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THE VALUE OF LABORATORY WORK IN THE NATURAL SCIENCES 

FOR STUDENTS IN PROGRANS OF GENERAL EJUCATION 

CHAPTER I 

INTRODUCTION 

General .ducat1on 

Most of the current programs in higher education 

are either part of general or special education. While 

it would be relatively easy to ive a definition for spa- 

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 'enerai 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- 

1UITÌ pattern in the several 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 sûrvey 

courses, hence some of the opposition to general education 

from both the special and the liberal arts education 

proponents (31, pp.l-57). Actually It need not be a 

choice between general and special education at ail, but 
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rather a rccogniton of the fact that present-day living 

requires both the breadth of a ger&eral e!ucation and the 

pccializt1on which Is iríost necesry to vocational 

success In corplex techno?oc1ea.L aze. 

For thoe who look to lIberai othcation as the so- 

lution, It right be pointed out that liberai education, 

per se, hs lost Its historce1 meanng n our moLsn so- 

ciety iiere niost of Its SL.UdCntS will hardly enter a life 

of Inte1iectu1 leIsure as a separate class of free men. 

In practice, ronicaliy, we find. many of the liberal trts 

1nt1tutio.ns competing in the fields of secialt*d studies. 

For the purpose of this dIscussion tt least, though cori- 

currenee can read.ly be found, iibral education or at 

least Its lower dIvision portion wIll be taken to be co- 

equal with generai education or its mocìcrn extension to a 

society where freedom and an onportunity of an education 

are the prerogatives of all of Its members. The :erìer1 

education nove:eat CûUld in a ssa be looked ipoì as tue 

swinin of the pendu1uri back toars unitv from Its re- 

cent position of extreie diversIty under Vne elective 

system which accompanied the risa of special education. 

.nera1 duatI.in. in the aatural Scicnces 

rrwin. tr concept of generai education down more 

secifIosl1y to ti-io natural it could be considered 
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as the science eìueat ; iuri o the "non-c1ent5t' or the gori- 

eral students who are :Lntereted it the nqtural sciences 

only to the extent of obtaining a rriore 1ntei1ent under- 

standIng of their natural environment and a cultural apere- 

dation. T great advacez of natural cience over 

the last few centuries and theIr ever-widenIng inpact dur- 

lnR the iat few decade upon oe1ety a whole would elo 

seem to demand an ever befter acquMintence on the pert of 

its members with the natural sciences as part of their 
generai eúucation. 

lariier in this century it became apparent that most 
of the established single sctience courses, because of their 
professional emphases and lack of breadth, did not f.ilf ill 

the needs of the general student. Many thoght the answer 

was to be found in survey courses in each of the two 

branches of the natural scIences (31, pp..6-7). 1th the 

great and ever-expanding body of knowled;e represented by 
these two areas, the frequent attempts in survey courses 
to cover the wtole 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 a number of otcer 

approaches gaining in favor, among them the historical and 
a more intensive and integrated study of selected topics, 
while others are working on adapting single science courses 
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to the purposes of general education. With the course 
organization and topic 3election left to individual in- 
stitutions and Inmtruotors thi3 hs in effect led to many 

diff6rnt proraiìis which, however, may only be a natural 

concomitant of any nw end ex:erienta1 pror These 

courses are nearly all terminal in nature, however, and 

do not in thexslves pose a eriou problon except that 
high scholastIc standards should rosin the watchword for 
all of thera. The nunierous reporte of syripos1a, cc11oqua, 
surveys, and b±bliograçhie appesrin in the literature by 

those engaged in teaching the physical 3c1ence &re proof 

ol the existing Interest In the problems of general educa- 
tion coursez In the naturil scIences. Many of these re- 

port3 also point to th& ¿res.t need for torc evaluatIon of 

these courses, which especially difficult due to their 
broader aims and iessr ep1ìasis on factual knowledge alone. 

iaboratorj ork in Generai ducaticn ;;clence Çourses 

If one biere to SIngle out the one iost Important 
factor which contributed to the great advance of the natu- 

rai sciences over the last fe ceiturIes, lt wonid likely 

be laboratory experimentation. It is, therefore, only 

reasonable that individual laboratory rk s recju1Ite to 

the training and education of all scientific workers. 

While it would be readily agreed that the education of the 



specialist arid of tne enerai student of science will 
difIer greatly in some of its aspects, there needs to 

remain a common ground in their euucation if they are to 

be mutually helpful. It wouLd seem tiat the laboratory, 
the wellspring of most scienti1ìc cnowiede, miht well 

'rovide this ideal common round. ruglak (39, p.i8L) 

states: 
I do not believe it is possible for a 

student to understand what science is like, 
what scientists are like, without sorne first- 
hand experience with the objects, tools, and 
methods of science used in the laboratory. 
4ost science teachers do agree that individuai lab- 

oratory work is an essential part of any study of the nat- 

ural sciences including programs of general education, arid 

a majority of the institutions which offer these courses 

have laboratory work in conjunction with thorn (3L., p. ¡1). 

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 proceaures 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 work1T? some even re- 

fer to it as academic peralty. Certainly in many cases 

work Ic carried on with cornlete "cook book" instructions 
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aimed at confirming already known facts with an often un- 

warranted stress tor 1rec1sion and under supervision of 

assistants who at times lack in Interest and experience. 

hi1e the described situation is by no means a fair repro- 

sentatlon of exlstinr conditions, lt Is certainly also 

true that such laboratory work will be even ies satisfac- 

tory to the needs of eneral education. All laboratory 

work should, whenever posîihle, allow for soie sPIrIt of 

inquiry and creativeness demanding both the powers of ob- 

jective observation and logical reasoning. 

Statement and Importance of iroblem 

Because the general education approach la a vey 

recent trend as compared, for example, with liberal educe- 

tion, one might well question its present and future in- 

fluence. BuliingtorL (13, p.272) In answering for the 

natural sciences says: TGeneral education science is 

rapidly occupying a position of importance in college 

curricula. It is growing in prevalence, popularity, and 

respectability." 
Coupled with the fact that a majority of the In- 

stitutlons 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 iirportant issue. 
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In the summary chapter of his work 3c1ence in 
General Education, McGrath (L.8, p.392) in discussing the 

laboratory says that 
One of the unanswered questions about 

science for students who do not expect to jur- 
sue a scientific career concerns the amount 
and kind of laboratory work they hodd have. 
Though there are some stout defenders of the 
idea that such instruction can be dis:eriseQ 
with In general education, the majority are 
of the contrary opinion. 

i'ntrekIn (27, p.276) In an article with the saine 

title as McGrath's concurs, and in addition suggests some 

reasons for the omission of laboratory work at sorne Insti- 
tuti one: 

The problem of laboratory work for gen- 
eral education in science Is one on which there 
is a ;reat divergence of opinion. In the na- jrity of cases some type of laboratory work 
Is offered. In many institutions where labor- 
atory work Is not included, it Is the lack of 
physical facilities arid staff rather than lack 
of belief in its Importance that has been the 
determining factor. 
A physical science work .roup of 2 representa- 

tives on the same problem of the place of the laboratory 
recommended as one of their proosals (2Q, p.181) 

That a study be made of the velue of 
Individuai laboratori exerlence In attain- 
Ing the objectives of science courses in 
general education as contrasted with the 
cost of setting up such facilities in terrrs 
of money, space, manpower, and tirre. 

ru:;!lak (3(), pp.197-202) states that "ivaluation 
studies on iaboratorj work In General 1 ducat1on are 



practically non-existent. " In his summary be pointa also 

to the urgent need for experirental investigations on lab- 
oratory teaching and concludes that 

Until more valid inîormation becomes 
available the qaiity of laboratory work will 
continue to reflect the ioods and opinions of 
administrators and teachers rather than the 
needs of students. 

The pLrpose of this study is to determine if indi- 

vidual laboratory work in the physical sciences contrib- 

utes to the over-all aims of generai education. ror this 
purpose it is believed that the objectives for general 

education science courses formulated by the science Corn- 

piittee of the Evaluation tudy of the AmerIcan Council on 

ducetion (33, pp.l33-l3L) which are 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 stdy. 



CHAPTER II 

i)ESIGN OF THE STWiY 

and Subjects 

The stud was conducted during iÀe 1953-5L. school 
year at tne Oregon College f Education In Monmouth and 

the Southern Oregon College of Education in Ashland. Both 

iIìStitUtlQflB can be colLsldered to b reprentative state 
teciers colleges with regular school fear enruliment$ of 

about five hundred or more students and with the iaajoritr 
of the stuUents enrolleu in e1erientary ethcation. The 

reasons for conducing the study at two institutions were 

to increase tiac size of th sainie and also to iiximize 

the personal 1'ctors by having two different instructors 
at separate Institutions. 

The basis for this study was a course in the physi- 
cal sciences w1ich in the crricult of the institutions 
is consiciered to be an Irìtegrl part cf the general edL- 

cation program rather than part of the professional edu- 

cation (53, .1). The course is described in the general 
catalog (, p.ö) of the regoxì Coilee of Education as 

follows: 

f_ic. 201 ,2C2,203. Fcundatìons of liìysi- 
cal Science. 3 hours each term. A course 
in the elements of the branches of physical 
science, i.e., astronomy, chemistry, geolog, 
meteorology, aria physics. udy of the de- 
velopment of these fields from their earliest 
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historical bo;lnnings to their present-day 
positions and effects on society. articular 
emphasis is placed on the development of sci- 
entif le 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 a moro intensive rather than extensive emphasis by 

limiting the number of topics In each of the five branches 

and avoiding overlapping with eor:raphy and mathematics. 

The guiding objectives used Cor this course raa be 

dlvldei into: (7, p.l) 
A. General objectives 

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

2. To show the Interrelations of the 
various branches of physical science 
which will enable students to ob- 
tain a unified picture of their 
physical environment. 

B. Specific objectives 

1. To provide the fundamental back- 
ground necessary to an understand- 
Ing of the basic princip les covered 
in the different branches of the 
physical sciences, an understanding 
which should lead to greater appre- 
elation and enjoyment of their hys- 
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 thorouhness, 
thus acquainting students first hand 
with the methods of the natural sci- 
onces. 
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During tiø suniirer of 19j3 the respective inatrc- 
tora at the two instltutlen3 jointly p1anne.t the ietai1s 

for conducting th coire. Agrìement r8ae16d in the 

selection oI a text (1L), a laboratory xaira1 (rd), audio- 

vi.9ual aids, and para111 lecture ad laboratory a28iA- 

tent schedules for the whole corse. Collateral reading 

in the current periodical lIterature was a regular part 
of course asignients. he student3 were aio expected 

to perform during each term a laboratory project of tieir 
o.$Jn 3election. A iiore coxplete outline of course organi- 

zation and laboratory work nay be found In the literature 
(9). Per3or1a1 v1its by the wrIter, and correpoxidence 

between the instructors kept the programs at the two in- 
Btitutioxls as nearly parallel as poesible. It ehould be 

pointed out, however, that certaIn differences did exist 
such as class sizes which were determined by indlvlddal 

teaching loads, and course eariinatione. ThogIi agreement 

was reahe'1 tr puint of view ori testing, each instructor 
coxitxcted his own exeninations for actual course per- 

formance evaluation, and only the two selected tests for 
th study were adxriinistred under identical conditIons 

foie ptf teS t and post-tos t differences. 

In this study no attìpt was made to e7aivate the 

moro tangible laboratory outcoiries 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 investigator8. 

Nor were lecture demonstrations used in competition with 

individual laboratory work for it was felt by the instruc- 

tors of the course that lecture dexnonstrations, 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 urvey. 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 abilities are some of the variables which were 

not taken as factors into the studj. prom the data ob- 

tamed on the backgrounds of these students, however, it 

can be said that the groups were a fairly represe-itative 

cross section of students found in reneral education 

science courses. 

It was also decIded to bring a third Institution, 

Oregon ¿tate Co1le;e, at Corvallis, into the study for 

comparison but not in a arailel partIcipatIng manner with 

the other two institutions. The equivalent course, entit- 

led L-hysical Science Survey, Is offered at Oregon State 

Colieje under a different course number, OES 1OL.-6. It 
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carries four hours credit each term and has a different 

laboratory program. Icwover, the same text WItS used, with 

a amular assignient schedule, and the same pre- nd :.ost- 

testing progra'n as at the other two institutions was car- 
riad on. 

For a further and rore ccmiete descrition of the 

student groups see Table I. 

Procedures 

Section aasimrr.ent and testing. 

At registration time during the fall term all stu- 

dents registering in the course signed up for one of the 

roRularly 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 durin the first 

two reu1ar lecture periods. After the tests were con- 

eluded but before processing them the instructor met with 



Sex 

1L. 

TABI I 

LSCRITION OF SfUDNT GÌOUJ 

OGE SOGE OSC 

Lab. Lect. Lab. Lect. 

N 22 29 214. 37 29 

N 27.3 37. ¿45.9 

72.7 ,8.6 62.5 

C1as 

Fresh. 

Soph. 

Other 

Ed. Major 

Course G.PA 

22.7 17.2 70.3 70.3 20.7 

68.2 65.5 21.6 51.7 

9.1 17.3 16.7 8.1 27.6 

90.9 96.6 91.7 86. 62.1 

2.17 2.23 2. 25 2.29 2.87 

22 26 23 3L1. 27 

ACS )ec. Av. 6 (.5 ¿4.14. )4..8 

Figures for sex., class and major aro er cent. 
*Nuber for which ACE Information W9.i vai1b1e. 
**Flgure for OSC not comparable to others as explained in 
Chapter IV. 
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the Coordinator of Inetruction to determine by the toss of 

a coin which of the two lecture sections was to have the 

reu1ar laboratory pz'orari w.tiii the other would have a 

lecture poriod irt it place. 

Th c1acs In ach nztitutiorì were then conducted 

throughout the year in a similar a manner a possible as 

px'v1ousiy outflne, J.l of the rej1ar1y enrolled abu- 

dents took the pott-teat during the last week of the 

spring term. The losses froìi. t;he oriinai enrollment to 

the rina]. figures ïven In the study were due to a nurber 

of causes such as students droppinr, the course, withdraw- 

Ing fron school, naeding only oria or two terms to complete 

the sequence, or In a few unavoidable cases changing sec- 

tions, but by far the ìorest loBs was due to a terminating 

three-Zïoar prograrii In elerentary oducation in the 3tete for 

which only one term of the sequence was required. Only the 

re sul ta of those a tudents who compie ted the year 's program 

in their respective sections were used in the study. 

e1ction of cbectives and tests. 

!ecause of the greater diversity In ,eneral education 

science courses between institutions, their evaluation Is 

more difficult than Is the case with specialized science 

courses which are much more uniformly conducted and for 

which natona1 profasIzrial crous have esthJi&ìed 
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tndardized tot. 

Crt3th1y the electior o prrriat a1ni 02' Qb- 

jective iiut precete th ch1ce of ny va1iatin; inítr'u- 

mnt'. Pt tMR tnt o can 1thr u a 1iit o objcL- 

ives froni peronai experIence, phi1oophy, and local dr- 

cumstance a ha &1ready esr r've't, or 1oo about for 

rcnized eteJ'iihed 11st which re th reii1t o cm- 

sidered compote OpinIOn of experienced wokerr in th. 

fIeld. It felt that the latter npproach would be the 

ìrore widely zcceptRbie tton. on .earcha the lit- 

erature for etsbflshed iitì, one fir.d that ccie of the 

basic works ori general educaHlon such a the Report of the 

Fiarvsrd Conrnittee (31), the Report of the kreident's 

Comrission ori Higher Education (69), the Yarbook on Gen- 

eral ducation by the National Society for the Study or 

Education (50), and the more recent and ocifie work on 

Creneri Education in science (16) do not have any concise 

statement of objectives. Bu11inton (13, pç'. 269-270) 

found from his very comprehensive survey that about 75 

different object1ve were in use by the 720 intitutioiia 

investigated, writch h rouped into sovn cate or1as. 

McGrath (L8, pp.386-391) in hIs volume on 22 gener1 tdu- 

cation science proprarris at aa many dltfei'ont institutions 

found that most institutions had a list of about ei,ht or 

ten obectve but that most of the co2ìd b classified 
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under a few major headings. From his discussion, also, 

one can discern about seven. 

The Science Committee of the Evaluation Study of 

the American Council on :ducation, in attempting to ar- 

rive at ape cific objectives for generai educstion science 

courses, presented the following list to a group of some 

thirty teachers in the field at a Conference on General 

Education (33, pp.l33-l3i). 

To develop ifl the students: 

I. Knowledge of facts, laws and priri- 
ciples in the body of cubect 
matter studied. 

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

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

Lj.. Ability to recognize the need for 
additional scientific knowledge In 
a new situation, and the ability 
to acquire It. 

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

6. Ability to read and evaluate pop- 
ular writino; scientific devel- 
opments. 

7. JIllingness to face facts, to 
revise judnents and to change 
behavior In the 1icht of appro- 
priate evidence. 



8 Udertand1w the r31e--d.evelop- 
ment, importance and limitations-- 
of science In the modern world. 

hi, 11t which i retresentctive cf the current 

trend end wa also copatib1e with the existent prorams 

*t the two inatitutions of the tud.y was therefore con- 

eidered to he valid for the purposes of thIs study. 

The wrIter feei5 that the contributions of Individ- 

ual laboratory work to the above objectives may be found 

in the following msnifeststions: 

1. A knowledge of facts, etc. 'pore fIrdy fixed 

by the opportunity 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 raphs not only by the actual interpret- 
ative use of existent materials but also by 

constructing some of these devices on the 

basis of experimental data. 

¿4.. possibly better recognition of the need 

for additional scientific knowledge and the 



ab1ltis and Methods for aequ1rir it. 
A real urAderEtanding of the point of view with 

which a scìrtit approaeMe his prob1exis in 
the per1'oriranee of' laboratory epeiiments 

which require per1dic decisions by the stu- 

dont, and crtaizÀ1y of the kinds of things he 

je s. 

6. Mi enhanced ab1ity to read and evaluate popu- 

lar writirLg on scient1fi aeveloprnents b an 

operational acquaintance with oie 01' the basic 

units, terms, tools, and procedures of the 

practicing scientist. 
7. An Opportunity to encounter laboratory situa- 

tiona which will require nakin: decisions on 

the basIs of experimental facts and not just 

routinely confirmIng a],r'eady known f aces. 

8. A better understanding of' the role cl' science 

in the modern world on the basis of personal 

discoviry 01' a; least sono of the elements 

involved in scientific development. 

The directions for the laboratory experinents 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. 



The next step, obta1n1np a test or tests for the 

evaluation of these objectives also resolves Itself either 
in constrActin such instruìients )r selecting from avail- 

able standardized tests and açain it was felt that the 

latter course, if possible, would be much i'iore generally 

accetable. For this purpose a search of available tests 
frorri testing oran1zat!ons, pub1ihiìiR houses, and pro- 

fessional ormnizatons was nado. t this time it came 

to the wrIter's attention that sorne teats had just been 

released by the Cooperative Stud7 of Evaluation in Gener- 

si ducation of the !ierican council on Education. This 

series was entitled A 'Iest of Science Reasoning and dn- 

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

a group of 22 ol?e;es which wre elnted partly on the 

basis of be1n faIrly well representhtIv of American 

Hither Education (3, p.71). ?e&dng of the coiittees 

work:-ì on .he tests in thIs series, Mayiew (L.6, p.11f) 

says that Th1 combination of teacher rtd evaluator has 

produced test naterials which are respectable fr 
technical standpoint and acceptable to teachers, 

Forn A..-?hysical !cience' was selected £roii this 
group of tests as best suited for this study. Efforts to 

obtain complete Information 1ncludin ien antlysis re 

unsuccessful though the latter is of no great importance 

as no change in the test was contemplated. Some data 
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were round in the Instructor' 

Reliability EstiNste with the 

pre-testing with L39 freshien 

der validity the relationship 

Psychological ìxaiiination was 

the following results: 
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and validity of the test 

Manual (Li., pp.8,12). The 

Tiuder-Richardaon Test for 

hsd an r valuo of .71. Un- 

of this test wIth the ACE 

given among other testa with 

C0RLATi0N C0EF?TCIEN?S 

Ho of No. of Correlation 
Colleges Students Lowest Highest Average* 

Pre-Te8 t 
(Fail, i9:L.) 8 1,010 .37 

Post-Test 
(Spring, 1952) 5 .37 .62 

*Averages were computed by means of the Z transformation 

3tudy No. 7 Uver In the Finsi eport of the Coop- 

erative Study of Evaluation in General Education of the 

ertean Council on Education (5, pp.132-133) is of inter- 

eat because lt shows the influence of a biological science 

course background. The surnîrsry of this study l here re- 

peated. 

At one college the Test of ¶r lence Reason- 
in and Urìdcrstanding in khylcai and 3iologica1 
Science was used with both the biological and 
hisiotd science courses over the carne year per- 
bd. Roth groups made ai,cificant ina on both 
teaLs, out tne gain maue in esch course on the 
test related to that area was alficant1y 
higner than that in the o thor course. Trae indi- 
cation Is clearly that achievement of the objec- 
tives of science reasoning slid understanding 
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involve both knowleà:e of or familiart with 
the material and ability to reason in it. 

The seieced test was a L minute multiple choice 

test conaistlng of 5 questions which are based on five 

reading selections from the different areas of the phys- 

ical sciences. The problems in tnese selections were as 

follois: 

i. Carolina Bays - 13 questions 

2. Cloud Seeding - 13 questions 

3. 'ireon 2i' - 12 questions 

. Heat Theories - 12 questIons 

. Space t'ravel - questions 

This test and the others in truls series having been 

dv1ed by the same organization which compiled true list 
of objectIves sdoptod fori this study was, of course, es- 

pecially designed to evaluate these objectives. The em- 

phasis of those teste Is pointed ut in their description 

(Li., r.q) 

r2he Tests of science Reasoning and Under- 
Btandi are desipned to ;etsurc fh xtnt 'o 
which students can 

1. apply science knowleage to new prob- 
1em and situetIör. 

2. read and eve1utc news arteles nd 
popular writings on scientific de- 
vlop'ren. 

3. undcrstrid the olt of view with 
which a scientist approaches his 
rob1erne, e:rd the kind of t.nv 

he cioes. 
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This particular group of criteria wa decided upon 

because it was felt that tney would measure the outcomes 

in terms of the objectives of general education with the 

exception of the factual content matter of the course 

which la quite variable and for which other teats are corn- 

mercially available. With thiB background of information 

in mind a second test was selected to measure this latter 

outcome which covers then, in particular, Lhe first and 

only remaining of the eight stated objectives. This sec- 

ond test Is one of the Cooperative Tests entitled A Test 

of eneral Proficiency in the Field of the Natural Sciences. 

"orm Y of this latter test was used in the fail and 

the alternate Form 2 in the spring. These tests cover for 

the greatest part the physical sciences 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 easoning and un- 

derstandlng Form A was used at both times as no alternate 

forms were available, but in a personal communication 

(l.7) from the Assistant Director of the Cooperative Study 

of valuation in general Fducation of the American Coun- 

cil on Education he stated: "Our own experience, how- 

ever, provides us with assurance necessary to use the 

same form on a pre-test and on a post-test basis. Ìo 



same form practice effect Is miniial." 

study. 
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All forms of the tests used are appended to this 

LiI1 tati one 

In summary it should be pointed out that either by 

design or by existent conditions this study was delimited 

in the following respects: 

I. 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 

tancible outcomes of individuai labor- 
story 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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L. The laboratory and lecture groups may not have 

been entirely commensurable due to inherent 

scheduling procedures. 

5. It was riot feasible to keep the size of the 

lecture sections at the two institutions con- 

s tant. 

6. The selected instruments may not have been a 

true measure of the desired outcomes. 

7. The fact that only two instructors with their 

particular personalities and teaching methods 

took part in the study imposes a limitation. 

8. 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 phy4a meaning nature referred to the observable 

phenornene of the environment as o posed to the metaphysi- 

091. The very growth of this branch of knowledge from 

its beginnings in Greece and in Alexandria, where evidence 

has even been found of the existence of student labora- 

tories under the ktolemies in the third century B. C. to 

the present is closely associated with experimental in- 

qu i ry. 

iuring the Scholastic Period when reliance wa 

placed on the authority of established knowledge, almost 

no progress wa made exceut for sorne work in human ana- 

tomy under ecilar dix'ectïon (73, p.L.9L4). 

The great advance since the Renaissance Is clearly 

associated with the experimental approach, In fact one of 

the greatest exponents of this period, Leonardo i9 Vinci, 

(ib, p.L28) stated it clearly when he said: 

In treating any particular subject I 
would first of all make some experiments, be- 
cause my design is first to refer to experiments 
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and thon 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. 

iractically 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- 

fled enough to be included In the liberai arts curricu- 

lìuîi. 

In 1768 James Smith was appointed the first pro- 

fessor of chemistry and materia medica at the College of 

the Province of New 7ork later Columbia College (7L, p.76). 

John Maclean is believed to have established the first 

chemical laboratory for under-graduate instruction soon 

after his appointment at rinceton in 1795 (60, p.5120). 

Thouth 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 agriculture 

and the mechanical arts, the founding of scientific organ- 

izations such as the American Chemical ?oclety in 1876, 
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and. the inspiration ol' such great teachers as Lou.is Áas- 

siz 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 generai and Cruick- 

shank (19, p.l) expresses it thus: 

The general practico in the univer8ities 
at present is to follow orthodox procedure that 
has come down unchanged In essentials since the 
institution of teaching laboratories just prior 
to 1870. with its standardized experirients, 
laboratory manuals, and 'eneral dullness, this 
method is too familiar to need description. 

Studies on laboratory methods in the natursi sci- 

ences on the secondary level were made earLier and are also 

more numerous than at the college level but this discussion 

will limit 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 generai education made by laboratory work in an inte- 

grated physical science course. A number of stt.dies in 

the separate branches of the natural sciences have been 

reported and inasmuch as they are 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- 

perlinental studies are included in the following 
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chronological account because lt was felt that their per- 

tinence aids in presenting a niore 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-medlcal students enrolled 
In a zoology course at the UniversIty of Pennsy1vani& were 

divided Into two groups, one of which received Intensive 

laboratory work for training while the other received ex- 

tensive laboratory work for Inforratlon purposes. An es- 

peclally constructed test showed no significant differ- 
ences between the two niethods and Colton concluded that 
Instructors should have their own choice of laboratory 

methods. 

3owers (10) In 192L. with much smaller groups of 

elementary chemistry students at the State Teachers Col- 

lege in Colorado tried to snow that laboratory work aids 
in t?fasteflirìg Iniormation. With two sets of questions, 

one on material presented only ifl 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 (3g) in the period from 1926 to i923 conduc- 

ted a number of studies in the !edIcal School and the 
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Departaent of rhysics at thc University of 1nncsota. He 

foind no d1fference in achLevornont in a human anatoray 

c1azì if two or four students worked ori a single cadaver. 

With a cla in human physiology he found that an in- 

creased amount of laboratory work 2howed superior achieve- 

ment which could not be equaled by loss laboratory work 

and an equal number of hours in the library. ?rom his 

studies with physics students it is of interest to note 

that he found raised achievement with items associated 

with laboratory activities; however no evidence was found 

for other class activities. He (3g, p.18L4.) also stated 

that no valid criteria for pairing students for experiruen- 

tal work era round. 

t about the same time Noii (51) conducted some 

studies at the University of Minnesota in the teachinr- of 

chemIstry. In regard to the effectiveness of laboratory 

work he, too, found that general achievement consistently 

increased with the amount of tirio spent in the laboratory 

though the differences were not very siiificant. 

.>ajne (5h) reportei in 1932 on a study on the rei- 
ative values of lecture demonstrations versus individuai 

laboratory work with first year college chemistry students 

at Transylvanla and tnree other colle:es, which indicated 

better progress with the demonstration method, but he also 

states that the study did not produce uMforly 
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1gnificant rosuits. 
i)uel (2) In another phsic study at the Univor- 

sity of 14inneota rroi 1°30 to 13i. on the me9surabIe* 

outcomes of laboratory work for oiìe terri of meenanics, 

found no statistically signifieant diffrerice in achIeve- 

ment or scientific aptitude between the havIn, two 

hor of iab3ratory work er week and those having no lab- 

oratory. The r.ianiu1atIve skIlls of the laboratory groupa 

were of no value th sLbequent terms. 

Barger (8) reorted In 193 on a variation of the 

lecture aemonstratlon method. calleã the class articIpa- 

tion nethod which he claimed to have used succesafully 
since l)1 and for wiich he claimed uperior1ty in regard 

to information and its retention. 

1avighurzt (32) In l93 made one of the early ret- 

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 f them having ben given for 

the first tine during l93. 
Schlesinger (6g) o the University of Chicago staff, 

one of the pioneering Institutions In the field of general 

educatIon, In a contribution to a smposiui on ecturo dem- 

onstrations versus individual laboratory work of the Amen- 

can Chemical Society at its eighty-ninth meeting in 1935 

recommended the use of iniIvival laboratory work for 
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students in generai 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 renerai education 

"it would never be supposed that lecture demonstrations 

can be anything but a poor substitute for individual lab- 
oratory exercises. 

Elder (26) in another report from the same symposi- 

um, however, stated that the lecture-demonstration method 

was well suited for students whose interests were not in 
the sciences. In his conclusions he stateu the need for 

experimental studies. 

Cooke (18) in 1938 suggested another intermediate 
answer to the controversy of lecture-demonstration versus 

individual laboratory work by describin a laboratory pro- 

cedure with pupil demonstration. 

Rosenbaum (6h, described in 1939 some spe- 

cific experiments for a physical science eneral course 

and. stated that 
ìithin recent years the development of 

new general ('survey") courses in the physical 
sciences has brouht with it many problems, 
among which is the question of laboratory work. 
Although many institutions have evaded this 
problem, there is general areement that some 
sort of laboratory work is highly desirable, 
for otherwise students memorize definitions 
and generalizations without adequate recogni- 
tion of their observational background. 
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Adams (1) In 19L12 reviewed the work by Sheerar on 

objectives of general chemistry laboratory work and a 

two-year investJ[2Ion by E. O. Smith into thc relative 

advantae5 of the individual laborstory and the derions tra- 

tion xethods a measured by laboratory perfcrrnce exam- 

mations. Unfort.nate1y the monograph conta1rIng the 

original article3 was found to be unavailable but sum- 

maries of these two studies frorri the revIew by Adams fol- 

low. 

heerar in rep.Liss froni 9 Institutioí in 38 states 

found better than 66 açproval and thus aecetance cf the 

following proposed objectives: 

Chemistry laboratory 1nstrctIon sho.1d: 

a. develop the ability to make oheer- 
vationa, interpret and draw conclu- 
sions from observed facts, 

b. develop the ability to use inple 
scientific instruments and manipu- 
istive apparatus, 

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

d. develop the attitude of drawIng 
conclusions only fror. observable 
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 
previde experience to develop latent 
Interests, 

. provide opportunity for Instruction. 
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substantial areeent with the above objectives is 
indicated by an even more extensive survey conducted by 

Adan hirnelf. 

E. O. Srith felt that the usual paper-and-pencil 

tests do not measure laboratory achievement and therefore 

fail to indicate any marked differences between the dif- 

ferent rethods of teaching. He found that in laboratory 

perfornance teats the students having had indivIdual 

laboratory work perform consistently better. 

Thoss (68, p.379) In l9.3 mad.e sone suggestions 

for the improvenent of laboratory work in chemistry to 

keep it more nearly in the spirit of the scientific method 

by: 

a. including an unknown wherver poEaibie. 

b. avoiding detailed directions. 

C. segresatin. Quetiona of background and 

experimental results. 

d. not. pivinr results of exerments in c1vne. 

e. utiliz1n; results for further work. 

Stewart (67) in l9L$ discussed the need. for crea- 

tive experiences in )eneral educatIon and illustrated how 

it could be met with an . xperin . ant in physics. 

Roller (63, pp.390-391) in a colloquium of College 

Physicists at the tate University of Iowa in 19A4J gave a 

list of "Some easential features and uncommon objectives 
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of a physical science course for the generai student": 

1. 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 

kindercrarten to college. 

3. Physics Is the most logical choice as a core 

for auch a course. 

Lê.. The course should be selective--analytic In 

approach and not comprehensive--descriptive. 

. Genuine and especially designed individual 

laboratory work should form an Interal part 

of the course. 

In l9L6, cunnIngham (20) in one of the most recent 

reviews of studies on the problem of "Lecture -"emonstra- 

tions versus Individual r,aboratory Method in Science 

TeachIng;" summarized that for irniiojiate results the de- 

onstration method is superior while for delayed results 

the individual laboratory method had a slight advantage. 

io'ers (61, p.81) in l9L.7 again 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 scientific 

work--not an intellectual housIng slum. 

ashton (72, . 
288) reported in 1948 on a survey 

of liberal arts colleges in which he found that nearly 
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half had science survey type courses with the majority 

having no laboratory work and concludes "Ind;ividualized 

laboratory work is costly and no one has been able to 

substantiate ail the worthy claims tha are supposed to 

result from laboratory instruction. 
Ahan (2) reported in 19L.9 on an experiment con- 

ducted at Iowa $tate Colleçe in 19L.6 during the immediate 

post-wsr period when that institution was forced to con- 

duct some of their chemistry classes off campus at Camp 

L3ecause 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 1-hour 1ectres, two 1-hour 

recitations, and one 3-hour laboratory period while at 

cailip Dodge a combination recitation-laboratory method of 

three 2-hour periods per weec was tried. The students 

enrolled in this course were freshman en4neering stu- 
dents. Though the students ori the main campus under the 

regular program were slightly ahead in sebievement, the 

difference was not statistically sir!ificant and the in- 

stitution found many desirable features associated with 

the experimental program. 

'ogers (62, p.6OL) in 19L9 In a di.9cusslon of 

general education science courses which Included his 

propos8l of a Block-and-Gap Scheme of presentation of 
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subject matter also made this statement: 

Preaching at students a unique scientific 
method (devised by Francis Bacon) gives a stulti- 
fied picture of scientific procedure which they 
may rightly reject as unreal. We should do bet- 

ter to have then 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. 

Sorwn (66, p.1468) in 1950 in dIscussin. 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 or<anizatIons in cooperation with 

the American Association for the Advancement of cIence 

cites point 8 as follows: 

It is urged that men in the scientific 
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 applies the less to college eneral education science 

courses. 

Bulllngton (12) in 1950 sampled student opinion 

of nearly 300 college freshmen at two liberal arts mati- 

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 $11f htly 



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 19O 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 host cases to be convincing of 

the purporteU values of the demonstration method. 

Bullington (14) in 1951 in a comprehensive ques- 

tionnaire survey on generai education science courses ai- 
ready referred to, pointed out the increased use of lab- 

oratory work from 25-L.l' 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 1J5l 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' laboratory work, and me- 

thods of evaluation. 

Kruglak (L.2) of the (Jniveraity of Minnesota in the 

first of a series of papers on laboratory teachin in 

physics presented in 1951 a list of behavior objectives 
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for 1ebortory instruction. He grouped these into six 
major categories es follows: 

I. Instrumentai Skills 
II. Skills in the use of controlled experiments 

III. Problem-soivng skills 
IV. Miscelisneous skills 

T. Functional understanding of principles. 
9il, rulak, anI Tralnor (71) reported in l9l 

on some work wIth laboratory periornance teats in physics 

for which they found a better spread of grades, motiva- 

tion, and measurement of InstructIonal outcomes than with 

the usual paper-and-pencil tests. 
Barbour (7, ç.66) in l92 discussed the subject 

of inte1ratIon as an obectIve for enera1 e ucation 
physical science curees. He listed the followin aims 

for the course at Kalamazoo College which Included lab- 
oratory works 

1. Undersa:'ìdIng of some of the important facts 
and Drinciples upon which modern science rests. 

2. Insight into some of the basic methods used 
in sci'ntific Investigation: 

a. xperIence In obser'vation, jart1cu- 
larly the "controlled experiment." 

b. IperIence in critical thinking and 
io:ical analysIs. 

C. Apprecl sti ori 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 edIted the papere 

presented et a Workehop in cienco in General EducatIon 

held ct Harvard 1Jn1verity during the euxwìr o 19O. 

Included are sotre reparte ori the experimental programs 

In general education at Harvard University which consisted 

of five lower level cours, tour in the phyica1 and one 

in the biological sciences, on which epert had previous- 

ly been released. In addition to these lower dtvi.ion 

courses evcra1 general education 3c1&nce courses for 

up)erclassmen t "ocond Lce1" are brIfiy 'Iescribod. 

Krulak (F), in another' etudy in l92 compared 

the Individual laboratory method with th diron2tration 

me thod wi th a proup of non- te ehnic s.l e. tuden te in me chsnI e s 

an.d found no ttistica1ly significant differences between 

the two methods except with laboratory perforwence tests. 

In extending this study to studente wthcut. labraty 

work Kruglak (37) obtained essentially the sarre results 

or no ststieticaily in1f1cent dirfercrces in tests cri 

theory but significant differences ori laboratory tests. 
Norroll (L.9, p.80) in a paper presented at the 

122nd Meeting of the Americsn Chemical 

spoke of the increase in interdepartne 

courses for reneral education purposes 

such courses need not be superficial. 

his statement by describIng th' cour'e 

of Illinois. 

'ociety in l)52 

tal science 

siid stated that 

11e il1.strated 

at the; LIveritr 
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ìerI:Aark (6) eportea in 19)3 on 8tucií 3f tìie 

advantaes of a conteïiporary proolem ¡oJv1ng rìethod. over 

an hiatoricai. approach and concIudo tnat laboratory can 

be used to advantage in general ecucatïon physical sci- 

erice courses at the college level without 1088 ot subject 

matter achievement. fIe also found no difference between 

the problem ao1vin arid the lecture-demonstration methods. 

Kruglak arid Canson (L3) reported in ï93 on one 

of their studies on performance tests in physics in which 

they found that the groups with 1aboraory work were su- 

perlon to the no-laboratory group in tests dea1in 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 acta1 

perI'oriiarce tests and that further refineìent of tno 

measuring instruments was needed. 

Blick (9) reported in 193 on a study conducted 

at the University of Connecticut over a period of three 

years using three different schedule patterns in teaching 

peneral 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 prorams 
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having either moro lecture or more laboratory periods with 
the same total number of credit hours for the course. 

ifenshaw (3i4, pp.7L..-75) reported in l93 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 hin and 

concluded that 

..he is convinced that there are now good general 
educnton science courses taught without lahora- 
tory, but few would not be improved with the 
introduction of a 1iiited number of carefully 
designed laboratory activities. Ideally, it 
seems, such activIties will contribute most to 
conmion 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 is, 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- 
ject matter of the course. 

¿4.. hezi tIie# are carried on in an atmos- 
phere In which curiosity Is the mo ti- 
vation, rather than academic penalty. 

. 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 eventer (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 terni. He 

recognized three approaches to laboratory teaching: 

1. Fepetition of classical experiments 

2. Case Studs method 

3. froblem approach. 

He suggested a combination of these by what he 

called UThe i-robiem-Area Approach" which he describeci 

and illustrated in detail. 

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

The use of the usual substitutes for 
Individual laboratory work in enora1 courses, 
particiarly in the form of audio-visual aids 
and demonstrations, while they are very effec- 
tive as teachìing tools, does not really furnish 
an answer to the laboratory question. 

Prank (23, p.l) in speaking. on science education 

In l95L., and including both majors and non-majors said: 

One of the great daners of teaching 
experimental sciences without laboratory ex- 
perierices is that of unwittingly creating in 
a student's mind the notion that science is 
essentially deductive in nature. 

Brown (il) observed in 195L. from a personal survey 

of eleiìentary laboratory instruction in universities of 

England that English students spend more than twice as 



much time in the laboratory as American students do. 

Kruglak (L1.O,Li) in three papers during l9Lj- 

on the measurement of laboratory achievement in general 

college physics by performance tests and by paper-pencil 
laboratory achievement tests found though the latter 

measured elements other than conventional achievement 

criteria, they had few elements in coiimion with laboratory 

performance tests. 
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CHATßk iV 

TESTS AND TREATII4ENT OF DATA 

Tabulation of Data 

The purpoae of this study is to compare two me- 

thods of teaching an integrated generai education course 

in the phyaleal sciences.. Une rriethod includes individuai 

laboratory work while the other does not. The contribu- 

tions of the individual laboratory work to the aims of 

generai education are to be determined by means of stetig- 

tical aneïysis 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 merican Coun- 

cil 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. Test of Science Reasoning and Understanding 

2. A Test of General Proficiency in the Field of 

:!i2. Natural Sciences. 

Future references to these two tests will be made 

simply by Identifying them as the Reasonin and k'roficlency 

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 fest a small though 

not significant difference in the median gains favors the 

:Lecture over the laboratory groups. The mean gains, ori the 

other hand, show no consistent difference between these 

same two groups. 

The median gains for the iieasoning Test are the sanie 

for all of the groups while the mean gains aain show no 

consistent difference between the laboratory and lecture 

groups. It is worth noting that the wein:hted average of 

3.8 for the mean rains with the easoninr Test for the 

four experimental :roups compares favorably with the mean 

gain of 3.37, the available value (, p.128), for 790 stu- 

dents of six colleges. 

The enerally superior performance of the Oregon 

tate 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 compared with only nine credit hours at the 

other two institutions. In addition if the decile rank 

average of .6 for the students of Oregon State Lo1lege, 

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

Bulletin (6, p.17) with that of teachers colleges for 
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TÁ3LE II 

RO?ICIENCY ThST PERFORMANCE 

OCR 30CR OSC 

Lab. Leet. Lab. Lect. 

N 22 29 2L 37 29 

Pre-test 

Range 21-66 1L-62 8-62 8-5L. 17-56 

Ned. 35 35 30 31 38 

Mean 36. 91 38. 69 32. 29 30. 30 38. 21 

Poe t-teet 

Range 28.-70 7-68 0-76 L.-73 33-69 

Med. !1 L4.3 38 36 L7 

Mean L4.1L. L4.79 39.12 37.62 L.7.l7 

Gain 

Med. 6.5 7 .5 7 9 

Mean 7.23 6.10 6.83 7.32 8.97 

s. D. 8. 82 6. 96 12. 10 10. 00 7. 86 

1.92 1.31 2.52 1.67 1.4.8 

All figures are based on raw scores 



TABLE III 

WAS0NING TEST PiOHMANCE 

OCE SOCE OSC 

Lab. Lee t. Lab. Lee t. 

N 22 29 2L. 37 29 

P re - te st 

Range 1138 i4-L.3 11-33 12-35 

Ned. 23 26 20 21 2L. 

Mean 23.14 25.62 20.62 21.11 23.72 

Post-teat 

Ran;e 12-6 17-L.6 13-i4. 11-43 18-39 

Med. 28 30 23.5 25 29 

Mean 27.95 29.21 23.92 25.11 28.14 

Gain 

Med. L. L. L. ¿4. 

Mean .55 3.59 3.30 L..00 

S. .). 14.. 00 5. 91. E. 26 q. 97 !. L.7 

0.8? 1.12 i..jl O.8j o.8 

All figure9 are based on number of right answers 



the other two institutions it wouc1 be equivalent to 6.8 

or the highest for ail roups Jire tire, of course, 

other factors which night affect these results either way, 

such a the differences in tne amount and kífld ol labora- 

tory work, and the course performance evaluation at Oregon 

tate College tS compared with tho other two institutIons. 
The relatively large values for the standard. devia- 

tion of the rLean gains for the groups an their differences 

betwBen the groups point toward a considerable variability 
in the tple pouitton. In three out of four cases the 

greater standard deviation of test 6ains by the ïabr.ory 
groups confirìis the previous fIndin.;s b Johnsox ( 21, 

p.101) and others which they explained to mean that indi- 

vidual laboratori' work provides a greater opportunity for 

expression of individual dffei'ences. 

With the }'roficiency Test the laboratory groups 

indicate a con1tent and greater variability as shown by 

the greater $tanòard deviation. Thia differenc9, however, 

is not consistent for the Reasoning Test, whch might be 

construed to mean that the I'roficlency Test we.s a better 
instrument for hrining out the difierences inì perform- 

ance brought about by the dfforent teaching methods. 

Zo corre1atIon between tìe Merictn ourìci1 on 

Education Psychological ainatiori Total Scores and th. 

two tests used were made because the ACE scores were not 



available for all of the students. It has been found (144), 

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 correlatin.; the gains of the Proficiency and 

the Reasoning Tests with each other, I.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 oriInal data 

according to Pearsonts equation (30, p.159) for the 

product-moment coefficient of correlation. 

TABLE IV 

CORRELATIONS OF PROFICIENCY AWL) REA3ONING TEST GAINS 

r 

00E 
Laboratory Group .008 
Lecture Group .077 

SOGE 
Laboratory Group .158 
Lecture Group .018 

OSO .018 
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Statistical Analysis of L)ata 

The main purpose of this study is to determine if 

significant differences in performance exist between the 

laboratory and lecture i;roups. 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, loi). 

The tables of t-values and F distribution in the appen- 

d1ces of this sanie work were also used for the purposes 

of this study. 

In the test for population variance tue 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 variances are equal, i.e., the 

actual value falls within the limits of pre-determined 

critical regions, had been established the t-test for 

tue hpothes1s of equal pop ulation irìeans was next useì. 

If in this second test the calculated t-value failLa 

within the limits set by the number of degrees of free- 

dom and chosen significance level the hypothesis 1$ 
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confirmed and the two population means are considered to 

be equal and no significant differences between tzie two 

compared croups exist. For both the F a:î t-tests the 

five per cent levels OÍ sinific&cce eÌ'e ßolected and 

the nocessarj interpolation iade, which seenad Justified 

as rione or the values see:red c'1tica enoui to require 
greater aceracy. 

Trie results for the exerifiental laboratory and 

lecture groups for both the k?roficlency and Reasoning 

Tests are shown in Table V. 

TABLE V 

COMPARISON OF LABORATORY AND LECTURE GROUPS 

Proficiency Test Reasonin Test 
F t F t 

OCE 
Experimental 1.61 0.51 2.13 0.66 
Critical Region +2.22 +2.01 +2.33 +2.01 

So ( E 
Experimental ì.L.6 -0.17 i.9 -O.L9 
Critical Region +2.08 2.00 +2.08 +2.00 

The distributions of the i?opulation ¿ariance (F) and 
Population Means (t) are both at the 5, significance 
level. 

For additional information the hypotheses were also 

tested for the Oregon State Oollege group and the Oregon 

College of Education laboratory and lecture groups and 

these results are shown in Table Vi. 
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TAULE VI 

COARISON OF 00E AND OSO GROUkS 

Proficiency Test 1aionin Iat 
F t F t 

030-00E Lab. 
Exper1nentl 1.26 -0.714. 1.25 -0.12 
Critical egion +2.22 +2.01 +2.13 +2.01 

030-00E Lee t. 
Exper1nenta1 1. 28 -1. 14.7 1. 714. -0. 80 
Critical Re4on +2.13 +2.00 +2.13 +2.00 

The distrihution of the Population Variance (F) and 
Population Moans (t) are both at the 5)'c sigrAificarlea 
level. 

Results 

From the statit1ca1 results in these last two 

tab1a it can be seen that for all of the groups corn- 

pared the f1r't hypothe, that the two population 

variances are equal, can be accepted and, furthermore, 

ta for 11 of the s,roups compared the second hypothesis, 

that th two population rnens are equal, can also he ac- 

ptod. Th1 in effect then means that no sinificant 

differences in performance of the compard 'roups existed 

as nesured under the described conditions. 



CHASTER V 

CONCLUSIONS AND I)LiCATION 

T'ne purpose of this study wa to dterrnine 1f 

IndivIdual 1boratory worc as part of an integrated eurse 

In the natural iciences contr1butts to tb objoet!ves of 

general eduat1on. students enrolled In a course In the 

Foundt1ons of khy1ci1 c1ence at two institutions of the 

Oregon state ytoiri of H1ther Education were divided into 

equal sectIons with and without laboratory work and were 

pro- and post-tested with i'roficiency and Reasoning Tests 

for differences in sains u.nuex the two rnethod. The two 

methods of teachin were then coxapareu by tatistic&. 

analysis usìn the F-test for popuiation vriane rict the 

t-test for s11f1cane oÍ population 1taris. 

The inescapable conclusion f roii the results of 

this study is that no sinnificant differences exist be- 

tween the student groups having individual laboratory 

work and those without it. The very abeence uf anj def- 

imite trends in the results, howeer, iould iiake one 

question in retrospect t'ne s1tabilit of the tesin 
instruments employed In spiLe or the fact, that on prior 

examination the two tests seemed etriinently weil suited 

to the purpose for which they ere used. 

Kruglak (L1.O,Lj.l) and otners in he1r studios have 



found that it 1t difflcult ta evaluate the outcome of 

laboratory work and thet too frequently the problen r- 

solves itself to sn evaluetion of either acquired facts 

or techniquei neither of which do full justice to the 

contributions of indvdui laboratory work. 

1ith tkie Resonn rTeet in particular, another 

approach to the problem was attempted, but it certainly 

appears questionable if therE is eny transfer frow. tha 

laboratory situations requ1rin thoughtful attention and 

rea3oning to other areas of reasoning and understanding. 

The results of this study, though inconclusive, are in 

line wIth those of other workers (2), p.309; 2, .3OO; 

, Noii (2, p.300), one of these workers, in 

reviewing the results of a number of studies on both the 

secondary and the eoUee level concludes 

The results of these tudiee a'ree 
very well in that none of them report any 
very reliable dIfferences between the 
achievements of groups taught by the re- 
5pective methods. iot or the investi- 
gators do not report ovalu*tion 01' the 
obained differences, but where thIs has been 
done no true (frop, a statistical standpoint) 
differences have appeareth 

This woLid indioe.te that no satielactory niethod has yet 

been found for the evaluttion of the contributions of 

individuel laboratory work and point to the need for 

further study. 

At this point one might be tempteci to dra.w a 



number or 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 man of the variables, lt ml,ht weil be jus- 

tified to describe further some of the conditions which 

mi;Tht have contributed to the attained results as weil as 

a few Sideli)hts of the problem as a whole. 

The limitations of the sample itself are a factor 
In this study. Practical considerations mace an initial 

purely random assig riment Impossible and the rather lar;e 

drop in course enrollment during the school year would 

likely have rendered it ineffective. ior the same reasons 

it was also difficult to exercise a closer control of 

students? back:rounds and abilities. The decrease, how- 

ever, was not great enough to reduce the smiple 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- 

tairily attributable to the variations in student ability 

at the two CoïieL;es of Education as shown by the dif- 
ference In the averae ACi decile ratins and ran es In 

test performances. There appeared to exist a greater 
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similarity in the student :3XOUpS at each institution than 

between them, but even when the comparison of the two 

teaching methods is confined to only one of the institu- 

tiens 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 overcoriiing sam1e group dif- 

ferences, it was considered impossible to find sufficient 

pairs froi. the groups which would have been alike in ali 

characteristics except the difference of teaching metìod 

under study. Furthermore, 1-lurd's (3, p.115) findings 

seriously question the value of pairing students for 

purposes of equating groups unless the comparison of the 

individuals is continued over a considerable period of 

time and found to be "identical in a Rreat variety of 

activities. " 

No sinificant 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 snd some 

additional ones will be alluded to. In addition to the 
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ovdent outcomes of indvidua1 laboratory work euch as 

acquaintance t1th 1abortery eqLJ.prlent and procecure these 

other advnta:e have been c1aimed 

1. higher achievenent 

2. greater retention 

3, additional interest 
L. better allowance for ndividua1 differences. 

Though some of the laboratory groups showed hi.cher 

achievement the results were noither consistent nor 1g- 

nifcant. 
overal studies p.315; 2, p.300) have 1nu- 

cated that lndivdua1 laboratory work greatly increases 

retention of knowledge. Â follow-up of the students of 

this study could possibly be made to ascertain f this 

c1a1rì also applies to enera1 education objectives. 

fo foria1 poll of student reaction was made, hut 

from personal reactions lt appeared that though all the 

tudnts 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 bad some laboratory work, which .s 

quite in keeping with Bullington's (12) firidin;s from 

an actual student opinion survey. This in itsoif might 

well be interpreted to mean that the laboratory creates 

interest and motivation. 



The data of this study are in agreement with pre- 

vious studies, that individual laboratory work provides 

a greater opportunit' for the expression of individual 

differences than can possibly be provided in a straight 

lecture course. This is an aavantage 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 distinct advantace of the individual laboratory 

method is in the r . 
reater 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 is orten 

so essential to understanding but cannot be afforded in 

the usually larger lecture groups and in less ti'iie. 

In addition to certain intrinsic associations be- 

tweeri the natural sciences and the laboratori 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. uurtis 

(21, p.9) found that "Students with absolutely no 



laboratory experience showed no laboratory resourcefulness 

whatever; they refused to touch the apparatus." This In- 

cidentai observation is of Interest because the large 

majority of the students of this particular 8tudy 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- 

c1uIve evidence that the laboratory contributes directly 

to the alms of general education, at least as measured by 

the selecbed criteria, but neither did the decrease In the 

amount of lecture time lower the achievement of the labor- 

atory groups. 

These experimental findings corroborate Hensha'a 

conclusions (3) 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 solutIon of the problem and 

also in view of the admitted inctirect benefits accruing 

from Individuai laboratory work which certainly are in 

harmony with the objectives of general education, it is 

not recommended thst Individual l&'oritory work be elimi- 

nated. 

In the FInal Report of the CooperatIve Study of 

Evaluation in General Education of the American ouncil 
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on Education (5, p.138) the statemet .. t Is made that "there 

is soins indication that the amount of success is due to 

the attention 1ven to the objectives." Tkiis would only 

seem reasonable if applied in the truest sense that the 

teachinç, 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 prorram was 

carried on as part of a normal course program arid not the 

course program keyed to any possible test outcomes. 

Finally, the writer cannot help but reel in summary 

as Kirk (36, p.238) recently ereased 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 tailed to accomplish the 
thinz-s which we claim we can accomplish by 
laboratory instruction. All of us who teach 
science will admit that we have rallen short 
of our stated goals. Blame us, but do not 
blame the methodi 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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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. 

"The northeastern sides of the bays are pre- 
vailingly more strongly curved than the 
southwestern sides. It is difficult to see 

!.!i 
plunging meteorites should produce 

craters which are systematically asymmetri- 
cal." 

7. "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 narrow ends of the craters 
should point toward the northwest." 

8. "The major accumulation (of sand) is about 
the eastern quadrant of the craters rather 
than about the southeastern half.. .. It is 

difficult tosee wh a plunging meteorite 
should push up more debris on the south- 
easternTffe of a crater than on the south- 
western side." 

9. 

Directions: The items below (l-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 10. 

2aiY that portion. Blacken the proper space on 
the answer sheet. 

KEY: 1. a problem. 
2. a fact by observation or experiment 
3. an hypothesis. 
4. a deductive test of an hypothesis. 
5. an accepted solution to the main 

problem. 

1. "Each bay or crater is oval, as if produced 

y object striking the earth obliquely 
scooping 2 .a elongated depression." 

2. "The long axes of the oval depressions are 
almost if not completely parallel, and trend 
uniformly from northwes.t to southeast, as 
though great shower of objects 
coming L2B iL direction had produced 
th QS thousands of craters actually 
observed t iì field 2fl aerial photo- 
graphs th Carolina coastal plain." 

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

4. "Since i!IRI1Y meteors contain significant 
amounts 9. 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 ii2 surveys distinct magnetic 
highs ta ti areas IR question." 

"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 pene- 
trate the ground in the oblique direction of 
incidence; (b) if the angle of incidence is 

too low, it may strike the surface a glancing 
blow and pass off into space again; (e) 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- 

in that direction due to the 
headward migration of artesian springs r 

some other cause." 

11. "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 .! surface in areas where the 
craters abundant." 

12. "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." 

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

iì plain occupied the craters, should show 
dominant winds from the opposite quarters." 
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Read the following article carefully. It is 

jted from "Weather 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 0° C. (32° F.). 

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 

ice. 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. -79° C., 

-110° F.). 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. 

(-38°F.). 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 

sc ience . 
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. 
2. whether or not it would be ultimately de- 

sirable to make artificial rain. 

3. how cloud droplets become raindrops. 

4. how clouds get cold enough to form rain. 

5. whether or not artificial cloud drops 

could be made in the laboratory. 

17. Dr. Langmuir recognized that the key phenome- 

non in the rain-forming process was the 
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1. growth of ice crystals. 
2. supercooling of the water droplets. 

3. shrinkage of the water droplets. 

4. melting of the snowflakes. 
5. movement of the cloud. 



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

1. "Langmuir and his brilliant young 
protege, Vincent Schaefer, settled down 
in G. E.'s Schenectady lab and began ex- 
per imenting." 

2. "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." 

3. "Langmuir reasoned. . .that this process 
might be the cause of rain, and might 
show a way to make artificial rain." 

4. "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." 

5. "None of the snow reached the ground... 
but the dry ice treatment had success- 
fully broken up a cloud." 

19. 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." 

2. "Almost at once the cloud, which had been 
- 

drifting along peacefully, began to 
writhe as if in torment." 

3. "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." 

4. "It was the low temperature of the dry 
ice, not its carbon dioxide that did the 
trick." 

5. "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 

1. 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. 

2. 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. 

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

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

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

21. Dr. Langmuir's rain-making activities as re- 
ported involved 

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

laws. 
3. breaking natural laws. 
4. changing natural laws; 
5. 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? 

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

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

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

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

5. He believed the problem was soluble by 
purely theoretical means. 

23. Research in artificial rain making 

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

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

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

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

5. 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, it is necessary that the 

1. base of the cloud is below 32°F. 
2. cloud droplets are too small to fall. 
3. cloud droplets have frozen. 
4. cloud is about to produce snow. 
5. cloud droplets are liquid and below 32°F. 

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

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

2. solar radiation is better absorbed by 
water drops. 

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

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

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

26. The growth of snow crystals at the expense of 
adjacent water drops 
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1. occurs only when they come into actual 
contact. 

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

3. involves water changing from liquid to 
vapor to solid. 

4. ceases when the crystals become larger 
than the drops. 

5. occurs in clouds containing only super- 
cooled water droplets. 

* * * X 



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" (CHC12F) 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. 
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 C N O F Ne* 
-- -- -- S Cl A* 
-- -- -- -- pr Kr* 
-- -- -- -- Sb Te I Xe* 
-- -- -- -- Bi -- -- -- 

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 f luo- 
nne might be non-toxic in some of its corn- 

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 corn- 

pound would certainly contain fluorine. The 
heats of formation between the halogens (f luo- 
nne, 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 
carne methods of preparation. Carbon tetra- 
fluoride (CF4) seemed rather hard to make. And 
then how could dichioro-difluoro-methane 
(CC12F2) 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 
-128°C., not -15°C.). 

Feeling pretty certain at the time that 
-15°C. was wrong, we selected dichioro- 
monofluoro-methane (CHC12F usually called 
"freon 21")as the starting point for experi- 
mentation. I called one of the chemical 
supply houses by telephone and ordered five 
1-ounce bottles of antimony trifluoride (SF3). 
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 dichioro-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 and 
-40°C., stability, nontoxicity, and non- 
flammability," represents 

1. an hypothesis. 
2. the specification of a problem. 
3. a test of an hypothesis. 
4. systematized data. 
5. a fact by controlled experiments. 

28. The statement, "Flammability decreases from 
left to right. Toxicity decreases from... 
bottom to. . . top. These two desiderata focus 
on fluorine," represents 

-5- 

1. an hypothesis. 
2. a test of an hypothesis. 
3. a problem. 
4. a conclusion from systematized observa- 

tions. 
5. a fact by observation. 



29. The statement, "The heats of formation be- 

tween the halogens and carbon were checked. 
They increase from iodine to fluorine," 
represente 

1. an hypothesis. 
2. a test of an hypothesis. 
3. a problem. 
4. the specification of a problem. 
5. systematized data. 

30. The statement, "And then how could dichioro- 
difluoro-methane boil at -20°C. and carbon 
tetrafluoride at -15°C?" represents 

1. a problem. 
2. a test of an hypothesis. 
3. an hypothesis. 
4. a fact by observation 
5. a conclusion from systematic observa- 

tions. 

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

1. an hypothesis. 
2. a test of an hypothesis. 
3. a fact by controlled experiment. 
4. a problem. 
5, a fact by observation. 

32. The statement,"A guinea pig was placed under 
the bell jar with it and. . .didn 't suddenly 
gasp and die," represents 

1. an hypothesis. 
2. a test of an hypothesis. 
3. the specification of a problem. 
4. a conclusion from systematic observa- 

tions. 
5. generalized data. 

33. The statement, "This time the animal did what 
the physician expected," represents 

1. an hypothesis. 
2. a conclusion from systematic observa- 

tions. 
3. generalized data. 
4. the specification of a problem. 
5. a fact by controlled experiment. 

34. 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. 

35. The primary objective of this investigation 
was to 

1. 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 dichioro- 
monofluoro-methane. 

5. test for impurities in antimony tri- 
fluoride. 

-6- 

36. 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. Compoùnds of carbon are flammable. 

37. Which one of the following statements 
represents Midgley's attitude in 
connection with the problem? 

1. Pioneer work of this kind is pri- 
manly 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. 

4. 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. 

38. 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. 

4. 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. 

* t t t 

(Go on to the next page.) 
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Before attempting to answer items 39-50, read 42. When a wire is bent back and forth it be- carefully the following condensed statements of comes warmer at the point where the two theories which have been used to explain bending occurs than at other points. heat phenomena. 

43. When a volume of gas is suddenly corn- Theory A: It is supposed that there exists a pressed, its temperature rises. very subtile, and self-repulsive 
fluid, called "caloric," dispersed 44 When compressed carbon dioxide gas is throughout all the bodies of the uni- suddenly released from a cylinder its verse, and capable of passing, with temperature is much lower than its initial more or less facility, through them temperature. but this fluid cannot be exhi- 
bited by itself in an uncornb.ned 45 When warmed from 2°C. to 6°C., water . state; for nothing will confine it; first contracts and then expands. nor has it any known weight. The dis- 
tance between the constituent atoms of 46 If two blocks of metal, one black and the a body is governed by a balance be- other highly polished, are both heated to tween the attraction of the atoms for the same temperature, the polished block each other and the repulsion of the will cool more slowly than the black one. intervening caloric. The temperature 
of a body depends upon the density of 47 Smoke particles in air, strongly illumina- the caloric within it. ted and observed under a microscope, are 

seen to move in an erratic and random The sensation which animals perceive fashion. by the communication of caloric to 
their bodies, is called heat, or heat- 48. When a narrow beam of X-rays is reflected ing; and the sensation which they per- from a single crystal, such as common ceive by the escape of the caloric salt, there is less broadening of the re- from their bodies is called cold, or flected beam as the temperature of the cooling. Therefore it appears that crystal is reduced. cold is not a positive thing, but only 
the absence or privation of caloric. 49 More heat can be absorbed by a gas when When we touch a hot body, the caloric it is warmed up while its volume is passes from that body into our hands, allowed to increase at constant pressure, or face, etc., expands that part, and than when it is warmed up the same number excites in us a sensation of heat. of degrees, keeping the volume constant. When we touch a cold body, the caloric 
passes from us into that body, and we 50. For every calorie of heat generated by feel the sensation of cold. . friction between two bodies 4.18 joules 

of work are necessary, without regard.to Theory B: Heat Is considered to be not only a the nature of the bodies. 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 Items 51-55 are concerned with the following: of the substance. Hence an increase 
in the average kinetic energy of these You have probably heard of the idea that some- atoms or molecules gives rise to an time men will try to travel by rocketship to increase in the absolute temperature the moon and back. Many of the problems in- of the substance. 

volved -- what the human body will endure, how 
to get away from the earth, how to "navigate" 
in interplanetary space, and the like -- are Directions: The items below (39-50) consist of a under scientific study. Therefore the writers or observational data of magazine articles, comic strips and motion (facts) which are related to the two theories pictures on travel to the moon generally make described above. In addition to the information their stories conform to basic principles of in the above paragraphs you may draw upon any science. On this assumption, answer items other background knowledge Which you have. For 51-55 below by selecting the best choice and each item mark space 
blacken the corresponding space on the answer 
sheet. 1- if the fact lends more direct support to 

theory A than to theory B. 
. 51. As the space ship leaves the earth each 2- if the fact lends more direct support to traveler reclines because theory B than to theory A. 

3- if the fact supports both theories. 1. it is necessary to lower the center of 4- if the fact cannot be used to support either gravity of the space ship. theory. 
2. he desires to avoid nausea caused by 

the take-off. 39. When a sterling silver spoon is placed in hot 3. his instruments are most conveniently coffee, the handle gets warm quickly. operated in that position. 
4. when the ship is in space it is im- 40. Water expands when it freezes and ice con- possible for a man to stay erect. tracts on melting. 
5. he is subjected to forces much greater 

than his weight. 41. The tension in power and telephone lines is 
greater in winter than in summer. 
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52. While the ship is moving through inter- 
planetary soace, the travelers inside find 
they are unable to 

1. rise from their couches. 
2. move from one place to another. 
3. pour water into a glass. 
4. bounce a ball against the ceiling. 
5. talk to each other directly. 

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. 

2. 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? 

1. The necessary funds. 
2. Theoretical knowledge of "navigation" 

between planets. 
3. A practical means of landing on the moon. 
4. A practical means of landing on the 

earth. 
5. sufficiently powerful engines to escape 

from the earth. 

END OF TEST 
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PART I 

TERMS AND CONCEPTS 

(15 minutes) 

Directions : Each of the following incomplete statements or questions is followed by five choices. Select the one that 
best completes the statement or answers the question and put its number in the parentheses at the right. 

1. Starch and sugar belong to the class of 
nutrients called 
1-1 carbohydrates. 
1-2 amino acids. 
1-3 proteins. 
1-4 fats. 
1-5 minerals .............. i ( 

2. 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 ............ 2( ) 

3. Dehydration is a process that removes 
3-1 water. 
3-2 hydrogen. 
3-3 bacteria. 
3-4 oxygen. 
3-5 air ................ 3( ) 

8. 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. 
8-4 kind of animal. 
8-5 comet ............... 8( 

9. 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 a hypothesis ............ 9 

10. The bronchial tubes are associated with the 
10-1 kidneys. 
1 0-2 esophagus. 
10-3 bladder. 
i O-4 liver. 
10-5 lungs .............. 1O( 

4. The rusting of iron is an example of Materials through which an electric current 

4-1 neutralization. 
cannot pass are called 

4-2 precipitation. 11-1 insulators. 

4-3 oxidation. 11-2 stators. 

4-4 reduction. 113 magnets. 

4-5 double decomposition ........ 4( ) 
conductors. 

11-5 electrolytes ........... 11( ) 

5. Hibernation and migration enable animals 
to continue their existence in spite of ex- 12. Frequency modulation (FM) is a means of 

treme variations in 1 2-1 increasing the speed of jet-propelled 
5-1 air pressure. 
5-2 altitude. 12-2 

aircraft. 
transmitting radio programs. 

5-3 humidity. 12-3 reducing the glare in electric light- 

5-4 temperature. 
5-5 topography ............ 5( ) 

124 
ing. 
transmitting sounds on a beam of 
light. 

6. Accurate forecasting of weather conditions i 25 eliminating echoes in large rooms. . i 2 ( 

for several days in advance is most depend- 
ent upon a detailed knowledge of 13. An increase in the absolute humidity of the 
o-1 the probable appearance of sunspots. air is an increase in the 
6-2 the composition and movements of 131 temperature of the air. 

air masses. 13-2 density of the air. 
6-3 fluctuations in magnetic intensity. 133 pressure of the air. 
6-4 the phases of the moon. 134 moisture content of the air. 
6-5 the chemical composition of the at- 135 amount of organic material in the 

mosphere ............. 6( ) 
air ............... 13( 

7. It is because of gravity that 14. The economical production and long- 
7-1 a sled slides downhill. distance transmission of electrical power 
7-2 two sticks become hot when they are would have been impossible except for the 

rubbed together. invention of 
7-3 a car is likely to run off the road when 14-1 the vacuum tube. 

it goes rapidly around a curve. 14-2 radar. 
7-4 a balloon breaks when it is blown 14-3 the AC generator. 

very large. 14-4 the cyclotron. 
7-5 water evaporates into the air ..... 7( ) 14-5 the magnetic compass ....... 14( 

Go on to the next page. 



15. The rate at which an automobile increases 
in speed after starting is called its 
15-1 velocity. 
15-2 acceleration. 
15-3 momentum. 
15-4 kinetic energy. 
15-5 inertia .............. 15( 

16. A seismograph is used to record 
16-1 ocean depths. 
i 6-2 sunspots. 
16-3 earthquakes. 
16-4 cosmic rays. 
16-5 weather conditions at high altitudes. 16( 

1,. The flower is the part of a plant especially 
adapted to carry on the process of 
i 7-1 food making. 
i 7-2 seed dispersal. 
i 7-3 osmosis. 
i 7-4 reproduction. 
i 7-5 food storage ........... i 7 ( 

-.3- 
22. An important factor in causing seasons 

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- 

rents .............. 22( 

23. 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( ) 

24. 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 
24-4 A termite 
24-5 A mushroom .......... 24( ) 

18. The pancreas is primarily an organ of 
18-1 respiration. 25. 18-2 secretion. 
i 8-3 circulation. 
i 8-4 excretion. 
18-5 reproduction ........... 18( 

19. 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. 
19-4 diffusion. 
19-5 osmosis ............. 19( 

20. 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. 
20-4 a toxin. 
20-5 a vaccine ............ 20( ) 

21. 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 A living animal ......... 21( ) 

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 ( ) 

26. A commutator would be found in an electric 
26-1 heater. 
26-2 doorbell. 
26-3 fuse. 
26-4 motor. 
26-5 storage battery .......... 26( 

27. 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 ( ) 

28. 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( 

Go on to the next page. 



29. 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. 
29-4 atomic weight. 
29-5 atomic weight divided by the num- 

ber of electrons in the outer shell. . 29( ) 

30. Which one of the following best explains 
why raindrops are nearly spherical in 
shape? 
30-1 Evaporation 
30-2 Gravity 
30-3 Capillary action 
30-4 Brownian movement 
30-5 Surface tension ......... 30( ) 

31. 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 
31-5 Hygrometer .......... 31( 

32. 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. 
32-4 deuterons. 
32-5 isobars ............. 32( ) 

33. The symbol above represents a 
33-1 dynamo. 
33-2 galvanometer. 
33-3 transformer. 
33-4 storage cell. 
33-5 radio tube ............ 33( ) 

34. Amino acids are the units that make up the 
chemical structure of 
34-1 proteins. 
34-2 urine. 
34-3 gastric juice. 
34-4 vitamin C. 
34-5 fats ............... 34( 

-4-- 
35. A Geiger counter is a device used to 

35-1 detect deposits of iron ore. 
35-2 count numbers of electrons passing 

through a wire. 
35-3 measure light intensity. 
35-4 detect radioactivity. 
35-5 count articles automatically by using 

an electric eye .......... 35( 

36. Carborundum is a compound made up of 
carbon and 
36-1 oxygen. 
36-2 silicon. 
36-3 hydrogen. 
36-4 iron. 
36-5 calcium ............. 36( 

37. A rectifier is a device for changing 
37-1 chemical energy into electrical en- 

ergy. 
37-2 potential energy into kinetic energy. 
37-3 alternating current to direct current. 
37-4 low voltage to high voltage. 
37-5 mechanical energy into electrical 

energy .............. 37( 

38. A temperature of absolute zero is the 
38-1 lowest temperature theoretically 

possible. 
38-2 lowest temperature that has ever 

been âttained. 
38-3 point at which mercury freezes. 
38-4 point at which water freezes and ice 

melts. 
38-5 point used as the reference levél on 

all temperature scales ....... 38( 

39. A burette is a laboratory device used to 
39-1 weigh accurately small quantities of 

solids. 
39-2 filter precipitated solids from liquids. 
39-3 decompose liquids by electrolysis. 
39-4 measure accurately small volumes 

of liquids. 
39-5 evaporate liquid solvents without 

decomposing the solute ....... 39( ) 

40. 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. 
40-4 elasticity. 
40-5 cohesion ............. 40( 

41. 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. 
41-4 nose and the throat. 
41-5 ear and the brain ......... 41( ) 

Go on to the next page. 



42. The deviation of a compass needle from the 
north-south position due to the fact that 
the magnetic pole is not located at the geo- 
graphic pole is known as 
42-1 true direction. 
42-2 induction. 
42-3 experimental error. 
42-4 detraction. 
42-5 declination ............ 42( ) 

43. A diatom is 
43-1 an atom composed of two protons. 
43-2 a small animal. 
43-3 a part of the nucleus of an atom. 
43-4 a one-celled plant. 
43-5 an electrically charged group of 

atoms .............. 43( ) 

-5- 
47. White blood corpuscles which engulf bac- 

tena are known as 
47-1 platelets. 
47-2 antibodies. 
47-3 amebae. 
47-4 ptomaines. 
47-5 phagocytes ............ 47( ) 

48. 

44. A photometer may be used to measure the 
44-1 candle power of a lamp. 
44-2 wave length of light. 
44-3 index of refraction of a substance. 49 44-4 focal length of a lens. 
44-5 speed of light ........... 44( ) 

45. Sound pulsations are made to cause elec- 
trical pulsations in a 
45-1 photoelectric cell. 
45-2 telephone receiver. 
45-3 transformer. 
45-4 radio tube. 
45-5 microphone ........... 45( ) 

46. Deuterium is a kind of 
46-1 oxygen. 
46-2 hydrogen. 
46-3 carbon. 
46-4 gaseous fuel. 
46-5 iron ore ............. 46( ) 

A Wheatstone bridge is used to 
48-1 measure electrical resistance. 
48-2 measure coefficients of linear expan- 

sion. 
48-3 change high voltage to low voltage. 
48-4 produce a rigid structure with a high 

safety factor. 
48-5 determine the resultant of two or 

more forces acting at an angle. . . 48( ) 

The loudness of a sound is usually expressed 
in terms of 
49-1 kilowatt-hours. 
49-2 wave length. 
49-3 kilocycles. 
49-4 decibels. 
49-5 number of vibrations per second. . 49( ) 

50. The capacity of a metal container used for 
measuring quantities of different kinds of 
grain is most suitably expressed in 
50-1 grams. 
50-2 grams per cubic centimeter. 
50-3 cubic inches. 
50-4 specific gravity units. 
50-5 pounds ............. 50( 

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

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, M inne- 
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 
-273°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 transported 
by pipe line at a fraction of the cost of rail transportation. 

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 tern- 
perature reaches 5000°F, which hastens.the meiting 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 arnmonià at unheard-of low prices, and 
ammonia is the basis for nitrogen fertilizers and explosives. 

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

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 ............. i ( 
2. The best source of cheap oxygen is 

2-1 water. 
2-2 rocks. 
2-3 natural gas. 
2-4 nitrogen. 
2-5 air ................ 2 ( 

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. 
3-4 its limited uses. 
3-5 the abundance of cheap substitutes. . 3 ( 
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4. In the production of oxygen, which of the 
following occurs when the incoming air is 
compressed? 
4-1 The temperature of the air increases. 
4-2 Power is produced to run generators. 
4-3 The air is immediately liquefied. 
4-4 The temperature of the air decreases. 
4-5 Oxygen is separated from nitrogen. . 4( ) 

5. One of the by-products in the Linde oxygen 
process is 
5-1 ammonia. 
5-2 methane. 
5-3 carbon monoxide. 
5-4 hydrogen. 
5-5 nitrogen .............. 5 ( ) 

6. The liquefying temperature of oxygen is 
nearest to 
6-1 -275°F. 
6-2 0°F. 
6-3 330°F. 
6-4 3300°F. 
6-5 5000°F .............. 6( ) 
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9. Oxygen and steam may be made to react 

with coal under pressure to form 
9-1 natural gas. 
9-2 rayon. 
9-3 carbon monoxide. 
9-4 low-grade ores. 
9-5 gasoline .............. 9( ) 

10. If the cheap oxygen produced by the im- 
proved process described in the selection 
were used, what would be the cost of the 
oxygen necessary to burn four tons of alco- 
hoi in a rocket, if two tons of oxygen were 
used up in burning one ton of alcohol? 
10-i $8 
10-2 $16 
10-3 $72 
10-4 $144 
10-5 $576 .............. 10( ) 

11. 

7. The Fischer-Tropsch reaction produces 
7-1 carbon monoxide and hydrogen. 
7-2 synthetic gasoline. 
7-3 cheapoxygen. 12. 
7-4 liquid air. 
7-5 ammonia ............. 7 ( ) 

8. In addition to the uses mentioned in the 
selection, it is possible that cheap oxygen 
might also be used 
8-1 for filling dirigibles and balloons. 
8-2 as a household fuel. 
8-3 for filling automobile tires. 
8-4 in welding. 
8-5 for filling fire extinguishers ...... 8( ) 

The greatest decrease in the cost of oxygen 
was brought about by its large-scale use in 
in the manufacture of 
i 1-1 ammonia. 
11-2 steel. 
i 1-3 synthetic fuels. 
11-4 inflammable hydrogen. 
i 1-5 liquid air ............ i i ( ) 

The cooling effect of the expansion of the 
air which occurs in the production of oxy- 
gen is a phenomenon which 
12-1 occurs only because the temperature 

is already at a iow point. 
12-2 is a peculiarity of air. 
i 2-3 occurs because the gas was originally 

under a low pressure. 
12-4 is caused by the liquefaction of part 

of the air. 
12-5 occurs when any gas expands. . . . 12( ) 

* * * * * * * * 
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It is 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- 
tides (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. 

c) 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 an increase 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 the liquid ......... 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. 
14-4 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 .............. 14( 
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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. 

15-4 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 
16-4 40°C 
16-5 50°C .............. 16( 

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. 
i 7-3 speculation. 
17-4 observation. 
17-5 inspiration ............ 17( 

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. 

18-4 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 
i 9-1 weight of the molecules. 
19-2 decomposition of the molecules. 
19-3 volume of the molecules. 
19-4 number of collisions between the 

molecules. 
19-5 attractive forces between the mole- 

cules .............. 19( 

* * * * * * * * 
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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. 
20-4 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 .......... 21 ( 

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( 
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23. 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. 
23-3 the first weighing of the leaf areas 

had been done the evening before. 
23-4 transpiration had occurred. 
23-5 respiration had occurred ...... 23( 

24. 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. 
24-4 show that all plant activities go on 

in darkness. 
24-5 demonstrate the necessity of light 

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

25. The most justifiable conclusion which Sachs 
could draw from the experiment was that 
25-1 plant leaves absorb water during the 

day. 
25-2 the increase in weight of the leaves 

is caused by the absorption of car- 
bon dioxide. 

25-3 light is essential to the increase in 
dry weight of the plant. 

25-4 light falling on the plant causes the 
leaves to consume oxygen. 

25-5 carbon dioxide is absorbed from the 
air ............... 25( 

26. 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. 
26-4 the amount of water needed by the 

leaves. 
26-5 whether the increase in weight was 

caused by formation of sugar. . . . 26( 

* * * * * * * * 
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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 oC 10°C 20°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C 

Boric acid ................. 2.59 3.45 4.8 6.3 8.0 10.3 12.9 15.7 19.1 23.3 28.7 

Calcium hydroxide ......... 0.185 0.176 0.165 0.153 0.141 0.128 0.116 0.106 0.094 0.085 0.077 
Lithium sulfate ............ 26.1 25.9 23.5 25.1 24.7 24.5 24.2 23.8 23.5 23.2 23.0 

Potassium chlorate ......... 3.3 5.0 7.4 10.5 14.0 19.3 24.5 31.2 38.5 46.9 57.0 

Potassium chloroplatinate. . 0.74 0.90 1.12 1.41 1.76 2.17 2.64 3.19 3.79 4.45 5.18 

Potassium nitrate .......... 13.3 20.9 31.6 45.8 63.9 85.5 110.0 138.0 169.0 202.0 246.0 

Silvernitrate .............. 122.0 170.0 222.0 300.0 376.0 455.0 525.0 595.0 669.0 780.0 952.0 

Sodium chloride ............ 35.7 35.8 36.0 36.3 36.6 37.0 37.3 37.8 38.4 39.0 39.8 

Sodium iodide ............. 158.7 168.6 178.7 190.3 205.0 227.8 256.8 294.0 296.0 299.0 302.0 

Sodium tetraborate ......... 1.3 1.6 2.7 3.9 6.3 10.5 20.3 24.4 31.4 40.8 52.3 

27. A 100-degree change in temperature causes 30. Which compound shows the greatest per- 
the smallest change in the solubility of centage increase in solubility from 0°C to 
which one of the following substances? 100°C? 
27-1 Boric acid 30-1 Potassium nitrate 
27-2 Lithium sulfate 30-2 Sodium tetraborate 
27-3 Sodium tetraborate 30-3 Boric acid 
27-4 Potassium chlorate 30-4 Potassium chioroplatinate 
27-5 Potassium chloroplatinate . . . . 27( ) 30-5 Silver nitrate .......... 30( ) 

28. A solution consisting of 3.19 grams of po- 
tassium chioroplatinate in loo grams of 
water at 70°C is 
28-1 a normal solution. 
28-2 a colloidal solution. 

31 Potassium nitrate is more soluble i: vater 28-3 a saturated solution. than is sodium chloride at 28-4 an unsaturated solution. 311 all temperatures. 28-5 a supersaturated solution ..... 28( ) 312 no temperature. 
. 

31-3 only one temperature. 
. 

29. Which one of the following conclusions can 3j..4 only temperatures below approxi- 
be drawn from the data given in the table? mately 23°C. 
29-1 The solubility in water of most of 31-5 only temperatures above approxi- 

the compounds listed in the table mately 23°C ........... 31( ) 

usually increases with a rise in tern- 
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. The effect of a rise in temperature on the 

29-3 The composition of the solute and solubility ofhthium sulfate is similar to the 
that of the solvent are the only fac- effect of a rise in temperature on the solu- 
tors that determine solubility. bility of 

29-4 The solubility of any compound in 32-1 calcium hydroxide. 
water is directly proportional to the 32-2 potassium chlorate. 
temperature of the solution. 32-3 potassium chioroplatinate. 

29-5 Water solutions of the compounds in 32-4 potassium nitrate. 
the table boil at 100°C ...... 29( ) 32-5 sodium iodide .......... 32( ) 
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33. What will be the result if 50 grams of silver 
nitrate are thoroughly mixed with 10 grams 
of water at 30°C until as much silver nitrate 
as possible is dissolved? 
33-1 All of the silver nitrate will be dis- 

solved. 
33-2 40 grams of the silver nitrate will be 

undissolved. 
33-3 30 grams of the silver nitrate will be 

undissolved. 
33-4 20 grams of the silver nitrate will be 

undissolved. 
33-5 The mixture will be a very dilute 

solution ............. 33( 

34. At approximately what temperature are 
the solubilities in water of lithium sulfate 
and sodium tetraborate the same? 
34-1 38°C 
34-2 60°C 
34-3 68°C 
34-4 73°C 
34-5 78°C .............. 34( 

- 11 - 
35. What is the lowest approximate tempera- 

ture at which 20 grams of potassium nitrate 
will dissolve in 10 grams of water? 
35-1 0°C 
35-2 10°C 
35-3 20°C 
35-4 90°C 
33-5 Some temperature above 100°C . . 35( 

36. If a cubic centimeter of pure water weighs 
one gram, the weight of 10 cubic centi- 
meters of a saturated water solution of 
silver nitrate at 40°C 
36-1 is 10 grams. 
36-2 is 37.6 grams. 
36-3 is 47.6 grams. 
36-4 is 386 grams. 
36-5 cannot be determined from the 

table .............. 36( 

If you finish before the time is up, you 
may go back and work on either part. 

o 3 7 1115192327 
Number wrong 

I I I I I I 
I 

__________________ 2 6 1014 182226+ 
Amount to be subtracted O i 2 3 4 5 6 7 

Number right 

Subtract_________ 
(See table above) 

Raw Score on Part II = Difference________ 


