animal did what
the physician expected. We repeated again but
this time we smelled the material first. The
answer was phosgene; a simple caustic wash was
all that was needed to make it perfectly safe.
Then we examined the two remaining bottles of
antimony trifluoride. They were not pure. In
fact, they were both badly contaminated with a
double salt containing water of crystallization.
This makes phosgene in ample quantities as an
impurity. .

of five bottles marked "antimony trifluo-
ride,'" one had really contained good material.
We had chosen that one by accident for our
first trial. Had we chosen any one of the
other four, the animal would have died as ex-
pected by everyone else in the world except
ourselves. I believe we would have given up
what would then have seemed a "bum hunch."

Directions: For each of the items 27-38 select
the best answer, then mark the corresponding
space on the answer sheet.

27. The statement, '"The desired combination of
properties was a boiling point between o°
-40°C., stability, nontoxicity, and non-
flammability,' represents

and

an hypothesis.

the specification of a problem.

a test of an hypothesis.
systematized data.

a fact by controlled experiments.
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28, The statement, "Flammability decreases from
left to right. Toxicity decreases from...
bottom to...top. These two desiderata focus
on fluorine,'" represents

1. an hypothesis.

a test of an hypothesis.

a problem.

a conclusion from systematized observa-
tions.

a fact by observation.
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29,

30.

31.

32.

33.

34.

35.

The statement, "The heats of formation be-
tween the halogens and carbon were checked.
They increase from iodine to fluorine,"
represents

an hypothesis.

a test of an hypothesis.
. a problem.

. the specification of
. systematized data.

a problem.

(S0 SOV

The statement, '"And then
difluoro-methane boil at
tetrafluoride at -15°9C?"

how could dichloro-
-20°C. and carbon
represents

a problem.

a test of an hypothesis.

an hypothesis.

a fact by observation

a conclusion from systematic observa-
tions.

L
2.
3.
4.
5.

The statement, 'We decided that carbon tetra-
fluoride boiled at about -136°C," represents

. an hypothesis.
. a test of an hypothesis.
a fact by controlled experiment.
. a problem.
a fact by observation.
The statement,"A guinea pig was placed under
the bell jar with it and...didn 't suddenly
gasp and die,'" represents

. an hypothesis.

. a test of an hypothesis.

the specification of a problem.

. a conclusion from systematic observa-
tions.

generalized data.

9] W -

The
the

statement, '"This time the animal did what
physician expected,'" represents

an hypothesis.

. a conclusion from systematic observa-
tions.

generalized data.

the specification of a problem.

. a fact by controlled experiment.
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The statement,"Both were badly contaminated
with a double salt containing water of cry-
stallization'" represents

1. an hypothesis.

2. a problem.

3. generalized data.

4, a fact by observation.

5. the specification of a problem.
The primary objective of this investigation
was to

determine the boiling points of fluorine

compounds.

2. correct errors in the International

Critical Tables.

3. find a nonpoisonous nonflammable refri-

gerant.

4, determine the toxicity of dichloro-
monofluoro-methane.

5. test for impurities in antimony tri-

fluoride.

LB=

36.

37.

38.

In deciding to concentrate upon com-
pounds of fluorine, which one of the
following was a basic assumption?

1. Trends discovered in part of the
Periodic Table are likely to con-
tinue.

2. Compounds of a toxic element will be
non-toxic.

3. Compounds with lower boiling points

are less flammable.
4, Mixtures of compounds are less toxic
than single compounds.
5. Compounds of carbon are flammable.
Which one of the following statements
represents Midgley's attitude in
connection with the problem?

1. Pioneer work of this kind is pri-
marily a trial-and-error process.

2. He was certain that a single compound
would be found which would satisfy
the: need.

3. He did the job reluctantly and only

because his superior demanded it.

He believed that the solution would

be gained most quickly by following

his hunches.

5. He believed that systematic study of
available data would suggest more
fruitful hypotheses to investigate.

Which one of the following statements do
you believe represents the probable final
outcome of the problem, if they had used
impure antimony trifluoride (SbF3) in the
first trial with the guinea pig?

1. Midgley would have immediately made a
new sample of gas and tried another
animal. ¥

2. They would have turned to the study
of other compounds and never returned
to compounds of fluorine again.

3. Either at General Motors laboratory

or somewhere else, the true proper-

ties of freon 21 would have been de-
termined within a few months or years.

After hearing of the results,

Kettering would have forbade further

research on the subject.

5. Midgley would have recommended the
use of freon 21 as a refrigerant in
spite of its apparent lethal effect
upon the guinea pig.
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Before attempting to answer items 39-50, read
carefully the following condensed statements of

two

theories which have been used to explain

heat phenomena.

Theory A: It is supposed that there exists a

very subtile, and self-repulsive
fluid, called "caloric," dispersed
throughout all the bodies of the uni-
verse, and capable of passing, with
more or less facility, through them
all; but this fluid cannot be exhi-
bited by itself in an uncombined
state; for nothing will confine b 51 £
nor has it any known weight. The dis-
tance between the constituent atoms of
a body is governed by a balance be-
tween the attraction of the atoms for
each other and the repulsion of the
intervening caloric. The temperature
of a body depends upon the density of
the caloric within it.

The sensation which animals perceive
by the communication of caloric to
their bodies, is called heat, or heat-
ing; and the sensation which they per-
ceive by the escape of the caloric
from their bodies is called cold, or
cooling. Therefore it appears that
cold is not a positive thing, but only
the absence or privation of caloric.
When we touch a hot body, the caloric
passes from that body into our hands,
or face, etc., expands that part, and
excites in us a sensation of heat.
When we touch a cold body, the caloric
passes from us into that body, and we
feel the sensation of cold.

Theory B: Heat is considered to be not only a

form of energy, but more particularly
the kinetic energy of vibration (for a
solid) or of translation (for a fluid)
of the constituent atoms or molecules
of the substance. Hence an increase
in the average kinetic energy of these
atoms or molecules gives rise to an
increase in the absolute temperature
of the substance.

Directions: The items below (39-50) consist of a
series of experimental or observational data
(facts) which are related to the two theories

described above.

In addition to the information

in the above paragraphs you may draw upon any
other background knowledge which you have. For
each item mark space

39.

40.

41.

if the fact lends more direct support to
theory A than to theory B.

if the fact lends more direct support to
theory B than to theory A.

if the fact supports both theories.

if the fact cannot be used to support either
theory.

When a sterling silver spoon is placed in hot
coffee, the handle gets warm quickly.

Water expands when it freezes and ice con-
tracts on melting.

The tension in power and telephone lines is
greater in winter than in summer.

42. When a wire is bent back and forth it be-
comes warmer at the point where the
bending occurs than at other points.

43. When a volume of gas is suddenly com-
pressed, its temperature rises.

44. When compressed carbon dioxide gas is
suddenly released from a cylinder its
temperature is much lower than its initial
temperature.

45. When warmed from 2°C. to 6°C., water
first contracts and then expands.

46. If two blocks of metal, one black and the
other highly polished, are both heated to
the same temperature, the polished block
will cool more slowly than the black one.

47. Smoke particles in air, strongly illumina-
ted and observed under a microscope, are
seen to move in an erratic and random
fashion.

48. When a narrow beam of X-rays is reflected
from a single crystal, such as common
salt, there is less broadening of the re-
flected beam as the temperature of the
crystal is reduced.

49. More heat can be absorbed by a gas when
it is warmed up while its volume is
allowed to increase at constant pressure,
than when it is warmed up the same number
of degrees, keeping the volume constant.

50. For every calorie of heat generated by
friction between two bodies 4.18 joules
of work are necessary, without regard «to
the nature of the bodies.
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Items 51-55 are concerned with the following:.

You have probably heard of the idea that some -
time men will try to travel by rocketship to
the moon and back. Many of the problems in-
volved -- what the human body will endure, how
to get away from the earth, how to "navigate"
in interplanetary space, and the like -- are
under scientific study. Therefore the writers
of magazine articles, comic strips and motion
pictures on travel to the moon generally make
their stories conform to basic principles of
science. On this assumption, answer items
51-55 below by selecting the best choice and
blacken the corresponding space on the answer
sheet.

51. As the space ship leaves the earth each
traveler reclines because

1. it is necessary to lower the center of
gravity of the space ship.

2. he desires to avoid nausea caused by
the take-off.

3. his instruments are most conveniently
operated in that position.

4. when the ship is in space it is im-
possible for a man to stay erect.

5. he is subjected to forces much greater
than his weight.
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52. While the ship is moving through inter-
planetary space, the travelers inside find
they are unable to

rise from their couches.

move from one place to another.
pour water into a glass.

bounce a ball against the ceiling.
talk to each other directly.

(S0 IV O]

53. While the ship is traveling through space
the rocket motors are not continually in
operation because

1. they are satisfied to continue at es-

sentially a constant speed until they

approach their destination.

the escaping gases from a rocket must

push against air to be effective.

3. no oxygen is available in space to burn
the rocket fuel.

4. they are satisfied to slow down after
the rapid acceleration of the take-off.

5. they have escaped completely from the
earth's gravitational pull.

\&)

54. Gravitational attraction at the surface of
the moon is calculated to be only about one-
sixth as great as at the surface of the
earth. This may account for the fact that
the moon has no atmosphere. Which one of the
following statements will not be true in the
light of one or both of the above facts?

1. Travelers on the moon would see both the
sun and the stars shining in a black
sky.

2. Travelers on the moon would find shad-
ows much sharper and darker than on the
earth.

3. Aside from the difficulties introduced
by a '"space suit," a traveler on the
moon would be able to carry very heavy
loads with ease.

4. Aside from the difficulties introduced
by a '"space suit," a traveler could
throw a baseball much farther on the
moon than on the earth.

5. Aside from the difficulties introduced
by a 'space suit," a traveler could
throw a baseball horizontally on the
moon with much greater speed than on the
earth.

55. Which one of the following requirements for a
successful rocket-trip to the moon and back
is most readily available?

The necessary funds.

Theoretical knowledge of '"navigation"
between planets.

A practical means of landing on the moon.
A practical means of landing on the
earth.

Sufficiently powerful engines to escape
from the earth.

w oW [N
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Directions: Each of the following incomplete statements or questions is followed by five choices.

PART 1

TERMS AND CONCEPTS

(15 minutes)

best completes the statement or answers the question and put its number in the parentheses at the right.

1z

Starch and sugar belong to the class of
nutrients called

1-1 carbohydrates.
1-2 amino acids.
1-3 proteins.

.14 fats.
1-5 minerals. .

Protecting the body from a particular dis-
ease by a method such as inoculation is
known as

2-1 hygiene.

2-2 disinfection.

2-3 quarantine.

2-4 immunization.

2-5 sterilization.

Dehydration is a process that removes
3-1 water.

3-2 hydrogen.

3-3 Dbacteria.

3-4 oxygen.

3-5 air.

The rusting of iron is an example of
4-1 neutralization.

4-2 precipitation.

4-3 oxidation.

4-4 reduction.

4-5 double decomposition. .

Hibernation and migration enable animals
to continue their existence in spite of ex-
treme variations 1n

5-1 air pressure.
5-2 altitude.

5-3 humidity.
54 temperature.
5-5 topography.

Accurate forecasting of weather conditions
for several days in advance is most depend-
ent upon a detailed knowledge of

6-1 the probable appearance of sunspots.

62 the composition and movements of
air masses.

6-3 fluctuations in magnetic intensity.

64 the phases of the moon.

6-5

the chemical composition of the at-
mosphere. :

It is because of gravity that

7-1 a sled slides downhill.

7-2 two sticks become hot when they are
rubbed together. v

7-3 acaris likely to run off the road when
it goes rapidly around a curve.

7—4 a balloon breaks when it is blown
very large.

7-5 water evaporates into the air. .

L 1(

2

. 3(

. 4(

- 5(

. 6(

LT(

8.

)
9.

)
10.

)
11.

)
12.

)
13.

)
14.

)

A geologist would be most interested in the
discovery of a new

8-1 disease germ.

8-2 tribe of Indians.

8-3 kind of rock.

84 kind of animal.
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A controlled procedure whose purpose is to
test a scientific principle is called

9-1 a theory.

9-2 an experiment.

9-3 a thesis.

9-4 a conclusion.

9-5 ahypothesis. . . . . . . ... . .9(

The bronchial tubes are associated with the
10-1 kidneys.
102 esophagus.
10-3 bladder.
104 liver.

10-5 lungs. . 10(
Materials through which an electric current
cannot pass are called

11-1 insulators.

11-2 stators.

11-3 magnets.

11-4 conductors.

11-5 electrolytes. < 11(

Frequency modulation (FM) is a means of

12-1 increasing the speed of jet-propelled
aircraft.

12-2 transmitting radio programs.

12-3 reducing the glare in electric light-
ing.

124 transmitting sounds on a beam of
light.

12-5 eliminating echoes in large rooms. . 12(

An increase in the absolute humidity of the
air is an increase in the

13-1 temperature of the air.

13-2 density of the air.

13-3 pressure of the air.

13-4 moisture content of the air.

13-5 amount of organic material in the

@A 1% WGTH 4o, wittsas o, Bllw Bil36

The economical production and long-
distance transmission of electrical power
would have been impossible except for the
invention of

14-1 the vacuum tube.

14-2 radar.

14-3 the AC generator.

14-4 the cyclotron.

14-5 the magnetic compass. . . . . . .14(

Select the one that

)
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15;

16.

17

18.

19,

20.

21.

The rate at which an automobile increases

in speed after starting is called its

15-1 wvelocity.

15-2 acceleration.

15-3 momentum.

154 kinetic energy.

1 53 ISR s sl v oo It ason ~ Be-35(

A seismograph is used to record

16-1 ocean depths.

16-2 sunspots.

16-3 earthquakes.

164 cosmic rays.

16-5 weather conditions at high altitudes. 16(

The flower is the part of a plant especially
adapted to carry on the process of

17-1 food making.

17-2 seed dispersal.

17-3 osmosis.

17-4 reproduction.

178 eod storage. ,ovims bavinsdans: « 3T

The pancreas is primarily an organ of

18-1 respiration.

18-2 secretion.

18-3 circulation.

184 excretion.

18-5 reproduction. . . . . . . . . . .18(

The spontaneous process whereby two
gases intermingle so as to form a homo-
geneous mixture is known as

19-1 cohesion.

19-2 sublimation.

19-3 condensation.

194 diffusion.

19-5 08MOBIS: 50 el whie ] eacimypesess « fo1O(

A substance which is formed in the tissues

of an animal and which has the ability to
neutralize the poisons given off by disease
germs is known as

20-1 an antitoxin.

20-2 an antiseptic.

20-3 a serum.

204 a toxin.

20-5 awvaccine. . . . . . . . . .. .20

Which one of the following is usually an

internal combustion engine?

21-1 A hydraulic ram

21-2 The motor of an electric washing
machine

21-3 The motor of an automobile

21-4 A locomotive

21-5 Alivinganimal . . . . . . . . .21(

= 3

22. An important factor in causing seasons

23.

24.

25.

26.

27.

28.

is the

22-1 rotation of the earth on its axis.

22-2 tilt of the earth’s axis.

22-3 varying distance between the earth
and the moon.

22-4 irregularity of the earth’s surface.

22-5 change in direction of ocean cur-
EeRtB vel bobivib 1duirw simons « 2-22(

Animals classified as rodents have

23-1 hoofs.

23-2 long and pointed canine teeth.

23-3 egg-laying mechanisms.

23—4 strong chisel-shaped incisors.

23-5 hands with fingers for grasping. . . 23(

Which one of the following organisms is
the most capable of providing for its own
needs, independent of other organisms?

24-1 A lion

24-2 A snake

24-3 An elm tree

244 A termite

245 A mushroom . . . . . . . . . .24

A compound microscope is an instrument

consisting of

25-1. one and only one high-power convex
lens.

25-2 at least two convex lenses.

25-3 one and only one high-power con-

cave lens.
25-4 only two concave lenses. .
25-5 two concave mirrors.. . . . . . .25(

A commutator would be found in an electric

26-1 heater.

26-2 doorbell.

26-3 fuse.

264 motor.

26-5 storage battery. . . . . . . . . .26(

A deciduous tree is one that

27-1 needs very little water for life and
growth.

27-2 sheds its leaves in the fall.

27-3 grows best at high altitudes.

27-4 is adapted for growth in swampy
regions.

27-5 is green throughout the year. . . . 27(

The process of removing all the hydrogen
ions from a solution by adding an equal
number of hydroxyl ions is called

28-1 ionization.

28-2 hydrolysis.

28-3 electrolysis.

28-4 precipitation.

28-5 neutralization. . . . . . . . . .28

)
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29,

30.

31.

32.

33.

34.

The valence of an element is the

29-1 number of electrons gained or lost
in chemical combination.

29-2 weight gained or lost in chemical
combination.

29-3 number of electrons in an inner
shell.

294 atomic weight.

29-5 atomic weight divided by the num-

ber of electrons in the outer shell. . 29(

Which one of the following best explains
why raindrops are nearly spherical in
shape?

30-1 Evaporation
30-2 Gravity
30-3 Capillary action

304
30-5

Brownian movement
Surface tension .

Which one of the following is an instrument
used to measure the specific gravity of a
liquid?

31-1 Beam balance

31-2 Manometer

31-3 Hydrometer

31-4 Barometer

31-5wHygrometer! sqessowint Hrwoasd 31(

A chemical element is found to consist of
several substances of different atomic
weights and identical chemical properties.
These substances are called

32-1 allotropic forms.

32-2 isotopes.

32-3 electrons.

324 deuterons.

32-58111s0harsa Hpuol ad Bluows tetel s +32(
The symbol above represents a

33-1 dynamo.

33-2 galvanometer.

33-3 transformer.

33—4 storage cell.

33-5 radiotube. . . . . . . . . . . .33(

Amino acids are the units that make up the
chemical structure of

34-1 proteins.

34-2 urine.

34-3 gastric juice.

344 vitamin C.

3455 vfatg, waparaly (PRI HEE [ S 34(

35.

36.

37.

38.

39.

40.

41.

A Geiger counter is a device used to

35-1
35-2

35-3
354
35-5

detect deposits of iron ore.

count numbers of electrons passing
through a wire.

measure light intensity.

detect radioactivity.

countarticles automatlcally by using

an electriceye. . . . . - . . 35( y

Carborundum is a compound made up of

carbon and

36-1 oxygen.

36-2 silicon.

36-3 hydrogen.

364 iron.

36-5 calcium. . . . . . . . ... .. 36( )

A rectifier is a device for changing

371

37-2
37-3
374
37-5

chemical energy into electrical en-

ergy.

potential energy into kinetic energy.
alternating current to direct current.

low voltage to high voltage.

mechanical energy into electrical
energy.. . . . . . . . . . .. W371C )

A temperature of absolute zero is the

38-1
38-2

38-3
384

38-5

lowest temperature
possible.

lowest temperature that has ever

been attained.

point at which mercury freezes.

point at which water freezes and ice

melts.

point used as the reference levél on

all temperature scales. . . . . . .3§( )

theoretically

A burette is a laboratory device used to

39-1
39-2
39-3
394

39-5

weigh accurately small quantities of

solids.

filter precipitated solids from liquids.
decompose liquids by electrolysis.

measure accurately small volumes

of liquids.

evaporate liquid solvents without
decomposing the solute. . . . . . 39 )

The force that prevents a rapidly rotating
propeller blade from flying apart because of
its speed is

40-1 friction.

40-2 centrifugal force.

40-3 inertia.

404 elasticity.

40-5 cohesion. . . . . . . . .. R L [ |
The Eustachian tube is a connection be-
tween the

41-1 eye and the brain.

41-2 ear and the throat.

41-3 trachea and the gullet.

414 nose and the throat.

41-5 earand thebrain.. . . . . . . . 41(
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42.

43.

45,

46.

The deviation of a compass needle from the 47. White blood corpuscles which engulf bac-

north-south position due to the fact that teria are known as

the magnetic pole is not located at the geo- 47-1 platelets.

graphic pole is known as 47-2 antibodies.

42-1 true direction. 47-3 amebae.

42-2 induction. 47-4 ptomaines.

42-3 experimental error. 4750 phagocytes: [0 200 TIRG Ul 118 47( )

424 detraction.

42-5 declination. . . . . . . . . . . .42

A diatom is 48. A Wheatstone bridge is used to

43-1 an atom composed of two protons. 48-1 measure electrical resistance.

43-2 a small animal. 48-2 measure coefficients of linear expan-

43-3 a part of the nucleus of an atom. sion. :

434 a one-celled plant. 48-3 change high voltage to low voltage.

43-5 an electrically charged group of 484 produce a rigid structure with a high

atoms. . ateduzos L43( safety factor.

48-5 determine the resultant of two or

A photometer may be used to measure the more forces acting at an angle. . .48( )

44-1 candle power of a lamp.

44-2 wave length of light.

44-3 index of refraction of a substance. :

448 - Foeat Tengith of & Tetes 49, 'iII;hfelr(ﬁIJ;ir(l)ff:ss of a sound is usually expressed

44-5 speed of light.. . . . . . . . . .44( Yl T

Sound pulsations are made to cause elec- ig_g &?gfyggsg.th'

trical pulsations in a pT i 5 Ry

45-1 photoelectric cell. 49-5 number of vibrations per second. .49( )

45-2 telephone receiver. :

45-3 transformer.

45-4 radio tube.

45-5 microphone. . . . . . . . . 45( 50. The capacity of a metal container used for
measuring quantities of different kinds of

Deuterium is a kind of grain is most suitably expressed in

46-1 oxygen. 50-1 grams.

46-2 hydrogen. 50-2 grams per cubic centimeter. °

46-3 carbon. 50-3 cubic inches.

464 gaseous fuel. 50—4 specific gravity units.

46-5 ronore. . . . . o . . o0 . . . . 46( 5085 poundsidi.la el . sacezsngmo. [g0ins)

Go on to the next part.
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PART II

COMPREHENSION AND INTERPRETATION

(25 minutes)

Directions: This part consists of selections from newspapers, magazines, textbooks, etc. Following each selection are

several multiple-choice items concerning it.

Read the selection carefully first, and then decide on the basis of the

selection which one of the choices given after each question or incomplete statement best answers the question or
completes the meaning of the statement. Make use of your knowledge of science and logical thinking, but assume

that all statements of fact in the selection are true.

For years scientists have dreamed of cheap oxygen.
With it, revolutionary changes would take place in the
smelting of ores, the making of steel, and the manufacture
of synthetic fuels. Coal—even Dakota’s lignite, Minne-
sota’s peat, or the sub-bituminous coal found in more
than half the states—could be caused to react with cheap
oxygen and water to make an inexpensive gas equivalent
to natural gas in heating value.

In 1902 Carl von Linde developed a commercial means
of liquefying air and distilling oxygen out of it. About
30 years later, two chemists, Franz Fischer and Hans
Tropsch, discovered that the gases resulting from the
action of oxygen on coal and steam could be made to
react under heat and pressure to produce cheap in-
flammable fuel gas, gasoline, Diesel oil, and many other
chemicals.

Commercial production of oxygen by Germany during
World War II for use in the Fischer-Tropsch reaction
brought the price of the gas down from $72 to $4 a ton.
By improvement of engineering methods and construc-
tion of larger plants, it was found that the cost of oxygen
could be cut to $2 a ton.

In such a plant air is whirled at tremendous speeds in
centrifugal compressors. Part of this air is allowed to
expand, the expansion lowering the temperature to
—275°F, and causing the compressed air to liquefy.
The liquid air is then piped into a fractionating column
of the type used in oil refineries. Because of their differ-
ent boiling points, the oxygen and the nitrogen in the

liquid air separate. Energy- and cost-saving steps are -

necessary all along the line. The extremely cold liquid
oxygen is circulated through heat exchangers to cool the
incoming air before it is compressed. Also, at the point
where the compressed air expands to produce the re-
frigerating effect, it is passed through a turbine which
produces the power to run electric generators.

Cheap oxygen’s greatest impact will fall on the coal
industry. Powdered coal, even though of low quality,
can be burned at the mine in a chamber under pressure
in the presence of oxygen and steam. This reaction
produces inflammable hydrogen and carbon monoxide,
plus some methane, the chief constituent of natural gas.
This gas has high heating value and may be transperted
by pipe line at a fraction of the cost of rail transportation.

If you cannot decide, you may reread the selection. Then put
the number of your choice in the parentheses at the right. ,

Steel makers plan to substitute oxygen for air in open-
hearth furnaces. Heated by gas or petroleum flames,
most open-hearth furnaces attain a temperature of
3300°F. When a stream of oxygen is added, the tem-
perature reaches 5000°F, which hastens the melting time
and quickens the chemical reactions that take place.
This will increase the capacity of open-hearths and blast
furnaces—at least 25 per cent. Cheap oxygen offers a
means of recovering low-grade iron ores from the fabulous
Minnesota Mesabi range deposits and extending the
industrial life of this iron mountain scores of years.

Oxygen will also find jobs in smelting the ores of tin,
lead, zinc, and other metals, as well as in powering rocket
engines. The process described for making oxygen will
also produce the nitrogen necessary to supply almost end-
less amounts of ammonia at unheard-of low prices, and
ammonia is the basis for nitrogen fertilizers and explosives.

1. Which of the following would be the most
appropriate title for this selection?
1-1 How to Manufacture Cheap Oxygen

Commercially

1-2 The Occurrence and Use of Oxygen
1-3 The Coming Age of Oxygen
1-4 The Chemistry of Oxygen
1-5 The Use of Oxygen in Making Syn-

thetic Fuels. . . . . 1( )
2. The best source of cheap oxygen is
2-1 water.
2-2 rocks.
2-3 natural gas.
2-4 nitrogen.
2-5 air. . . .. .. e e e e e o200

3. The high cost of oxygen has been due prin- ,
cipally to
3-1 its scarcity.
3-2 its chemical activity.
3-3 lack of efficient means of producing
low temperatures.
34 its limited uses.
3-5 the abundance of cheap substitutes. .3( )

Go on to the next page.



S

In the production of oxygen, which of the 9. Oxygen and steam may be made to react
following occurs when the incoming air is with coal under pressure to form

compressed? 9-1 natural gas.

4-1 The temperature of the air increases. 9-2 rayon.

4-2 Power is produced to run generators. 9-3 carbon monoxide.

4-3  The air is immediately liquefied. 94 low-grade ores.

4-4 The temperature of the air decreases. 0-5 -gasoliffel g engnm Bis gordn deblunolr 9( )

4-5 Oxygen is separated from nitrogen. .4( )

10. If the cheap oxygen prodqced by the im-
One of the by-products in the Linde oxveen proved process described in the selection
process is e " ok were used, what would be the cost of the
oxygen necessary to burn four tons of alco-
hol in a rocket, if two tons of oxygen were
used up in burning one ton of alcohol?

5-1 ammonia.
5-2 methane.
5-3 carbon monoxide.

5—4 hydrogen. 10-1 $8
Sl ORI G sowcbus! v Vet oe ! 28T ) ig:g %;g

g . . 104 $144
The liquefying temperature of oxygen is 108 285767 o5 o aa 10( )
nearest to
6-1 —275°F. 11. The greatest decrease in the cost of oxygen
6-2 OOF- was brought about by its large-scale use in
g:i 323805 in the manufacture of

o ' 11-1 ammonia.
68, ~ BOOUTT. . o e SN AR Y 117 ot
11-3  synthetic fuels.

The Fischer-Tropsch reaction produces 11-4 inflammable hydrogen.
7-1 carbon monoxide and hydrogen. 11-5 liquidair. . 5% . .. ...... 11( )

7-2 synthetic gasoline.

7-3 cheap oxygen. 12. The cooling effect of the expansion of the
7—4 liquid air. air which occurs in the production of oxy-
7-5 amefias | 7By Sapgymeo ) gen is a phenomenon which

12-1  occurs only because the temperature
is already at a low point.

In addition to the uses mentioned in the 12-2 is a peculiarity of air.

selection, it is possible that cheap oxygen 12-3 occurs because the gas was originally .

might also b.e USP:d' ; under a low pressure.

8-1 for filling dirigibles and balloons. 12-4 is caused by the liquefaction of part

8-2 as a household fuel. of the air.

8-3 for filling automobile tires. 12-5 occurs when any gas expands.. . .12( = )
84 in welding.

8-5 for filling fire extinguishers. . . . . .8( ) w0 Ut of cetlen ¢

Go on to the next page.



Itis a common observation that the evaporation of any
liquid causes a reduction in the temperature of the re-
maining body of liquid. This phenomenon can be simply
interpreted in terms of the following assumptions of the
kinetic theory:

a) All substances are composed of small, separate par-
ticles (molecules) which are in constant motion.

b) At any given temperature, the molecules of a sub-
stance move with different speeds. Some are almost
stationary, some move with very high speeds, but most
molecules move at about the average speed. Molecules
do not move at constant speed, but alter their speed upon
collision.

¢) The temperature of a substance is a measure of the
average speed of its molecules. The greater the average
speed, the higher the temperature.

When a liquid evaporates, molecules of the liquid es-
cape into the space above the liquid. The molecules
which escape are those which are moving rapidly enough
to overcome the attractive forces of their neighbors. It
follows, therefore, that the faster molecules will escape
from the liquid, leaving the slower molecules behind. As
a result, the average speed of the molecules left in the
liquid is lower than the average speed of the original
molecules. The temperature of the remaining liquid is,
therefore, lower than that of the original liquid.

13. The evaporation of part of a liquid results in,

13-1 a decrease in the average speed of
the molecules of the liquid.
13-2 anincrease in the temperature of the
liquid.
13-3 an increase in the rate of collision
between molecules of the liquid.
13-4 an increase in the average speed of
the molecules of the liquid.
13-5 a decrease in the amount of vapor
above theliquid. . . . . ... .13( )

14. Which one of the following statements de-
scribes a property of the molecules of a
liquid?

14-1 The molecules all move with the
same speed.

14-2 The molecules exert attractive forces
upon each other.

14-3 The molecules decrease in speed
when the liquid is heated.

144 The molecules move at a constant
speed if the temperature of the liquid
changes continuously.

14-5 The molecules go into the vapor
state more rapidly if the liquid is
cooled. . . . . . . . .. L14( )

15. Evaporation lowers the temperature of
15-1 only heavy liquids at high tempera-

tures.
15-2 only light liquids at low tempera-
tures.
15-3 only liquids whose molecules move
rapidly.
154 only liquids whose molecules move
slowly.
15-5 any liquid at any temperature. . .15( )

16. At which one of the following temperatures
do the molecules of a given substance have
the highest average speed?

16-1 10°C

16-2 20°C

16-3. .30°C

164 40°C

16+5 2130°Q75 70 10 2 Uis1aq o), SARCRNDE TeR )

17. The lowering of the temperature of a liquid
by evaporation was probably first discov-
ered by

17-1 deducing the consequences of the
kinetic theory.
17-2 controlled experimentation.
17-3 speculation.
174 observation.
1758 AnsDUalIon. - . . o e T Crodate )

18. Which one of the following is most likely to
occur when a very rapidly moving molecule
collides with one which is practically sta-
tionary?

18-1 The rapidly moving molecule will
gain, and the stationary molecule

' will lose, kinetic energy.

18-2 The rapidly moving molecule will
lose, and the stationary molecule
will gain, kinetic energy.

18-3 Both molecules will gain kinetic

energy.
184 Both molecules will lose kinetic
energy.
18-5 The kinetic energy of each molecule
will be unaffected. . .. . . . . .18( )

19. One can infer from the passage that the

cooling of any substance results in a de-

crease in the

19-1 weight of the molecules.

19-2 decomposition of the molecules.

19-3 volume of the molecules.

194 number of collisions between the
molecules.

19-5 attractive forces between the mole-
CUleSiziirees v v v v w8 w0 & . TO( PEEY
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The great botanist Sachs was interested in the factors
which affect the process of sugar manufacture (photo-
synthesis) in the green leaves of plants. These factors he
thought to be the illumination, the temperature, and the
carbon dioxide content of the atmosphere, assuming
otherwise normal growing conditions. In order to de-
termine whether or not light was essential to photo-
synthesis, Sachs carried out the following experiment:

Early in the morning of a warm, sunny day he cut a
given area from one half of each of a number of leaves.
This tissue he deprived of all its water by heating it to
100°C until it lost no more weight. In the late afternoon
he cut from the intact halves of the same leaves an area
of leaf tissue equal to that which had been taken in the
morning. This leaf tissue he also deprived of its water.
Upon comparing the dry weights, he found that the tissue
taken in the evening weighed more than that taken in
the morning. The difference represented only part of
the material manufactured by the leaf surface during the
day, for some of the sugar made was conducted away
from the leaf and some was lost by respiration. When
the experiment was repeated with plants which were kept
" in the dark during the day, he found no increase in dry
weight.

20. In the experiment, Sachs wished to discover
whether
20-1 the raw materials of photosynthesis
are carbon dioxide and water.

20-2 sugar is a product of photosynthesis.

20-3 a warm day is needed for photo-
synthesis.

204 carbon dioxide is needed for plant
respiration.

20-5

light is needed for the production of
sugar by plant leaves. ... 20( )

21. *“Otherwise normal growing conditions”
(line 6) probably means
21-1 average soil and water conditions.
21-2  conditions necessary for rapid growth
of the plant.

21-3 good atmospheric conditions.
21-4 the best possible atmospheric and
soil conditions.

21-5 bright sunlight. . . . . . . o s AL )
22. One of the materials consumed in the proc-

ess of photosynthesis by a plant is

22-1 light.

22-2 starch.

22-3 sugar.

22-4 carbon dioxide.

22-5 chlorophyll.. . . . . . . . . .. 22( )

23.

24,

25.

26.

g

Sachs would have found a greater increase

in the dry weight of the leaves if

23-1 it had not been such a warm day.

23-2 conduction of sugar away from the
leaf had not occurred.

the first weighing of the leaf areas
had been done the evening before.
transpiration had occurred.

respiration had occurred. . . . . .23(

23-3

234
23-5

Sachs had to repeat the experiment using
plants kept in the dark in order to

24-1 prevent the evaporation of water.

24-2 prove that sugar was formed.

24-3 demonstrate that darkness is not
healthful for plants.

244 show that all plant activities go on
in darkness.

24-5 demonstrate the necessity of light

for an increase in weight. . . . . . 24(

The most justifiable conclusion which Sachs

could draw from the experiment was that

25-1 glant leaves absorb water during the
ay.

25-2 the increase in weight of the leaves

is caused by the absorption of car-

bon dioxide.

light is essential to the increase in

dry weight of the plant.

light falling on the plant causes the

leaves to consume oxygen.

carbon dioxide is absorbed from the

RiR =21aTe VL7 1o gauepon, npitulpgsh

25-3
254
25-5

To round out the evidence secured from
this experiment, Sachs should have carried -
out another to determine

26-1 the amount of carbon dioxide lost
when the leaves were heated.

26-2 the necessity of high temperatures
for photosynthesis.

26-3 whether carbon dioxide is formed in
photosynthesis.

264 the amount of water needed by the
leaves.

26-5 whether the increase in weight was
caused by formation of sugar. . . . 26(

Go on to the next page.



Solubility in Water of Certain Compounds

The following table shows the number of grams of the solute that can be dissolved
in 100 grams of water (the solvent) at the temperature indicated.

Solute 0“C 10°C 20°C 30°C 40°C
Borig atdtl s, .4 5 0eiat T 2.59 345 4.8 6.3 8.0
Calcium hydroxide. ........ 0.185 0.176 0.165 0.153 0.141
Lithium sulfate............ 26.1 25.9 25.5 25.1 24.7
Potassium chlorate. ........ 3.3 5.0 74 10.5 14.0
Potassium chloroplatinate... 0.74 0.90 1.12 141 1.76
Potassium nitrate.......... 13.3 20.9 31.6 45.8 63.9
Silver nitrate. . 5.1, ... . 122.0 170.0 222.0 300.0 376.0
Sodium chloride............ 35.7 35.8 36.0 36.3 36.6
Sodium iodide............. 158.7 168.6 178.7 190.3 205.0
Sodium tetraborate......... 13 1.6 27 3.9 6.3
27. A 100-degree change in temperature causes 30.
the smallest change in the solubility of
which one of the following substances?
27-1 Boric acid
27-2 Lithium sulfate
27-3 Sodium tetraborate
274 Potassium chlorate :
27-5 Potassium chloroplatinate . . . .27( )
28. A solution consisting of 3.19 grams of po-
tassium chloroplatinate in 100 grams of
water at 70°C is
28-1 a normal solution.
28-2 a colloidal solution. 31
28-3 a saturated solution. :
28-4 an unsaturated solution. "
28-5 a supersaturated solution . 2280 - )
29. Which one of the following conclusions can
be drawn from the data given in the table?
29-1 The solubility in water of most of
the compounds listed in the table
usually increases with a rise in tem-
perature, the amount of the increase
varying greatly with the substance.
29-2 The solubilities of compounds in
other solvents, such as alcohol or
benzene, are proportional to their
solubilities in water. 32.
29-3 The composition of the solute and
that of the solvent are the only fac-
tors that determine solubility. y
294 The solubility of any compound in
water is directly proportional to the
temperature of the solution. .
29-5 Water solutions of the compounds in
the table boil at 100°C. . . .29(C )

= L

50°C  60°C  70°C  80°C  90°C  100°C
10.3 129 13.7 19.1 23:3 28.7
0.128 0.116 0.106 0.094 0.085 0.077
24.5 24.2 23.8 23.5 23.2 23.0
19.3 24.5 31.2 38.5 46.9 57.0
2.17 2.64 3.19 3.79 4.45 5.18
85.5 110.0 138.0 169.0 202.0 246.0
455.0 525.0 595.0 669.0 780.0 952.0
37.0 313 37.8 38.4 39.0 39.8
227.8 256.8 294.0 296.0 299.0 302.0
10.5 20.3 24.4 31.4 40.8 52.3
Which compound shows the greatest per-
centage increase in solubility from 0°C to
100°C?
30-1 Potassium nitrate
30-2 Sodium tetraborate
30-3 Boric acid
304 Potassium chloroplatinate
30=5 U silver nitrate ', . . SUIETIGEL C 30( )
Potassium nitrate is more soluble in water
than is sodium chloride at
31-1 all temperatures.
31-2 no temperature.
31-3 only one temperature.
314 only temperatures below approxi-
mately 23°C.
31-5 only temperatures above approxi-
mately 2300 e e e st oLl . )
The effect of a rise in temperature on the
solubility of lithium sulfate is similar to the
effect of a rise in temperature on the solu-
bility of
32-1 calcium hydroxide.
32-2 potassium chlorate.
32-3 potassium chloroplatinate.
324 potassium nitrate.
32-5 sodium iodide. .32( )

Go on to the next page.
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33. What will be the result if 50 grams of silver 35. What is the lowest approximate tempera-
nitrate are thoroughly mixed with 10 grams ture at which 20 grams of potassium nitrate
of water at 30°C until as much silver nitrate will dissolve in 10 grams of water?
as possible is dissolved? 359" 0PE
33-1 All of the silver nitrate will be dis- 35-2 10°C

solved. 35-3 20°C
33-2 40 grams of the silver nitrate will be 354 90°C
undissolved. 35-5 Some temperature above 100°C . .35( )
33-3 30 grams of the silver nitrate will be
undissolved.
334 20 grams of the silver nitrate will be
undissolved.
33-5 The mixture will be a very dilute
solution. . . . . . .. ... ..33 ) 36. If a cubic centimeter of pure water weighs

one gram, the weight of 10 cubic centi-

34, At approximately what temperature are meters of a saturated water solution of
the solubilities in water of lithium sulfate silver nitrate at 40°C
and sodium tetraborate the same? 36-1 is 10 grams.
34-1 58°C 362 is 37.6 grams.
34-2 60°C 36-3 is 47.6 grams.
34-3 68°C 364 is 386 grams.
344 173°C 36-5 cannot be determined from the
34=5 78°C. o « o s sV Sy 34( ) table. . . . . . ... ... .. 36( )

If you finish before the time is up, you
may go back and work on either part.
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Number wrong
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Amount to be subtracted

Number right

Subtract
(See table above)

Raw Score on Part 11 = Difference



