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not say with certainty.

our conceptions of secondary education change. Within re-

A. The Need for Research in the Teaqhing of
High School Science

I. IWrRODUCTION
""

secondary education on nCardinal Principles of Secondary

The report of the Commission on the reorganization of

The changes in secondary education are probably the

Secondary educ.ation is in a process of transition. The

product of social evolution. .As society evolves, so must

changes will effect secondary education in the future, we can

lCox and Long, Principles of Secondarz Education,
I?! C. ,Heath Co., 192- p. 40.

21lCardinal Principles of Secondary Education". United
State!3' Bureal!. of Education, Buletin No. 35, 1918. pp. I-""3"4~

.,"'''''. ~'~...; :'.;'~~,::/:.:}::.~,:\ S :/.,'!'L'
, ~: f~. " 'I ~ )

, • a , ~):: • ~ .,. ,J. 0":' ~
" ....

',~ .
Education" recognizes that changes have taken place and that

changes were in proc~ss, and .it called attention to fundamental

consi.derations which 'showed the manner in which the needs of

cent years, we have witnessed many social changes. How these

first Quarter of the tvventietl1 century saw more changes in

secondary education. ·thanany other equal period in American

·history.l,

society and the plan of the, schools tha t were purporting to
2

I meet these needs were out of harmony.



'I .',

•

2

Relativa to,·the need for research in the field of secondary

education, the Commission sta:tes: '

"It is becoming increasihgly ev~Bent that the
problems of secondary education merit much, more serious
attention than they have received heretofore. The',
study of the best methods for adapting secondary education
to'the needs of modern democratic life is just begun.
Such knowledge of social needs and educational theory
and practice as is already available has been seriously
studied by comparatively few administrators and teachers.
Plans must be adopted for pooling the re3ults of successful
experimentation of individual teachers. ff

The need for reorganization in science was soon recognized

after the Comnission on the Reorganization of Secondary Education

had made its report. Consequently, the COllLmission issued a series

of reports on the reorganization of the various high-school

subjects. The committee dealing with science teaching in the

report, "The Reor~anization of Science in the Secondary SchOOls",4

considered the .aims and objectives of science teaching. Relative
:.:,

to further need for research and reorganization in science
,~ " ~. \ .

.~~aching the committee states:
, ,.':oj

"There is widespread recogniti()n of the need of
reorganizing'science cours.es in secondary schools.•

",-Numerous encouraging efforts already have been made to
'r~direct, enriCh', and otherwise improve these courses.
The variation of purposes for which sciences are taught,
the increasing number of sciences offered, the develop­
ment of intensive specialization within the science, the
lack' of sequence in the order in vlhich they are usually
given, the wide ~ariation of content and method are
striking evidences of the need for an ap;roech to en
agre.ement. Only by the comperi son of the courses in

3Ibid~, p.' 32.

4;'Redrganization of Science in Secondary Schools".
IDl1te'd states Bureau of Education, Bulletin No. 36, 1920.

)" -'·>,i:~;:;.i .'~.'r\: .,'~



many,progressive schools can any tendency towards such
uni1'ormit~I:'be"·perceive'd.' Steps should be taken also to
prevent this increase· in nyxilber and specialization from
diminishing the value of the, instruction 1'ror'l the' stand­
po'i:nt of the general needs ot: the pupils and the need
of society. ,,5 " ' , " ' ,,' '.

" .. .
, .

The, report of the committee, 'probably focused attent'ion on

the need for reorganization and research in science teaching.

Before the rei10rt of the Committee on the Reorganization 01'

Science in Secondary Schools very little research had been

made in the teaching of science. Practically all the research

that has been made in the teaching of scj.ence has been made

within the last t~entY-1'ive y~ers.~

In a subsequent part of this study it is shown that the

mUllber. of researches in.< science at present exceed, those made

in any'ot~~r field of secondary education. 7

Curtis, in the preface of his first book, speaks of the
;,'-'",

large nmaber of pedagogical research studies that had been

made in secondary science at the time of the pUblishing of the
':;' .. 8
book.

" ,
The Committee on Science Teaching of the National Society

"

for the Study of Educ8.tion, in the Thirty-first Yearbook, A
J~6C~Ul" .

Program For Teaching Science states: 9

, 5 Ibid ., p. 11.
" ' .. '.'

" , ,6F• D. Curtis, Investigations in the Teaching of Science,
Blakiston's Son & Co., 1926. p. 27-.----

7 .
,..:.,.".,. Sea ..p,.ll.

8', . '
,curt~s, 2£. cit., p. 7.

9 "A Program f"or Teaching Science", Thirty-fiJ.:~t Yearbook
Part I, Ha tiona 1 Society for the Study of EG:l Gation, ~ublic

School Publishing Come' any, Bloomington, Illin6i s. 1932.

3

' ..



4

"Exoepting the fundamental subjects taught in the
~lementary schools, and the ,fields of the social sciences
on secondary level, probably no part of the school
cprriculum has in recent years been so often and so
critically subjected to the sbientific stucly of educi.ltion
as the aims, methods, and curricula in science instruction.
Some twenty experimehtal studies of the relativ3 value
of lecture demonstration and individual laboratory
experimentation alone have been published in the last
twenty-five years.· These are, it is true, practically
all on the elementary school and secondary school levels,
but the tendency is general.

Some of the reasons for this questio:lj.ng att i tude have
already been mentioned. Science instructors are asking
themselves what is ·wrong. Also, the natural sciences
lend themselves, perhBps, more readily to scientific
study of their methods and subject matter than other
subjects. In addition there are undoubtedly social and
economic factors underlying this decline in popularity
and consequent inquiry into procedures. Whatever the causes,
the fact is evident. We are directing science against
sCience

i
' we are subjecting .science instruction to scientific

study." ° .
The twentieth century has rightly been called the age of

science. In no other period of the history of man has there

been such a rapid increase in scientific knowledge. If our

social order has changed within recent years, science, no

doubt, has played an important part in this change •

. Has secondary science evolved in accord with our changing
.

soci.al order, with our changing conceptions of secondary

education? Has our method of presenting this wonderfully

entrancing subject kept pace with its growth? There are vital

questions, which research workers have attempted and are attempting

to answer.

lOIbid" p. 309.



B. 'The Purpose and The Plan of the Study

What;;is the nature of the, p~d.ogogical research in

chemistry~~ and how much pedogogical, research has been done

in chemistry ror a ten-year period, 1925-1935? 'What are,

the trends revealed by these research studies? Tllese are

the questions which this study has attem.pted to answer.

The investigator first atten~tec to find all the theses

and unpublished investigations in the teaching or science for

a f'ive-year period, 1928-1933. One-hundred and tvventy studies

were found. 11 mSecondly, the extent to which these studies

were made available to science teachers and other interested

individuals in periodical literature wasdetennined. These

studies were obtained rrom the United States Office or

Education,' Bulletins, Bibliographies of Research Studies in

Education from 1928-1933.
12

11See p. 15

12"Bibliographies of Research Studies in Education",
United States Department of Interior, Education Bulletin
No. 36.'1927-1928. Puplished, 1929.

';' "Bibliographies of Research ,Studies in Education",
Uni ted Sta tes De-oartlJent of Interio:.r;:, Educs tion Bullet~n

No. 37.1929-1930. Published, 1931.

"Bibliographies of Research Studies in Education",
Uni ted States Departmen,t of l.nterior, Education Bull~till

No .13. 1928-1929. Publi shea., 1930. '

TtBibliographies of Research Studie~3 in TI:c1ucation",
United states Depar'~;'Jent of Interior, Educs tion Bulletin
No. 16,1930':'"1931. Published, 1932.

t~.' 'fBiblidg:raphies of Rese.arcb, Studies in Education ll
,

,nni,ted States Department -'It Interior, ..EdY..cation Bulletin
'N04 6,1931-1932. Published, 1933.

5

,"



"

~llefo;tlowing criteria: (1) approached from an
....;1 ..

6

Articles to receive consideration in this investigation had

".:r:ucw,.as; ,~sC'e\tai:ned whether each' of the 120 studies had

"Qeen p,ublished in magazine li'~er?ture the yee,r of its com­

p:t-etiora·or fora two~yearperioc1fqlloriingits conrpletion.

The E~ucationlndex, The Readers'..o-uide to Periodical Lit,erature,

':Clle Loyola Index, and The Chemical Abst:cacts of the _Iimerican Che111-

included in his study all pedagogical research studies found

in,' at least, two widely read periodicals, treating with

made of all the issues of the .Tournal of Chemical Education and

the School Science and tiathell1at~cs from 1925-1935, in order

to find all published pedagogical research studies in chemistry.

','

The nwnberand the type of pedagogical research article

:round in magazines were next determined. .An e:;:amination VIaS

Only by doing this was the vlriter certain that he had

science teaching. All other research studies that could be found

teaching of· sci~nce, and the bibliographies of the articles

f'ollnd in the .Tournal.Qf Chemical Education and School Science'

by 90nsulting bibliographies of textbooks, treating with the

study. The nwnber of articles used in this sttlc1y was ninet~T­

three. The vlriter believes that this represents the vast majority

of pedagogical resea.r.ch 'studies in chemistry published' from 1925­

1935 in magazine literature.

'ana Mathematics and the various indexes were used in this

i,cal Sooiety were used in prder to determj.ne 'Ivhether -the. study

.hadbeen published in p~riodicals.



",

CI
The amount of researh devoted to the various

2. '. As a comprehensi va reference source of peu32;ogicQl

4:~ As a basis for determining viThere further pedagogical

of pedagogical researches in chemistry from 1925-

1935 •

rese$i6h is needed in chemistry.

researches in'chemistry from 1925-1935.

3. As' a re~erence source relati ve to the type

'and ar10unt of res'earch devoted to the various types

1. As a basis for comparison.

'c. Value of Study

r1
I

, This stUdy is of value in that it may be used:

.f.

classificatiori.

i~ductive st~ndpoint, '(2) def'inite objective, (3) clearly

defined t~chnique, (4) materie:tl,organized in systematic order,
. ,. '. 13

(5) definite conclusionswarrantec1.by assembled data.

The articles were next classified. Various texts t:ueating

iiththe teaching of chemistry were use6 as an aid in this

problems' of chemistr:y instruction was next determined. By

means of this classification it was seen clearly what problems

in secondary chemistry received the major attention by the

1,

major research.es. By doing this, trends in chemistry frorll

19~5-l955 were revealed.

:researchers. A comparison was'made of the findings of the

:"'13E. M. Freeman, "Criteria for Judging a Science of
~i1Ucation".$chooland Society, Vol. X:XX, 1929, pp. 45-52.



together with the m.ore Genera 1 feature s of its own rec01mnendations

for science teaching; (2) criticisms of some current practices

tnat must be modified in order to accomplish the.program out­

1i1;1e,; (3 }an analysis" wi th illustrations, that shows some of

the con.tributions to life enrichment thgt nay be ex-pected from

that is at least fairly comprehensive, given in ter!LS of major

",

8

However, ,

Probably the most outst8ncling work in t:jis field is:

several studies have been made ~lich reviewed the literature

']l:).ere,' is no study that ha s be.en l;la de, to the wri ter' s

D. Similar Studies

knowledge, which is a comprehensive, survey of pedagoGical

in the field of science and attempted to S110\7 trends. These

researches in chemistry oyer a period of years.

studies included many references. to pedagoGical research

studies that had been made in chemistry.

Study of Educs"tion, a program for teaching science.

,The general features of this yearbook are set forth in

The Thirty-first YearbooIs, of thty Na ti onal Soc ie_!:z _for the

the first ten chapters. Chapters I to V give in order: (1)

tices in :planning the work of elel11entcn~y and secondary schools,

the .Committee's interpretation of what seem to be best prac-

~ideqthe Cornm.ittee incanstructing its' program.

the field of sClence; (4) a definition of the field of science

principles and generalizations that r~lay be used for Guidance in

selecting ,the slJecific objectives af science teaching; and (5).
a·'Q:Jr:i.ef interpretation of the principles of psychology that have
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,.In ,Chapters VI to IX, inclusive; there is an analysis
" '- ;.'. -,' ~', ' ',' ..... .

O.:e' the, contributions from e6ucational research that relate
'.~:: \" . .

,~(?\tlW\r,field of scien'ce teaching. ,In these chapters are

pr€}sented, in order, interl)retatio~1s of research relating,?

J~) ,to probleDls of classroom teaching; (2) to problems ,of

laboratory t,eaching; (3) to the content of science courses;

and (4) to curricular developments in school centers.

Chapters X to J.[\[, inclusive, carry reconmlendat ion$ for

each of the administrative units of the public school. These

are foll;owed by a chapter (XVI), on rooms and equipluent for

,SOiel.1Ce teaching, with recomruendations for each of the ad-

ministra~ive units.

In,Chapte~ XVII, on science tea chine; on the college level,

atte~tion is given to problems associated with the integration

,Of high-school' and college courses.

,In Chapter XVIII, on the education of teachers of science,

i"t JS ~,sswne6 that the requisites for success in such teaching

1:l1!'J~,: " tirst, that the teacher shall be a liberally educ!"l ted

.~,e;tt;~Q,ni ,se,cond" that 4e shall be a specialist in science; and'

'fill_d., that ,:,he shall be professionally educated, in the sense

that he will be familiar ~it~ the problems associated with

teaching and in cOlilluand of the techniq:ues tha,t are necessary

f'Qr successful work in the classroom. The program for the

:,e,ducation of teachers is, therefore, a program of Iibersl
.,~ ,- '~"-' 0"

education including a good measure 'of specialization and, at

,t:b,e sante time, a program of professional educB tion.
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"l'durtis ha swritten two books which are composed of

digest ~ of investiga tions in tJle;'teaclling of science. They

are' "In;'estiga t ions in Tea ching of Science ,,15 and "A Second

Digest of Investigations in the Teaching of Science"+6 The

first'book represents an endeavor to include the learning

studies in elementary and secondary school science published

before 1925; but no attempt has been made to include all of the

curricular studies. Because of the great munber of these

studies; this report places its stress mainly upon the in-

vestigations published during the period from, 1920 to 1925,

and presents only such researches published' before 1920 as

seem in the author's judgment to give data of more or less

p'erillanent value.

Digests of seventy different learning and curricular studies

compose' the" body of the book. The form of the digest of each

article is that adopted by the Department of Superintendence,

N."E.A., in its Third Yearbook. A brief statement of the

prH6Iera.; a description of the method or technique used in

obtiaining the data; an6 a detailed list of the Findin'gs, iri-.
8tudihg,' 'tlsually, conc lusi ons and, OCC:::I siona1ly, recormneno8 tiol1s 0

l5F D r. t·•• ",ur 1S,

16Fr . D C t .. A S d D' '- fIt· J" •. _ anC1S • ur 1S, __ econ 1ges'u a nves' lr;anons 1n
the Teaching of Science. Blakiston's Son & Co., 1930

'.,
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Separate lists of Conclusions and Recommenda"tions are given

only when the investigator has .s1.u)lmarized the results of "the

investigation, or of several separat.e j.nvestigations or units

of an investigation.

In his first book Curtis, as has already been stated,

considered only pedagogical researches in the elementary and

secondary field. In his second book, he included pedagogical

researches in both college and secondary science. curtis17

stated that the pedagogical researches·in science were so

volmninous that it vvas impossible to include all of them or

even a wajority of them in one book. Cons~quently, the members

of the National Association for Research in ,science Teaching

were asked to ·submit researches in the science field that

they considered important. From this list Curtis selected the

studie.s whtch he included in his second book.

Goodl /3 made a study of researches in the secondary ,school

subjects, grades 7-12 inclusive from 1918-1927. He made a

study to discover significant contributions to sceondary jnethods

published in non-peri09-ical form. ,He also made a survey of
.

the research in secondary methods ~lich has apDeared in

periodical literature 1926-l9~9. Of the 552 studies foutid in

periodical literature, seventy-two 'were in science Which ranked

:17curtis, op. cit.,. Vol. II.

.. , 18 ' .. '
Carter V. Go9d, "Research in :3econdoJry So·hool Eethods",

J"ournal of Educational Research, Vol. 22, June 1930. pp. 9-30.



Concerning the value of these articles Glenn stated:

wrote less than four articles in their chosen field of 11lOrk.

12

11 •19
Th

'
d. 1 ., p.

~~~\*?:\':;''''.
·'r,i

~:<'l:e::trst. The social studies ranked sec~)lld 11"i th sixty-eight

"A survey of the articles that have been vITitten
on the teaching of chemistry during the past twenty­
five years, reveals the fact that most of these papers
are of no importance now, and uere never of much
importance. rlost of the papers are short, poorly
organized, and show no careful study·of the sCient~fic

or educational literature bearing on the subject."

.
numerous and intensive researches 118 VB d8s1.'t:W;ith labora tory

versus the demonstration luethod.

Glenn20 made an analysis of 455 articles complIed from

the work of 282 authors for the years covering the period

authors contributed only one arti~le from 1890-1925, fourteen

and one half per cent wrote two articles and four per cent

~tudies in this -field., .

~odi9 found that in science ijlethods that the most

1890 to 1925. He foun'a that· seventy-three per cent of the

wrote three articles. Over ninety per cent of these aut l.10rs

A Gommittee on Research Problems of High-school Chemistry

Instruction of the Div~sion of Chemical Educetion of the· American

Chemi.cal Society complied a bibliography on high school chemis"l;ry

instruction. 22

20
. Earl R. Glenn, "The Need for Research on Problems or I

High~school Chemistry Instruction" •. Journal of Chemical Education
Vol. II. 1930. pp. 670-73.

21Ibid., p. 671.

~2 " .
"'."Rer::earch Problems of 'High-school Cheldstry Instrv.ction."

Journal of Jhemical Education, Vol. 7. [~ept. 1930, 1)2. 2158-2159.



.,

.:"'.,

This represented 8 survey of articles published in the

Journal of Chemioal Education frq~ 1924 to 1930. It was

explained that the. list of articles, represented by no li1eanS a

comprehensive survey of all the articles published in thip

interval in the Journal of Chemical Education •
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applicable to some of the special sciences and particularly to

number of studies found vms 120. Eighty-eight of these studies

•
II. PEDAGOGICAL RESEARClI STUDIES Hr CHEI\~ISTRY 1928-1933

r. ' ,
The most inclusive compilations, to the v~iterts knowledge,

o:f research studies that have beert made in colleges and univer­

sities, and by Research Divisions of city school systems are

lunited States Office of Education Bulletins, op., cit. p.S.

A., The Specific and General, :Besearch Studies in Chemistry

those madeiby Research Divisions of city school systems and

colleges and universi ties trom 192~-1933.! Studies i were found
,~ ,I I
. '! ~ (

devoted specifically' to sortle phase :of che*listry, and studies
1 . ,

that dd;d not treat with anyone of the sp~cial sciences but were

:found in the .llulletinsof United States Office of Education,

BibliograpJUies of' Re;s'earcll: Studies ~1 ,These bulletins also
; .;

contain sorhe published res~arches and some researches that ViTere

published in magazines. The ~~iter, though, was interested in

studies made for a higher degree, published or unpublished, and
,1 I \

chemistry• These two groups ha,ve been, designa ted respectively

as the specific studies and the general studies. Table I

sh01lVs!the'distribution of the'amount o:f speci:fic andge,neral

peds,gogical res'earch in chemistry from 1928-1933. The total

were specific studies which represent 73.2 per cent of the total.

Thirty-two of these studies'crere general studies, \7111c11 rep-

resent 25.7 per cent of the total.



by Research Divisions of oity shool systems.

by liberal arts oolleges, and three or 2.5 per oent

were sponsored by univ~rsities, six or five per oent

15

'..
twenty-two of 18.33 per oant

TABLE I.

B. :J?y'IJhom .!.he· .Studie s were Sponsored.

Tatile II shows the distribution and peroentage

IlISTRIBlJTION OF THE AMOUNTJ:.OF SPECIFIC ArID GENrlRA~

PEDAGOGICAL STUDIES nr CHEL.ISTRY FROM
1928-1933

t t

" Nurntrer - . "

Nl,lllilier :

Year Specific Per General Per Total
Studies Cent Studies . Cent i

-,---.-._~---Studies Per cent-_.
1928 15 17.1 4 12.5 19 15.8

i

1929 18 20.04 2 6.2 20 16.6

1930 23 26.1 .12 38.5 35 29.1

1931 24 27.2 9 28.1 33 27.5

1932 8 9.9 5 15.6 13 10.8
-

TOTAL 88 73.3. .32 26.7 120 100.
..~...

'- ..,

red and twenty studies,

, .

of studies according toth~ institution or ~esearh

.division that spon'sored the studies. Of the one huncJ.-
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T.A.:3LE JI

DISTRIBUTION AL\TD PERCENTAGi OF STIJDIES ACCORDING
TO INSTITUTIOE.S .um R:2SZARC':I DIVI~3IOIW

5 TF~T SPONSORED THE STUDIES
~.

0- ". '-Ni::unber
Inst~tutions

: 10f "Per .cent
Studies---- . -, -

Teachers'
College 22 18.33

University 89 74.17

Liberal
Arts

College 6 5

Research
Divisions
of City

I
School Systems 3 2.5

TOTAL 120 100
-. - --,

·C. The Studie s Made for Higher Degrees.

Table III :s11ows the number and percentaces 'of

~eaagogibal'studies in chemistry made ~orthe masters'

f and doctors' degrees and those not made for any degree.

It is seen that 74.2 per cent of the studies were

masters' studies, that 10.8 ~er cent were doctors'

studies, and that 15 per cent were not made for 8

degree •.



:;,:;.... - --
The Number Per The Number Per Not Nade Per
Masters' Cent Doctors' Cent For A Cent I Total
Studies Studies Degree' ' Studies Per Cent

89 74.2 1,3 10.8 18 15 120 100
-, ..

ot; t~ese. studies, no attempt Vias made to make an extensive

cl~~sif~9Btion. The c~assiticatton is, as apparent, ver~ general.

In i{h~,majority Of the studies, there was no question as to the

type it represented as found in Table IV. It vI/as true, in a

few cases, that'astudy could represent one or more types. In
, ,

'"

TABLE IIIi '

THE J.\i'1JIJIBER AtTD PERCENTAGE OF PEDAGOGICAL STUDIES
IJ,ADE FOR THE M,i.l..'3TERS" ,AND DOCTORS' DEGR1:ES

AND THOSE NOT I"IAD~ FOR AJ:TY DEGREE
FROM 1928-1933

The TYl}es of :?edagogical Si{udies in Chellistry

"'.

D.

Table IV is a classification of the ,pedagogical studies

2 J". O. Fr-ank, The Teaching of High School Chemistry.
(OSKCish', TlfiS. : .T.O. Frank & Sons), 1932. pp. 1-281.

17

,
teachiI1:g of high-school chemistry. The writer also found the

I, ~ ',~, "

in their classification.

accQr\iing to type. They are given in the order of the number

of studies devoted to each type., The classification is to a

l~rg,? extent, that used by Frank2 in his book treating viTi th the

these cases, the major emphasis of the studies was considered
r.'

classi~ication of science articles used by the Education Index

helpful. In view of the l1"ited inforr'la tion concerning some
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AI'abl$,:IV Elhows. that the studies. that treat with tests....... ',.,.- ... , .... ,' ,- ...':

all;d,'Jn~asv.~~me:ptE!.inchemistry ranke,d first. withseventeen

s~~die,s.,q~14.16per. cent of alloftl,le studies of this type.

Al'l~l'Ysisof eh~mistry laboratory manuals or chemistry text-,

books ranked second .with 16 .studies or 13 per cent·devoted to" . ',; , ..•... , .'. ' .

thJs type. :·The:r.l;ext type of study, classroom methods of'

t~achipg chemistry and science, ranked ,third with 15 studies

or 12. 5 per :.cent of all the studies falling under this class.

It is: ,true that lecture-demonstration method is considered as

either a laboratory method or a classroom method. Consequently.

it, wascl&sf;"led under neither. Any study which attempted to

ascertain any relationship of high-school and college chemistry

was placed under number four in Table IV. There were 13 such

studies or 10.8 per cent of all studies. There were ten studies

that were state surveys or 8.33 per cent of all studies. There

were six studies that were classed under enriched teaching. This

is a rather general term, used by Frank,3 that includes all

methods, ways, devices, apparatus, and tools to enrich the course

in the teaching of chemi~try, such as, chemistry or science clubs,

field trips, exhibits, pictures, bulletin board, scrap books, etc.

Laboratory teaching included six studies or 5 per cent of all

studies. There were six studies that were classified as miscell-

aneous. This represented 5 per cent of all studies. The nature

of these studies was not sufficiently known to justify their

classification.

'~>ZIbid., pp. 164-185
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Any study that analyzed any type of literature, as a

basis £o~ the solution of problems +elating to pedagogical

chemistry; was placed under number ni~e in the outline.

There were six such studies or 5 percent of the total. Any,

study that determined the relationship of high-school chemistry

with other subjects was classified under number ten. in Table

IV. Four studies each were devoted to an~lysis of students'

interests, history of chemistry, and the lecture-demonstration

method. Three studies each were. devoted to aims of chemistry

teaching and school surveys of chemistry teaching. One study

was a national survey of chemistry teaching.

,'.



THE: TYPI:S OF PEDAGOGICAL ST1.TDIE;J IN CEEiHSTRY IN 0I\D2:R
OF'THE NUl13ER OF STDDIESDEVOTED TO :EACH

",
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5

4.16

3.33

3.33

13.30

14.16

6

5

4

4

17

15 ·12.5

13 10.8

10 8.33

6 5

6 5

6 5

16

Classroom llethods of
Teaching Chemistry and
Science

,,':,'\ "J:, ,,"',' ....' '. .',

MiscellaIleiousStudies

Analysis of Chemistry
Laboratory Manuals and
Textbooks

Relationship of High-school
and College Chemistry

State Surveys of Chemis'try
Teaching' , , ,

Er{riched Teaching

Labora tory Tea'ching

History of Chemistry
Teaching

TABLE IV.

========='-=-===---=============¢;:::-::':'-:;='- l:i-4==========-----.---.- IJwIlber of-'
__~es ot._·..:.S..:.t.:::u.:::d.:::.i..::.e..:.s ~_4--.;..", -=S;...:t:..:;u::..::::.dies j Per_c_e_l1_t_

Tests, and rteas'urements

f~' .' . ~)

Ana'lysis bfLiterat'ure as a

~·~~~'fe't©~R:~:t~~,~1'i~ip~d5f
a~pgical Chemistry

Correlation with Other
SUbjects

'" Analysis Of' S'tudents'
Interests
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T_.'''BL4l IV (Continued)

,

4 3.33

3 2.5

3 2.5

1 8.83

120 100

'J'-' .,

."

~; T9 y.v:hat; extent are reviews of pedagogical research
I' • ~ .' ;.• ' , .... ,- '. , 'i

. National Survey of
·'·Chemi stry :Tea ching

Lecture Demonstration
, Method'

Aims of Chemistry

'School Burveys of
Chemistry Teaching

. TOTAL

:E~ c The R~'v'iews ofPedagogica.l' Studies That Were
Published in Magazines

.s,Y:!:l,dies., i,~( c,h.emistry foun<1,ip> ,magaZines? After having

p.e:te,~mined the, number of studies made each. year from
t, '.,... ,. ...... -.... ,. iI ",': .'. • ,~ • • i ',_.:-.; I. • _ • ' ~, ' .. . . ~ '.' ' .. '. • ,;) ,

).~~?,8:-l~33,., ,a thorough search was. m~.de in order to as-
, .

:·~f!3rjiain whethereac,h ,of ~hestudieswas, pp.blished the
",' +., ,.-<-..•• " ......" .', ~, .... , .\. - .. "-\h ··,-~t.. ,'- .', -:. ':. ..-' . ':.' . ~':\ \ .•. '.':,'. '

',year 9f its completion or for a two-year period follOWing.

,,'Th~,writer failed to find any stUdy published for

.;aI,leI1,iod grel3.terthan two years a,fter its completion•

',,.,:

.{.'
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'X~J3.P'~(3 .:v.I, sho;ws ~:he pedagogical studies made in chemistry
" . "

:i:A'/:L92t?,:. a~d;.the year. in which ,·these studies. were published.
k

Qf:.,th,e nine~een. studies made in 1928, none was pUblished in
1

~9:3.8•• Four. were pUblished in 1929 and one in 1930,. a total of

£iy~.stup.ies pu'blish.ed or 26. 3 per cent of all the studies made

iPJ..928.

'T~Qle VII. shows. the studies made in 1929-.. abstracts of

vl41i,ch werepllPlished in magazines in 1929, 1930, 19311•.

Of ,the twenty s.tudies· made in 1929, four were pUblished

or20·pe~ cent of all studies made.

Taple VIII shows that of the 35 studies made in 1930,

fo~r or.-ll.4 per cent were pUblished.

Table IX shows that o£the 33 studies made. in 1931, .

s;i.~or18.1percent were published.

~~1::lle X shows. that of the 13 studies made in 1932,

the~:.f;Lps.'1ir~ct ,of only one was publ.ished in any magazine.

'/J iTS(b:J.~.~I i~ a swnmaryof the number of studies published

in magazines the year o,f their completion anti for a two-year

period afterwards. Four or 20 per cent of the studies we.re pub­

lished the year of their completion; thirteen or 65 per cent

of the studies were published the year after their completion;

three or 15 per cent of the studies were pUblished the second

year after their completion.
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Table XII is ,a summary showing the distribution of the

>,
1928 to 1933. A total of twenty studies was published in

1

Therefore, 17.4 per centmagazine literature from 1928 to 1933.

,
number of pedagogical studies pnblished in magazines from

"

research studies foubd in various magazines ,from 1928~1933.
'. ,

. It is shown that eleten magaz ines: published :abstracts of

researches', studies in chemistry:from 1928 to 1933. Eight

of these magazines published onl~ one article from 1928 to

1933. This represents 38 per cent of all articles published.

One magazine pUblished three articles which represe~t 14.2

per cent of all articles pUblished. Two magazines each

published five articles, .which represent 47.6 per cent

of all articles published•. The writer found only one study,

the abstract of which was found in more than one magazine.



TABLE VI

TABLE V
',' ..

'.,

20

26.3

24

.
,

5

4121

. The Nu..rn.ber" 'and Yee,r in Which,
Ab~sii:;~cts Iof Studies \werePub1ished
'.' " A. ; .In l!Iagazitie~,-'-'-. .c..:.:..-:...;.;-'-'-.......:.-r'.....----I---ror==r-

1929 1930 1931 Total Per
Cent

Number of N1.lLllber of Number of:
Studies Studies Studies

.:Pub1ished :!?ub1ished. Published
-.------1-.-..--._._-- -.----------4

-+---------.,..,.+-.,.------+------+--_.--0

19

20

Number of'
Studies Made
. ,In 1929

THE ?ED.AGOGIC.A.L STUDIES rIADE E~ CHE1\:IISTRY IN
1928 THAT· WERE PUBLISIIED. IN T:;AGAZINES'

IN 192B, 1929, 1930

.\"..
:=:::;;:~===~=:r=r-======;;:;;;::=:::,;:;;:~' ==::;:::::;;:;::::::-.=:;:.==~:;±====~==:::::=::Number ofr.Dhe Nw:nber and Year in which: -...... r--.

st.udi_es L~a de Abstracts t o;fStudies'were J:ub1ishecl"
"-in 1928 . - fin r.!:ag'azines--------LI-.-'-.--'-._ .._--;,.......;~-=.;;;.:::....i_~;.=;r-.:~-_.-- (

'1928 19291930 -1 Total', ~:;t
, -.-.:--~~.:..'-'-=-- ----'-+------.....:..f------"-f----"!"t-"........--

I .•

Number of, Nillllber of· Nwnber of(
Studies" i. Studies: Studies

:?ub1ished Published' Published
I---'-'-~==~=-+_-=--::;:':::':::': -:..:::....t-~====-f

041

THE PEDAGOGICAL STUDIES FADE I:if CHELIISTRY IN
1929 TIutT -.JERE PUBLISHED IN LIAGAZUJES

.~ .. -' (. ',,:Il\t:--1929, 1930, 1931
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TAELE VII

THE PEDAGOGICAL STUDIES, 1~DE IN CHEMISTRY IN
1930 THAT V.!ERE 1?tJBIiISHED IN MAGAZnmS

IN 1930, 1931 p 1932

,

l\J,UInoer ox ,The .J:Jumber and Year ~n wh~ch

Studies Made, Abstracts of Studies were Published
in 1930 in Magaz ines

,
1 Per1930 1931 1932 Total Cent

35 .~ Number of Number of 1-:umber of
; Studies Studies Studies ';,

PUblished published Pub1ished~

2 2 0 4 11.4,

-,

TABLE VIII

, . THE PEDAGOGICAL STUDIES L7.ADE IN CHEJSISTRY Ill:
1931 THAT lHERE :PUBLISHED IN Iv~GAZI1TES

IN 1931, 1932,1933

..... "

Number 01' The Number and Year in Which
Stuqies Made Abstracts of: Studies were Published

in 1931 in Magazines

";1..931 [1932 1933 Total Per
Cent

33 Number of Number 0:1:' Number of
Studies Studies Studies

Published Published PUblished

0 5 1 6 18.1

\ '

"...- .. ,.'.
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,.,';,'.,.' .•< ~ .,,' • • • " •

. "
..1o>j ,1,'· .

TABLE IX

THE PEDAGOGICAL STUDIES, ·MADE IN CH:CJ:.TISTRY IN
1932 THAT WERE PUBLISHED' IN NfAGl1.ZnrES

IN 1932, 1933. 1934 '

Number 0:.: trlle Number"end Year in 'which
Studies MadEl. Abstracts.Oi; st'lA.c1ies were iJ?ubl.ished

_.;;;;i;;.;;n--=1~9.;;;.3.;.;.2 • , ...,.."""in,,--].~[,~azines __ ----4--,-

13
1932

Number of
Studies

Published

1933 1934 Total
Number of Number of
Studies· Studies

Published Published--+------

Per
Cent

1 o o I .92

TABLE X

A SUMlvlARY SHOWING THE lWUBEH OF nEVIEWS OF STUDIES IN
CHETh1ISTRY PUBLISHED I~,~~GAZINES THE YEAR OF THEIR

COMPLETION AIm FOR A. TWO-YEAR PERIOD AFTER'''.'ARDS
", .

. St·"f~-.i:r ~ :, :'t" ". :~,>~~ '-:" '~.i'.', , 'u.\J.~e~:L , .. ,".. J':

. Published in " ,
.' Mag~~~p.eis.·.th~ Ye(ir

r;.r t;,. ,). 6f ~h€Ltr Cbmplet;ion
4 ~o

,
published in
Mag~zines the fo11o~­
ing Year after
Completion

Published in
Magazines in the
Second Year after
Completion

13

3

65

15

:Tota1 20 100



38,

o

14.2

o

47.6

100

8

o

1

o

.2

11:

, ,., . ,
Number of Studies Published Per

Year In Mas2:szines , " Cent

,1928 "

" .. 5 " 25

1929 ., 4 20

1~30 '. '. ~. .~ 4 20

1931.", 6" 30
;'

1932 " 1:, 5

Total 20 100

2

4" '

-1

TABLE XII

, ;NbMBER OF ARTICLES, THAT' REVIEWED PEDAGOGICAL
RESEAROH STUDIE$ IN' CHE,MISTRY, FOUND IN

VARIOUS MAGAZINES FROM 1928-1933

27

4The total is twenty-one because there was one article
that appeared in two perlodicsls.

,I,'T t '14 21"";',\ 0 a· .

I .. -i "·'

--
: r'Nutnber of: Number of. Mag~zines in whd:~h, Per Cent of Articles

Articles This number of Articles was Found in this Number
" Re.»" , }':. ,:.'"", "t' F<i>und " ' ", of Magazines

'TABLEXI' : \

A SUMMARY SHOWING THE DISTRIBUTION OF THE
NUMBER OF PEDAGOGIOAL STUDIES IN "
GEEMI STRY PUBLISHED IN 1~GAZlNES

I" FROM 1928-19$3
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'F. Summary and Conclusions

, ,

:~

From 1928 to 1933, one huttdredtwenty pedagogioal

Seventy-four and seventeen hundrenths per cent of the

sitdi~s were sponsored by the universities and eighteen

i~>: .~", -~:-; , ' ' . "

aspect of chemistry teaohing.Twenty-siX and seven tenths

per cent of the st~dies'were general research studies,

applicable to some of the other sciences. Seventy-four

:,
research studies were found that were made in colleges and

~iversities a~d by Research Divisions or Bureaus of city

school systems. seventy-three and three tenths per oent
, ' '

ot the research studies treated speoifioally with some

i _~. '

and two tenths per cent of the studies were made for masters'

degrees,which represent a great majority of all studies

made. Ten and eight tenths per cent of the studies made were

for doctors" degrees, while only fifteen per' cent of the

studies were not made for any degree.

'I~ ~ !,;( ::"
by Research Divisions of city sChool"systems.

t~ (~{, ,;", (:. ',"~.

teaching chemistry and science, 12.5 per cent, (4) relation- .

siii~ c;f high sohool and 'college chemistry, 10.8 per oent,

(5) state surveys of ohemistry teaching, 8.33 per cent,

and thlrty-three per cent of ' the studies by teachers colleges,

ff~e,l~er cent by libe;~i arts colleges, and two per cent-

The types of research studies listed in order of the

number of studies devoted to each are: (1) tests and

measurements, 14.16 per cent, (2) analysis of chemistry

l~b~~~tory man~als, 13.3 per cent, (3) classroom methods of
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(6) enriched t~aching, 5 per cent, (7) laboratory teaching,

5 per c~nt, C8} miscellaneous s~u~i~s, 5 per cent, (9) analysis
J' ;,., "

or literature as a basis for the solution of problems related

to secondary chemistry, 5 per cent,. (10) correlation with Qther

subjects, 4.16 per cent,' (11) analysis of students' interests,

3.33 per cent" (12) history of chemistry teaching, 3.33 per

cent, (13) lecture-demonstration method, 3.~3 per cent, (14)
;,,~.. ' , .

aims of chemistry teachi:ng"2.5 per cent, (15) school surveys
",' .-' '.

ot chemistry teaching, 2.5 per cent, (16) national surveys of
••• .'; ~_,' ; ; .1., , •• " '." ...

chemistry teaching, 1 per cent. '

Of the one hundred twenty research stUdies, an abstract

of only twenty were ever published in any magazine. Two

m~g~~ines published 47.6 per cent of all re~earch studies

that were published in magazines. One magazine published

14.2 per cent of all studies published. Eight magazines
,,\,, .

puplished 38 per cent o.f all published reviews.
:'f/.':: , :

The reviews of the.majority of the studies were published

~~e~~a7- '. following th,eir completion. Reviews ofth1D:been

studies were published 'in magazines the year after their
", " '''';''':'",. -, -, " "-.;'" ,'"\ -
.;:. ,•• ' <" I .'

completion or 65 per cent of the total number of studies pub-

lished. Four reviews of studies were published in magazines

the year of their completion or 20 per cent of all studies

published. Three studies were published in magazines the

second year after their completion, constituting fifteen per.

cent of all studies published.
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seventy-two per cent of the studies were specific studies or

An

,
Twenty-one studies were

;

wpich \yas four or 4~3 per cent of all
i

found ,in magazine Iitara ture in 1933.

, l

",,-.

77.5 per cent of all studies found.

Tablef XIII shoW's the distribution of the number of

1 -See p. 14.

III. THE PEDAGOGICAL RESEARCE IN MAGAZINE
LITERATURE 1925-.1935

A. The Amount of Specific and General Pedagogical
Res,earch in Magazine Liter€\tur.e from 1925-1935

specific and general rese~rch studies in magazine literature
\. ,:_ I;

from 1925-1935.i A total of ninety-three stud.ies was found.

teneralstudies or 22.5 per cent of all' studies found in

magazine'l'iterature. The ;largest number of studies was
I

,

nUmber of ~tudies,

stud1'es foUnd, was

found in 1929 which ~as sixteen studies or 17.2 per cent of

all t~'e sthdies founh "in magazine literature'. The smallest

r ~.

avera~e_ofLn~n~.a,ndthree ):tenths per cent of; Iredagogical .

research studies in chemistry were published each year fxom

1925· -to 1955 in magazine literature.
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TABLE Xl'll

DISTRIBUTION OF THE NUMBER OF SPECIFIC AND GENERAL
PEDAGOGICAL RESEARC'H STUDIES IN MAGAZINE

,":. LITERATURE F~OM1925-1935

Number ot Number of ,,' :

Year Speoific Per General Per Total
i Studies Cent Studies Cent Studies Per Cent,-

1925 '11 D-f?2 ' 2 9.5 13 13.9.,
"--

1926 7 9.7 2 9.5 9 9.6

19'27 8 ~1~1': 1 4.7 I 9 I 2.6

1928 "6 '8.3' 3· 14.2 9 9.6

1929 15 20.8 1 4.7 16 17.2

1930 7 9.7 0 0.0 7 7.5-

1931 I' 5 6.9 3 '14.2 8 8.5

1932· 7 9.7 4 19 11 '11.8

1933 1 1.3 3 14~2 4 4.3

1934 5 6.9 2 9.5 7 , 7.5
.-

Total 72 r77.5 21 22.5 83 100
,~ I- "

::.....
,'i :X'
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B. The Length of the Artioles

Glenn2 in an analysis of 455 ar~ioles in magazine liter­

ature in ohemistry in 1930 found that most of the articles
I

were very short. Artioles were one page in length. Glenn

oonsidered both research and controversial articles. 3

i

Tab~e XIV shows the length of the pedagogical researoh

articles in chemistry in magazine lime~ature from 1925 to
;

1933. The length of the articles range from one page to
,

forty-two pages. There was only. one article one page in

length. There was a total of five hundred seventy-two

pages devoted to a review of the ninety-three research

studies in chemistry. The average length of all the articles
J

was six and two tenths pages. These data relative to length

of the artioles, do not,conform to those of Glenn.

2
Glenn, .Q.E.. cit., p. 572.

3 ;
A research article 1s considered one that discusses

a researoh study. 1
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TABLE XIV

.. 'TRE"LENG-'THfO]"'":J?EDAGO'GIC1L'REsEIRCIf'ARTICLES"
FOUND IN! l,1.AGAZINE LITERATURE: 1925-1935

I:~umber of· J?ages • l~um'ber of Articles l'er cent of Articles
Devoted to Articles, This L~gth This L~E~E_._

1 1 1.1

,2 8 8.6

3 5 5.3

4 7 7.5

5 10 10.5

6 7 7.5

7 11 12.2

8 12 12.9

9 7 7.5

10 6 7.5

II 7 6.4 .

12 1 7.5

13 2 1.1

14 2 2

16 1 2

21 1 1.1

24 1 1.1

25 1 1.1



TABLE XIV: (Continued)

'. ,.,. ..

30 1 1.1

31 1 1.1

42 1 1.1

···~Total 572 93 100
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e.l The Writers of the Pedagogical Research Articles in
Chemistry in Magazine Literature from 1925-1935

1. The Number of Contributions 1fude by the Writers
"

Table XV shows the number of contributions made by the
,

writers of the research articles. The table shows that sixty-

seven different writers made only one contribution from 1925

to 1935. This represents seventy-two per ~ent of all research
,

articles pUblish~d in this interval. Five writers made two

contributions eacp, representing 10.7 per cent of all research

articles publishe'd. Three writers made three contributions
\

each, which represents 8.7 per cent of alIi studies published.

Onenwriter made seven contributions which represents 7.5 per

cent of all studies. The table shows that seventy-six

writers made ninety-three contributions.



T

36

TABLE x:.v.

THE NUMBER OF CONTRIBUTIONS MADE BY THE
WRITERS OF RESEARCH ARTICLES

Number of Writers .l:'er cei:1.tOf Vvriters who
Number of Who made This Made This Number of

Contributions." Number of Contributions Contributions- --_.._--
1 67 72

2 5
,.'

10.7

5 ·3 8.7

7 1 7.5
;

ota-l- 93 76 100.

2. 'The Institutions With Vfuich the Writers
, ,'Are Affiliated. -- --

Table XVI shows the number of articles contributed by

the writars -affiliated with the various types of institutions.

Thirty-two articles or 34.4 per cent of the articles were con­

tributed by individu~ls affiliated with the universities.

Twenty-nine articles or 31 per cent of the articles were

contributed by individuals affiliated with the high-schools.

Sixteen articles or 17.2 per cent of the articles were con­

tributed by individuals affiliated with teachers colleges.

Twelve articles or 12.9 per cent of all the articles were

contributed by individuals affiliated with the liberal arts

colleges. Four articles or 4.4 per cent of all the articles

~ere contributed by individuals whose schools were not known.



.TEE NUMBER OF PEDAGOGICAL RESEARCH ARTICLES IN
. CHElvHSTRY FROM 1925-1935 CONTRIBUTED BY

THE VffiITERS AFFILIATED. WITH 1'HE VARIOUS
TYPES OF INSTITUTIOHS

37

. , TABLE XVI.

- ..•.. '. The NUmber of Articles
The Type of Contributed by the Writers Per cent
Institut·ion Affiliated wi ththis Type

of Institution

University 32 34.4

High-school 29 31.0

Teachers
College ·16 16.2

Liberal Arts
College 12 12.9

School not
Given . - ~_., . ·4 4.4

.

,.. J<
, '·c-

, .,

,'".;',:.

:;~.~?-'
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'1~ l5~ ,Tf.Pe's of, Pedagogical Research Studies in Chemistry
,d" ii, i:q ·,~~aga.zine Literature 1925~1935

','TafiYe XVII isa cflissit"ication' of the pedagogica.l research

st\idiel's iIi' chemis'tr:Y";accordirig to types and subtypes and the

number of researches devoted to each type and subtype. The

seitite:means and basis were 'used in classifying the research

stu.dies 'in magazinellt~ratu:t:e as was used in classifyirig the

stUdies in Chapter 11.4 This is an extensive classification

of all"research studies in magazine literature of 1925-1935.

"Th.e ~ur-ttey studies rank first with eighteen or 19.3 per

cant'df the studies of this type. Tests and measurements rank

second with sixteen or 17.1 per cent of this type. The re­

lationship of high school and college chemistry ranks third

with thirteen studies of this type or 13.9 per cent of all the

studies. Classroom teaching of chemistry ranks fourth with

nine studies of this type or 9.6 per cent of all the studies.

Enriched teaching ranks fifth with seven studies of this type

or 7.5 per cent of all the studies. Laboratory methods rank

sixth with six studies or 6.4 per cent of all studies. All

studies which attempted to determine what is being taught

in chemistry and the organization of the subject matter of

chemistry that is taught were classed as subject matter studies.

There were five studies of this type or 5.3 per cent of the

studies. Five or 5.37 per cent of the studies were analysis
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or textbooks or laboratory manuals. Four studies or 4.3 per.
cant 01' ~ll studies w~re studies t~,t treated with the lecture

demonstra~ion versus individual l~boratory method. There were.
four·,. s.tud1.esthatwere a~alyses 01' periodicalli terature. there

were three studies devotea to the aims of chemistry teaching.

There were two studies devoted to lecture versus laboratory

work. There was one study which was a h~story of chemistry

teaching.

No attempt has been made to analyze: the subtypes 01' the

general types. In the subsequent. chapters 01' this ·study, ex­

tensive analyses are made 01' the ,major general types and their,

subtype studies.
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2.15

4.30

1.07

11.82

Per cent

2

4

6 6.45

2 2.15

2 '2.15

5 5.37

1 1.07

6 7:19__

11

I1u.mber

STJRVEY"
1.. StateSurv~y of Chemical

Education ,

2~ Survey of Chemical Education
irtse~e~al stat~~

~~ Su~v~yoi'Science!TeacherB

,4. Science Classrooms

.... ":' ~ " .', "

, 5; Reliability of Examination
M~rks

.,

TABLE XVlI

A,CLASSIlnCATION OF THE TYPES 0]' PEDAGOGICAL RESEARCH STUDIES
',:' , IN MAGAZINE LITERATUI1E 1925-1935, ARRANGED IN

ACCORDANCE WITH THE 1TUMBER OF STUDIES
"DEVOTED ,TOE4QHOF THE GENERAL TYPES

Types of'stud~es

I.

Total

Total

. " :

II. TESTS AND ll.EASURE1mNTS
~. D~~gnostic Tests

?~ ~~ae4ingTests

")'3~ 'Achievement 'Tests
".,..",." " U.'",,, ,.. • , _>~__ .."" ". ", " ,_"



2.15

8.6

3.22

2

8

3 3.22

1 1.07

1, ,1.07

3 3.22

'1 1.07

9 9.

4 4.3
.1'.

2 2.15

1 1.07

7 7.52

'3

13 13.97

V::"7ENRlcm; TcEACHING,
. 1. V'isualEducation

~~~' I I"j- ~~~,i\~·:.}~:;·U,_i<;~;_-·; ";}_,~~;',":, y",,; t ".

2. Science Clubs

3. Activities of Science
Students

IV. CLASSROOM TEACHING
~r">:l,/Methods co:fPresenting

subj,ect matte,r "

2. Study methods
. -, ':., ,: .

• ,3. Term paper Practices
,C~\'~.""';~'~\" . "..... .. '

",4., Sectioning, '
1., :'<",'1 I";'

,'5.;lCritfcism, o:fTeaching Methods

'!Uo'tal

TABLE XVII (Continued)

,,..111. HELATIONSHIP OF COLLEGE A~m

HIGH SCHOOL CHEMISTRY
1." Influence'o£Hig~ School

Ohemistry,'on '-Oo11e'ge Grades

2;. Q;eneraI relationship of
,High School,and College
Chemistry

~.Whe~her"studentswho study
" H:t'gh Schc;>o1' Chemistry elect

Chemistry ~n College
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1'ABLE 'evII (Continued)

i ,

VI. LABORATORY METHODS
1. Laboratory Fract10es 4 4 11 3

2, Notebooks 2 2,,15

Teft,.! - .
6 6.45

VII. SUBJECT MATTER OF CHEMISTRY·
1. c'ontents of Courses 2 2.15

2. ReoI' ganization :; 3.22, .

Total 5 5.37

VIII. ANALYSIS OF LABOHATORY
TEXTBOOKS AND .MANUALS

1. Textbook Analysis 4: 4.3
<

2. Laboratory Manual Analysis 1 1.07

Total 5 5.37...

IX. LECTURE DEMONSTRATION VERSUS
INDIVIDUAL LABORATORY METHOD 4 4.3

X. AEALYSIS OF PERIODICAL LITERATURE 4 4.3

XI. AIMS OF CHEMISTRY TEACHING 3 3.22

XII. LECTURE VERSUS LABORATORY WORK 2 ~.15

XIII. HISTORY OF CHEMISTRY 'TEACHING 1 1.57

--, -
TOTAL 93 100.00

.
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B. summary and Conolusions

F.ro~ 1925-1935 the writer found ninety-three studies that
" If

were published in various magazines that tr~ated with pedagogioal,
, ,; ,

aspects of chemistry. Of these ninety-three studies seventy-

two or '17.5 per oent were speoific 'studies; twenty-one or 22.5

per cent were general studies. There ~ere' tive hUj'1dred seventy­

two pages devoted to reviews ot these studies, with an average

ot6.2 pages 'to each stUdt. A n1ajority ot the writers ot these

artioles made only'ohtt'cont:t1bu'bion in sten-year period~ One

writer 'made seven contributions trom1925"'1935,

Th1rty;;'tbur a.ndfoUr tenths per'cent ot the articles were

oontrlbutldby 1ridividualsattiliated with the universities,

thlrty;;;otteper'centby' those affiliated w1thhigh-aohools, and

, 12.9 pex"cent' by thoseitti:Ltlted 'with teaohers oolleges. The
':.~ ,.', \,1 1 ';' ~ ',', :', ", ' .,". ,,-, ,- .. ,', ',.' .", -," . .' '.',". , .. .." -

type or stu41es listec11n' the order 'ot the nUDlber ot studies"

dev6ted'to each are: . (1) surveys, (In t$lts an4measurements,

(3r'ielat1onship ot high school'attd college Chemistry, (4) en­

riohed teaching ot Chemistry, (5) laboratory teaching, (61 olass­

room'teaohing ot ohemistry, (7) subject matter ot chemistry,

(8) analysis ot laboratory manuals and textbooks, (9) laboratory

demonstration versus lecture demonstration, (10) analysis ot

periodioal literature, (11) aims ot chemistry teaohing, and

(11) history of chemistry.



IV. THE CONTRIBUTIONS OF RE?EARCH, IN MAGAZINE
LITERATURE 1925-1935, TO THE STATUS OF

CHEMICAL EDUCATION

A. 'Phe Types of State Survey Studies in Magazine
Literature

1. The Specific and General Survey Studies
in Magazine Li'terature from 1925-1935

Table XVIII shows the specific and general survey studies,
I

and the types of studies which they represent. There were

eighteen studies that were found that were classified as survey

studies. Of the eighteen survey studies, eleven studies or

51.1 per cent were state surveys of chemical education. Two

surveys were surveys of chemical education in several states.

This represents 11.1 per oent of the studies. Four studies

were surveys of science teaoher's which represents 22.2 percent

of the studies. One study was a survey of science classrooms

which represents 5.5 per cent of the survey studies.

44
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l~he nlunbers in brackets are the ntwIDers of the studies
tonnd in the appendix.

(92) 11 61.1
(23)
(42)

.

(20) 2 11.1
(40)

(93) (2) ·4 22.2

(30) 'I 5.5

18 100
---::::::-=-==-=.-::::::-=.::::-:=:r.-='========a~===--==

(52) (,99) (86)
(74) (60' (58)
(34) (50)

'oTY])e .of 'Survey ,

. I

,TF...E SPECIFIC. ii.HD G2FERAL SURVEY ST,UDISS IN CHDEIC.lj.L
. EDUCATION IN I'~GAZIlT~ I,ITEFU:..TURE1925-1935 'Al'~D

THE TYPES OK,STUDIES :,IHICH THEY REP,RESENT

state Surveys
of Chenllcal"
Education

Survey of Science
Teach:ers ' (51) (II)

ScienceGla ss­
rooms

,S.urvey of
"'Chemica l'Educa t ion
in Several states

TOT..t~.L_._.-..._._-~-~._-----_ ...---- -~­-------_._--_.-
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were West~rn States, namely; Utah and WaShington.

Two were,published

Two states surveyed

namely; Iowa, Ohio,

Fo~r studies were published in 1929.1929.

method of collecting the ;data. The smallest number of schools
, '.'

survey st?dies w~re published in magazine }iterature befoIB

2. Some. Facts Relative to the State Survey Studies,

surveyed ~as sev~nty-two (Study number 89). The largest
I

•
Table XIX shows some facts relati'veto the state survey

studies of chemical education in eleven states. Four of the

i

in 1931 ahd one in 1933.·, All but one used the questionnaire! ' 1

\
number ot schools surveyed was tpree hundred and two (Study

,\

number 92'). Four of the ,states surveyed: were Southern States~

states surveyed wereMid~Western States,

NeWJt.>aska!, Wisconsin, and: South Dakota.
\ ...; . ~

namely; South Caroline, two surveys, Texas, two surveys. Five
.'. ., ~ i . ",



TABLE XIX

SOME FACTS RELATIVE TO THE STATE SURVEY STUDIES OF
, CHEIUCAL EDUCATION FOUND IN MAGAZINE LITERATU'rtE

1925-1935 '

-, -" Year Chem- Sci- Method of Number of
states Pub- The istry ence Collecting Schools

Surveyed lished Studies Survey Survey Data Surveyed-
Iowa 1929 89 * Question-

72naire
Nebra- " 1929 34 * Question- 145ska naire

.'

Ohio 1929 60 * ~uestion- 291
naire

South Records and 302
Carolina 1934 92 * Interviews

South Question- 300
Carolina 1931 80 * naire."

"
"

South Question- 450
Dakota 1927' 42 * naire

Texas 1929 ; • 52 * Q,uestion- ~'I38

naire
Texas' 1925 23 *-.; Qu:.estion- 147

Uta.h:'lL "t.: *
naire

1931 58 Question- 50

Wash-fhg-:'
naire >,

Question- 203
ton 1928 86 * naire

" .~, ".,

Wiscon- Q,uestion- 127
sin 1928 74 * naire

, '

'.' '."

\: " ';"- ,~. ~
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'Jha status of'Ohemieal Education in Va:cious States

, .t

The findings of the surveys of these states are not
-, ¢:

impressive.
I

rirst, let us examine some of the findings of the surveys

of the Southern States.

Naudain2 in a survey in order to determine the status of

chemical education in South Carolina found that between thirty

and forty per ,cent of the teachers had had post-graduate work;

that six per cent held master's degrees; that the teaching

load of teachers was not too heavy; and that the chemical equip­

ment was good. The results of his survey indicated that

chemical teaching in South Carolina was on a par with other

states when similar surveys were made. Teaching conditions

were satisfactory.

However, Whitton3 in a survey of South Carolina which was

published in 1934 did not find, by any means, ideal teaching

conditions in that state. She states that the teachers are

poorly trained; that students do not elect science; teachers
; I.. i, 'f~, • r-,

tea~h 'too many saiences; and equipment is poor. The writer

was forced to make the following conclusions: "That South

Carolina (and possibly many other Southern States) is far

behind in the teaching of science, and that one of the most
"crying needs of the education system of the state is greater

'~G. G-. Naudain, study number ti9.
'-':'

3Emma Whitton, Study number 92.
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eIdpha:s;i!'s· upon 'the ,need fOr' soientific equipment and especially

p:rep'areID teach'ers. U

opp,.4 in' a survey of' chemi stry in Texas found that

teachers were teaching 'too :many sUbjects. Few of 'them had,

any'work in education; most of them had flve years of ex­

pe~i~oe; very few had any methcids in the' teaching of

chenifst:ry~ He expresse,d a general dissatisfaction with the

me'thO'd and'ma~teriais of the chemistry' course.'

Eritrikeri5 in a science survey of one hundred forty-seven

h:l:gh schools of Texas found science conditions very poor.

Se'veIlty"::rlve per cent of the' teachers were teaching other

sttbjec-b's than sciencf3~ Only 2.2 per cent of the students were

enroll:ed' in' soi ehce .One,;,third of the' schools required no
scietide whatsoever.

'We should'expect to find science conditions betiier in

th~'nrl:ddl~-~/e·st•.

'T{; lHdwev~~','Ph~lan6 found in a survey of chemistry and

ch~±il:t$try t~achinf iri< Ohio which was published in 1929 , that
''1'

chemiktj;y te~'chers are 'not well trained:; that 'the teaching load

isl:he'!i~y 1ri" ~Jie <smalt high schools ; that' the students find the

subject too theoretical and consequently it is not popular.

'~~. A. Oppe, StUdy number 52.

-"'''5
"J. B. Entriken, Study number 23.

,.b. W. Phelan, Study number 60.f;,)!::l. ". •.
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done when the teaching load is not more than five hours per

7T• A• 'Rogers, Study humber74~

amount of work that he does. Chemistry will be more effectively

50

9
F. G. Thompson and F. A. Rantz, Study number 86.

on the matter of teaching load, extra-curricula aC,tivities~

and the range of SUbje9tsassigned to teaohers· of Chemistry,, - ~

ais data indicated ,that the teachers are doing a good job of
"'t~::-'l ,<, - -.. ~.~ .:: ~:~ h' _. ,. -' ',' :' ;. -

,

t~~~h~n~ under the circumstances.
',1,_;1 ••',.

Rqg,erf:j7con()ludedatter making a surveyor chemistry

te~ching in Wisconsin that: "When we study the data obtai~ed
' '1,,1- :',

8-' '" ,.B•."C •. Hen~lcks and J". ~. Chamb~rs, StUdy number 34.
" '.~.:. -, ;,:-: "'-.-" . :

i:t seems as if the ohemistry teacher is imposed upon in the
!

day, inclUding laboratory period~ No teacher can do a good

job when he is asked to teach five or six sUbjects, as the

average high-school chemistry teacher does in Wisconsin."

Hendricks8 and Chambers in a survey. of chemistry teaching

in'Nebraska, Which was published in 1929, showed that high

so-hobl chemistry was not offered 'in a large per cent of> the

high schools of Nebraska; that a fair per cent of the students

continued Chemistry in college; that only 3.6 per cent of the

students take chemistry' in high-school~.

!.PhEf research workers in some of the Western states did not

fiin'd<the /s1iatl.ls· of scielic'~ 'and chemical education very encourag-
, ,9

,ing in these states. Thompson and Rantz found in a, stUdy of

the status of chemical education in the ;qigh schools of the

sta·te: of Washington that many of the teachers majored in sub jects
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C. Surveyor Science Education in Several States

"-."., ~ ,

otherthan~chemistry and that 'there 'is no Uniformity in subject

chenP.sjiFy,<;biology, pb.ysics, and gen~ral science were the- only
t ~.
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.. "matter~ •

.,

10Hllgh W. Peterson, Study number 58.

11 '
" 'F:rancesD.Our,tis, 'Study number 20.

sai,~~ce, ,Oft'ere(1,. Many of the teach,arsteaching in these ac­

credited ;ijigh schools were inexperJence. Most of the teachers

had bachelor's degrees. Fifteen per cent of the men and

9.5 per ,cent of the women had master's degrees.

,Curtisll in a very extensive article in North Central

AsSociati,on Q,uarterly, 1931-1932, gave the status of the

tea~h~ng of science in the ,secondary schools accredited by

th~ ~ortA Central Association. We should expect to find the

status of sc,i,ence teacp.irig satisfactory in these schools.

HO,:w:~yer, Curtis found that in a majority of the high schools,

petefsonlO in a survey study of chemical education in

rifty high schools in the state of Utah found: the enrollm~nt

in high school chemistry was low. Most of the teachers teach

other subjects. Many of the teachers majored in unrelated

fields of chemistry ins~ruction. The median training of chem­

istry teachers in Utah H~gh Schools is thirty-three hours.

:Many of thet'eachers have had considerable teaching experience.
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,

among the,teaohers of science in the .schools of the North
,

Central AS,sociation even so small a percentage as 1. 7 per
.'

cent o~ :.;the men and 2.9 per cent of the women who possess

secondary school teachers of' academic sUbjects shall be

eqUivalent ·.to. graduation from a college belonging to the

NoxothCentralAesociation of Colleges and Secondary Schools. 1f

Acaordingto Curtis only.4~9·per cent of the men and 10.9

per cent of the women had had practice work in the SUbjects

thay:werateaching. ·However. many o:f these teachers had had

considerablework'in education. The teaching load and the

classsi-zes were not~ excessive. Laboratory practices in these

schools;were 'found to besatis:factory. The general oonclusion
,

that·; onec reaches from the stUdy o:f Curtis is that, though,

theLstatus of science teaching in the high schools accredited

by the NorthCentral Association o:f Colleges and Secondary

Schbols',is'better than that :foUnd in most of the high schools

ofth'e 'c6untry',' 'there is improvement which is needed.

e::e:Urit'ei-12 iila 'qnesti~:pnaire study which attempted to as­

certaJ.!l\ tendericle's'~in- the t'each'ing o:f' s ciencs in one thousand

high schools found that general science is gaining in popularity;

hygiene is entering the junior and senior high schools; biology

is still~offered in·.the tentlJ'year; enrollment in the special

sci~~~~~ is small ~ncluding chemistry; the science courses are
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more closely related than they were twenty years ago.

D. Surveys of Science Teachers
'.f.; ,

"

Dunbar13 in a survey of science subjects taught by high
I

sChool chemistry teachers ,of South Dakota, published in 1934,

found that chemistry teachers of South Dakota teach a large

number of sUbjects. He found only five teachers of South

Dakota, who taught chemistry only.

Fteed14 in a survey of the preparation of scienc.e teachers

in New Jersey found that they were not well prepared in sUbjects

that they we~e teaching; that they had not had enough work in

the teaching of their subjects; that very few general science

teaehers'hadadequate preparation to teach this sUbject. General
,

sciericewas found to rank first in the number and the size of

. cIa sses; biology, second, and chemi stry, third•

.Zeismer15in a questionnaire study which attempted to

ascertain theacadalllic.and profes.sional training of science

teachers in:, Wisconsin, found ,that science teachers, generally,

we:r:e"not well prepar,l:l4,~nd tbs, t ,thEly did not pursue professional

cotlr'ses to any great, extent beyond the 'requirement •

. E. Science Classrooms

"One of the most serious object~ons to the teaching of

,~~~alPhE•. ~unbar, Study number 21.

"l~ufus D.:Reed,$tudympnber 71.

15Gustave Zeismer, Study number 93.
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~,~,~i~,~hoq~sc.~,e.n.ce :i,.s the matter of cost. This is especially

t;,:u,e of, ,p~emi~try which, no dOUbt, is the most expensive

saiencet,au~t ~n tb,e high schoolfrofIl the standpoint of the

cos.~ ,.of equipmen.t an.4 sUPPfies. This extra cost for scienc~

i~;especially burdensome to tb.e small high school. Probably

this, is one reason the special sciences are not offered to

any greater extent than they are in the small high school.

Dr. Paul C. Packer16 in "Housing of High School Program"

shows.that eVen in. a typical large high school bUilding the

classrooms are used only 84 per c~nt of the available time.

Hs;states definitely that in schools haVing less than five

hundred enrollment most of the specialized rooms such as,-,. - .., ..

laboratories of interchangeability of use. l ?

~ensen and Glenn.18 in order to over come same of the

objections that have been made relative to the expense of

science classrooms have suggested the use of a combined class­

room and laboratory. These ~wo investigators made a survey

relative to the opinions of science teachers in South Dakota

conce~ning the combinatipn classroom.and laboratory. Some

of the conclusions made from this survey we~e: (1) the

combined classroom and laboratory overcomes one of the most

l6p • C. Packer, "Housing of High School Program",
Contribution to Education No. 159, Teachers College,
Columbia University, p. 12.

17Ibid., p. 38.

l8~. H. ~ensen and R. E. Glenn; StUdy number 42.

',.
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stubbOrn.' object,ions to the introduction of chemistry in the

small high sch,ool in which there, may be only one class of

ten totw'entypupils, (2) most teachers think a separate

laboratory is necessary; this is impossible because, first"

the floor space is limited; and second, if installed the

laboratory room would be idle ninety per cent of the time.

F. Summary

The survey studies of chemical education that are found

in magazine li~erature 1925-1935 revealed some significant

fac~s.

The studies concerned entirely or in part" with the status

of chemistry and other science teachers revealed:

1. That, as a Whole, chemistry and other science

teachers are not well pjgepared'to teach the

subjects that they are teaching.

2. That, as a whole, chemistry teachers and

science teachers have not had much professic::mal,

work'in the teaching of their subject.

3. That, as a Whole, chemistry and other science

teachers have not had much work in education.

4. That, as a Whole, chemistry and science teachers

teach other subjects than science.

5. That, as a Whole, the teaching load of science

teachers is too heavy.



Most of the studies that were concerned with the enroll-

mant inehemis.try' and otherscienc~s revealed that the en-

rollment 1n special sciences is low, ~hat general science

',.

and colleges are probably better than in most

high schools of the country, but there is im-

-OJ provement which is needed even in these schools.

science.
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3. That the teaching and laboratory methods in

many schools are not the best.

4. That chemistry and science equipment in many

schools are poor.

because the expense is prohibitive.

2. That in many schools chemistry is not offered

1. That in many schools, even those of the North

Central Association, the only sciences offered

are chemistry, biology, physics, and general

:-~i

','.' .,

5. That the science conditions in the high schools'

'of the North Central Association of High Schools

is gaining in popularity so far as the number of students

who elect this subject are concerned.

The research studies also show:
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demonstration, four; enriched teach~ng, seven; subje'ct matter
~ \., .' ' , . .

(2),1a.boratory methods (3), t;lubject matter of chemistry (4),
, ," i

::t:esearch! s'tudies

,
1 i

~ccotding to t;tle nwnber! of subtyPes
i

cla~sroom methods (l),enriched teaching

Table XX shows the sp'ecltic an~ general
,., I '

,
foupdin magazine,literature 1925-1935, and ,the types of

- 'r' I

V.' C€>NTRIBUTIONS OF RESEARCH,. J;N HAGAZINE LITERATURE
1925-1935, TO THE TEACSING OF CHEMISTRY

and (6) supj ~ct .matter of chemistry. There were thirty-three
, . . . - " .~

,. '.' '. :') . I •

included in the classification shown; in Tabl'e XX.'

this' chapt'er. These six type~ are:; (1) classroom (2) labora­

tory methods (3) lecture ~ersus lab;oratory w,ork (4) 'individual

laboratory versus lecture' demonstra~ion (5) :enrichec1 teaching

studies, which they r'epras'ent.Thetable shoWs there are

six gene~al.types,and thekr sUbtype~ which are considered in. . . " ;

, 1

A. The Types of Studies That Treat With the
Teaching of Chemistry

,.

studies

of chemistry,five~

The,typ~s ra.~ed

devoted to each are:

These:' stup.ies were distributed, among the typ1es as follows:

c~as~r.ooIIl;methods, n~ne; llaboratory: methods, six; lecture

vers~s,:;1.abqratory'work, two; indivi:dtlal.,laboratory Versus lecture
'.~ ;.: - ~, ... '.,t· . • ' "

indl:V~dU~~ :,labo:r:~tory vers,?-s .lecture demonstration (5), lecture

versus laboratory work (6;).



fEE ~PEOIF!C.' ,ANDGENER.t1,L RESEARCH STUDIES IN THE TEAOHINq.
'OF"CHEMISTRY FOUND INJ.EAGAZINE LITERATURE '

1925-1935, AND THE TYPES OF STUDIES
WHIOH ,r:rHEY REPRESE1-1T

~' ,; :
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2

3,

4 .. " 4.1

4 4.1
2 '2

1 1

2

3

(28)

(88 )(11)
(87) (73)

(8)'

TABLE ,XX

(48) (79 )
"

3 3
(4 )
(16) 1 '1

(22) 1 1
(10 )t76) 3 3

(41 ) 1 1

(12) (57) (13) 4 4.1
(9 ) 1

2 2"
,

(3) (54') 2 2

(46 )

(18 )'(45)'
(14 )

Specific General Number Per Oent
~tudiesStudies

~ .

".:' ;-
• ,:,.'\; ..... 1 .'","

Types of Studies

A: 01a~sroom M~thod~ I,

1. Methods of Pre­
senting'Sub'ject'
Matter

,:;"2. Study Methods
3. ,Term Paper
. 'Practices

4. ,~ectioning
i ': :5.0riticism of

Teaching Methods
,-' .. '. .:,. .

F.,Subject ·Matter of'
Chemistry

~" ,•. 1.::Cdritents 'of
Oourses

. 2. Reor.ganization

B. Laboratory Methods
"'1. 'Laboratory
2. Notebooks

O. Lecture versus
LabciratorYWClrk

. D~'Ihdividtial Laboratory
versus Lecture Demon-

:"'/, stratioh' (1) (43) (55 )(70)

Er~ '~i;che'd:" Teaching;' ",
1.iJJsua,l Education . (26) (38 )
2. ,Science': Clubs ' ..
3. ActiVities of

'If;~;');:SG~&l1CEf':Sttidents;'
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, ,

I,',. '-t- "", .;' -:,::.-

,
~~~y ~igh sc~ool ch~mi~t*y students find chemistry a

, ~~, '.'

;,I~' ,." '. B~' Olassroom Metho'dsin"Chemis'try

;,! 1 t,., 1~: 'Methods,':()f Presenting: Subject Matter'

ranked second and the combination group last.
fA.

~

combinations of methods that work best for him. What has
i-,~~ ':: ,1'> ..: ....' >~

exper;i,e,nces 0; a large'numberof.ac101escent boys and girls.
,'4:?' " ie" /:, • ,,' ,.: ;:.' I ." . "

Th~re:fore, 'the chemistry teacher must forever be on guard
tj,'.,: ,._,.< __:,;:.,,' \.' ' '. ",' -, _', :,', '. ' '. .

to find the best methods for presenting this abstract
r·>'C',',:· :,: ~- " , '. .' ,I.:" '[ '." . '.', J ' ,

sUbject. Of course the teacher should use the methods or the
.. -', .' . ': ... ,,;,',', ~~.', ", "', . I • " , • • -, \ •

1'"B.·B. Wash, study number 48.

research contributed within the past ten years to the

'methods of classroom teaching chemistry?
"

:Ni\shl...~aae an eXperimental study in order to'det~rmine

wiH.Ch! ot";; tnree method~ washes t in -thetaaching of-high

sioiii8b:t~:5:chemistry; the:pupil':'msthod, thl3 comb:i.nation~method~

o~ 'tlie i:tl§tructor-method. 'Inihe pupil...imethod,the pupils
1.."':"1 t1 p'wtJre" a.llowed to work aEl they pleased. In the combinati'on

method, demonstrations(, ~ecture~,a.!;l.q laporatory work were

used. In the instI.:uctpr method, the ipstructor did the work

and"perfo:.r;-med, theE;;lxperiments. In the final test, the mean
•,::. .~'.'-- " <'.;) ',> '.:.' '.' ", .'-'~ -'. . . .,. ' • ~ . . ':

for the instructor group was the highest. The pupil group

very difficult sUbject. This is v~obably due to th~ fact::tu :-, ~,-,--, l ,':.'" ,I.') ':;>

that ohemietry is an abstract sUbject. Its la~guage and
::~~:,. '.":... ",'),'i.,l·') ,~;. :.::. ':: . ~'~, ;': :, l"':-' ") :'

, methods "of chemistry to ~ great extent, are outside the
> .... ~:. ,J ,~) . .. " " . .' '" " ," :>:", (.. '..I '
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;~, >.
., Z. Terin :Paper Practices

Dunbar, Holgate, and Harkhess5 made a questionnaire study

2.. A. Silverman, Study number 79.
~,,~·t; ,.':' ";' _

3A.'T. BaWden, Study number 4.

.,;,. zJ3.il'V~:r!Jlan2 e.ttempted t,o determine whether intensive
-' '~'...' """, (>; ,. '" .", 'i ',). ,. . . .,. , \:

2. Study ¥ethods

:prosby4 attempted,by means of a questionnaire, to al.3­

ce;i:'t,!).,in,the study habits of 170 high school stUdents in

che,~+1:ltJ:"Y. He conclud~d "that a large percen"tage of, s,tudents

do lfPji! spend enpughtjJn~. in studying, and did not know how to

t;rsinin& wasm0:t:~ effective than npn-intensive training.

Oneg:rou:p. of students, .met every day ~nd covered the work in

one half ,the time usually alloted to the course. The cont~ol

gr()'!J..p ,covered the work in ~he r~gular time. The intensive

training yielded a higher percentage of superior grades.

Bawden3 has tried ~~th success and proved by means of

a c6ntrol group and an experimental group that the conference

plah of teaching chemistry is very effective. In the con-

5R• E. Dunbar, E. H. Holgate, and J. T. Harkness, Study
number 22.

st.J,ldy.•
\ ..,l", ...~, ,,' >.' ",,'

;' . .

ference plan, the student 'chooses his own textbook, problems,

and materials best SUited to his needs and past'training.

Eachid;udent progresses independently of his classmates.

·ofthe· term paper practice in the high schools of the United
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. State~~l:'The 'ntiInber 6fschoolsthat required term papers

wae: a.bout~the same as the nti.rnber.tliat did not require term

pa~ers~' . ,'Most" of,thti topics that were.chosen for term papers

wereVof real 'value. There were many-benefits that science ,

teachers thought were derived from term papers.

4. Sectioning of Students

What to do 'with the very slow students in chemistry is

a perplexingprobleIllto the higi1 school chemistry teacher.

BroWnandCoonsQ found that;by putting the slow students into

separfite3: classes· they were greatly helped. These classes

were small and the teacher could devote more time to individual

stUdents.

, "ex'Another plan of sectioning was that used in the Lakewood

High 'S'cnool, Lakewood, Ohio. 7'The students in chemistry in this
~ .I/o., ,\. : ",'" _.'. _

high"scho'ol were grouped according' to' iiltel,ligence and marks

in :~p£eVious subJ ects into fast, medium, and slow classes. It

was proved in this· investigation that students wi th a high'

index of brightness can achieve the ,traditional' cherD.istry 'course.

Students of low: 'index"of' brightness have difficulty in accomp­

lishing tasks that require more' than one step.

Ga. E. Brown andRe R. Coons, study number 10.

7
R. D. Beed, C. Salter, J. ~luckh?lm, and R. C. Gias!, Stud~

number-·69.'
.,(." lr

~~Ud~ B. Scofield, Study number 76.

'"..
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In an investigation of sectioning in Syracuse University

it wa,.s :eound that high school'grad~s in mathematics served as

a fafrlYf,goodguide in sectioning stu.dents; that high school

chemistry grades and high school mathematics grades servere,a. as

a';better gUide than either aJ. one. Tests given at the beginning

of; the quarter served asa good gUide.

5. Criticisms of Science Teaching

Hurd9 made an analysis o£ literature in order to detemmine

the inadequacies of science teaching. Ninety-two statements

of~-two authorities writing between 1900-1912, and one

hundred and thirty-two statements of fifty-eight authorities

writing between 1913;.1926 constitute the source of this analysis.

¥any·inadequaCiei$were-discovered.

:,' ~he inadequacies were g:li'pupedunder the follovving five

categories Which are positive statements, but which according

to Hurd suggest the inadequacies:

1.- .' W'ell-defined aims and obj ectives.

:.~_i_ 2. Wel1-chosen subject matter suited to the

·needs of'thspupils.

, 3~ Better selection·and training of teachers for

',-

9A~' 'W~; Hlird,S-tlldY- number 41.
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5. Methods of science used'to determine future

changes in the course.

The,investigator found that the greatest stress has been
" ., ,

plaoed on inadequacy number two, well-chosen SUbject matter,

future ohanges in the course.

C. Laboratory Teaching,

The writer has formed the opinion, as a student of

science and later as a teacher of science and from the

v~itings of others on the problem, that many of our formal

laboratory methods possess no great teaching valUes. Research

for the past eleven years, in a large part, bears out this

opinion.

1. Laboratory Methods
.... 10
Carpenter writing in 1926, gave an account of experi-

ments in his classes r~lating to laboratory p~$ctices. ·Car­

pentex found the demonstration method succeeded as well as the

individual laboratory method•. He also found that students

performing experiments in groups of two do not succeed as well

as when they work the experiments individually.

10
W. W. Carpenter, Study number 12.



'.1
..
y

64

In these experiments he used control groups and experi­

ments ., in .groups.

Bowe;-sll writing in the magazine, Education, in 1934,

discussedanergeriment for grouping of students for work in

the chemistry laboratory. Bowers' findings relative to students

working in pairs were different from those of Carpenter.12

He concluded that the average student is neither benefited

nor injured by working in pairs. Althongh, he does conclude that

the weak student is benefited by working with a strong student;

the strong student is not injure~ by being paired with a weak

one. The mechanical genius, according to Bowers, is handicapped

by being paired with a weak or a strong student.

Persing. 13 writing in 1929, gave the result of study of

high school chemist~y students in the Glenville High School.

Uleveland. Ohio, in order to determine their achievement in

laboratory technic. Tests were given to students who had had
, f ,.

one year of high school chemistry. Persing did not make any

definite conciusion although, he stated further research was

needed along this line•. He suggested that the tests be given
","\ .

i~~d.iateiy follo'Vdng the completion of a unit of ...~,lork in

chemistry.

Clem,14 lvriting in 1934, gave the results of a questionnaire

llW. G. Bowers, Study number 9.

12stUdy 12.

l~.M. Persing, study number 57•

140r lie M. Clem. Study number 13
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stu.d.y'inwhichhe attempted to determine current practices and

opinioris~relative to the laboratory phase of high school science

teaching :7.nthe high school of New Yo;rk state. He found: a

close relationship between the laboratory work and'textbooks in

science; the lecture demonstration metl10d is used; well-planned

field trips are conducted. InJgeneral, pupils do not work

individually in the laboratory. The teachers do not make

use of any new type tests.

2. Notebooks

Stubbs15 in 1926 made an experimental study of the relative

value of methods for recording laboratory notes in high school

chemistry. He concluded that many of our long-used methods of

recording laboratory notes are of no real value. The ~ritings

of the procedure or methods followed do not aid appreciably the

memory in retaining the main facts of the experiment. The

many extra hours needed by the students to write separate

detailed notes, and by the instvuctor to correct them are not

justified by the results obtained. The notes, according to

Stubbs" should contain only a brief statement of the object

of the experiment and answers to questions in the manual.

In the years 1928-1929, Graham16 of New Mexico state

Teachers College made a study of notebook methods that are

15
M. F. Stubbs, Study number 84.

l6H• c. Gr~am, Study number 31.
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used in the best high schools i·,Of' the United states. This

study in,cluded four hundred a,ndsev~nty-five high schools.
, .'. ~

The writer made a table (Table:X~) whcih gives the number

of affirmative ·and negative answers to Graham's questionna~e.

It is app~rent that many chemistry teachers are still using

the traditional methods of recording laboratory notes.· stubbs17

in "his erperiment showed that there is no advantage in the writ­

ingof extensive notes, 'but according to Graham's findings,

61.7 per cent of the teachers in the best high schools of the

country used in 1929 this method. Only 38.3 per cent of

the high .schoolsus.ed manuals in which students fill in the

blanks.· According to Graham, one teacher of chemistry had

used the' same notebook method for thirty-five years. Many

of them had used the same notebook methOd for many years.

17M• F. stub'bs, "t 68.2.E.!.., ~ p. •



TABLE XXI

THE AFHIm~TIVE AND NEGATIVE ANS~RS TO GRAlliU5'S
QUESTIONNAIRE IN HIGH;SCHOOL CHEMISTRY

. IN THE UNITED STATES,

21 6~1

79.7 38

67

21. 9

20.3

Not
Given

61.7

23.7

56.7

205

116

Not Not
Given Given

93.2

38.3

60.9

35.5 190

76.3 78

78.1 71

19

".

287

251

119

260 '.

181

127

149

Number of
Affirmative

Answers

Do your use notebooks
in which students fill
in the blanks?

Question

Do you~require

students to keep a
notebook record of their
laboratory work?

Do your require
loose-leaf notebooks?

Do you require that
the laboratory manual
serve as a notebook?

Are notebooks written
in final form outside
of the laboratory?

Are students required
to ,la.ave ;nO,tebooks in
laboratory between the
laboratory periods?

Do you,require drawings
in the notebooks?

Do you give a grade
for the note~ooks!



D. Lecture Versus Laboratory Work

what are the best ways o£ connecting laboratory work
. ,

with classroom work? There are two investingations which

have attempted to answer this question.

Bagby18 attempted to determine the relative ef£iciency

of three methods o£ correlating classroom and laboratory

work. The three methods which she used were: (1) the

experiment preceded the class work; (2) a one-day preview

was made be£ore the experiment; (3) all class work was

completed be£ore the experiment. She concluded that a

change in the relative time o£ class and ~xperiment has

little e£fect on the average pupil.

However, Parr and Spencer19 found in an investigation

that for the total popUlation the recitation-£irst method

was somewhat superior. Both methods seem to work well for
. .

bright pupils, but for the duller stUdents the recitation-

£irst"method gives better results.

E. Individual Laboratory Work Versus Lecture
. . . Demonstration

The writer does not know of any question, within recent

years, that has caused as much controversy among science

teachers and particularly chemistry teachers, as the question

18G. Bagby, StUdy number 3•

. 19Rosal1e M.' Parr and Mable A. Spencer, Study number 54.

68
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relative to the effectiveness of individual laboratory method

vel'SUS the. lecture-demonstration. ?n1at are the conclusions

of researc~ers attempting to solve thi~ important problem?

Anibal,20 in 1926, conducted an experiment to determine

the relative effectiveness of the lecture-demonstration

method versus the individual laboratory method in the teaching

of high school chemistry. There was a control group and an

experimenta.l group. The conclusions reaahed were: the immediate

retention is as fully as adequate when the material is presented

by the' lecture-demonstration method as when the class is taught

by the regualrindividual laboratory procedure.
. 21
Knox' in writing in the School Review for 1927, gave the

results of an experiment conducted With high school chemistry

classes. His findings were similar to those of Anibal. How­

ever, he found that the lecture-demonstration, in many ways,

was superior to· the individual laboratory method. Accord.ing

to Knox, the demonstration method is equal to the laboratory

method for imparting to a group of pupils a scientific attitude

and training in method of 'attack on new problems.

Two investigators made compilations of the finding of other

investigators relative to the lecture-demonstration method versus

the laboratory method.

2°F. G. Anibal, Study number 1.

2lw. W. Knox, Study number 45.



Beed22 concluded after reviewing many studies relative

to the two methods that the best procedures are: (I) to

demonstrat,e.in highschool chemistry: those experiments which

explain important chemical phenomena and laws; (2) to allow

students to perform experiments which give practice in

handling apparatus.

One of the best summaries, according to the writer:~s

opinion, treating with the lecture-demostration versus the

individual laboratory memhod is found in the doctorate

thesis of Payne.

Table XXII is a summary which Payne gives of typical

studies comparing the lecture-demonstration and individual

laboratorjr. The table shows that four of the investigators

favor the lecture-demonstration method and two do not.23

2~R"• D. ~eed, Study number 70.

23V• F. Payne, Study number 55.
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TABLE XXII
,

S~J!ARY OF TYIJICAL S'J:lUDIES CO¥J?ARING THE LECTURE
DEMONSTRATION AlID IJIDIVIDUAL'LABOR4TORY METHODS

IN HIGH SCHOOL CHEMISTRY. ."

Open to criticism
on account of the
sterile demonstrati'on
method used.

A very valuable
study conservative
in conclusions.

Comments

Differences are
small. Study
has a doubtful
value.

Conclusions

Considered unfavor~

able to lecture
demonstration.

.~:

Favorable to the demon­
stration method.

Favorable to the demon­
stration method. The
advantage continues
after the compared groups
are united in individual
laboratory work.

Favorable to the "in~

,structor" - (laboratory)
method.

St,udies

Wiley (10): Three
unequaled groups,
each of eight-high
school chemistry
students.

Anibal (13): Demonstration method
Thirty pairs of is as effective as the
high school, chem-." individu~l laboratory,
istry students takes two-thirds as
for one year and - 1II-uch time, and costs
seventeen pairs for about one-fifteenth as
a secopdyear. much as the laboratory.

Knox ,(16 ) : High
school chemistry.

Carpente~ (11): Favorable to lecture
Thirty-four high demonstration although
school. chemistry, the results were not
classe"s from schoolsstatistically significant.
in fourteen states.

Nash"ahd 'Phillips
(14): ' 5,econd,
Semester 'high
school chemistry.

:Pugh ,(15): ,High
school 'chemistry.

Horton (12): High Statistically significant
school-chemistry. results favorable to in­
ManipUlative skill. dividual laboratory.

f~
,., I
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F. Enriched Teaching

'One o~the criticisms often mllde' of science teaching

is that the students find it uninteresting. 24 What are

the means by Which teachers can make a science more interest~

ing ~nd appealing to youths? \Vhat are the devices, methods,

1 and means, by which teachers can "enrich" their teaching?

A few researches were found in periodicals from 1925-1935

that attempted to answer, in part, this important question.

1. Visual Education

J. O. Frank25made an analysis of stUdents' interests in

various types of slides. Many of the slides were found to

possess no teaching value, but were of value because of the

interest they provoke. These slides were rated highly many

times by the stUdents.

Walters26 reported the same findings as Frank. By means

of a questionnaire he found that the most interesting pictures

are not the ones from which the students learn the most. Like
\'

Frank,~' ' he concluded that ~any times high instruction value was

sacrificiei for high entertainment value. Pictures were found

to.be more Vivid than Visits to plants. The stUdents preferred

the pictures to laboratory work.

An interesting series of investigations are described by

2iA Program for Teaching of Science, ~,cit. p.

25J. O.'''1rank, study number 26.

26~. 'Waiters~ stUdy number 88.
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~O~27 as' to the relative value of motion picture or slides.

These in;r;estigations were carried on in the Ridgewood High
'. -'.

School, Ridgewood, New Jersey.

In the first investigation sixteen matched pairs of

students were used. ,Each group of students was assembled
j~

separately. ~o one grou)? was shown film slides. The'in-

structor discussed the films as they were shovvn and allowed

the students to aak quest~ons. Tests were given at the com­

pletion of the showing of the film. To the second group a

motion picture of the same topic 'was shovm, no questions

were asked. Tests were given at the completion of the

picture. '~,The investigator concluded from the results of the

tests that the strip film is the movies' superior as a

ieafning aid. SimirlBr results were obtained when forty
I-

matched pairs were used instead of sixteen.
'I

2. SQience Clubs
'I' .....

~here ~as been much written on high school science clUbs,.,
withinrecerityears. The investigator found two research. .' ',' ~,," ... ,' -

worke:r~v:treating,wi'th sCienc~ clUbs.

Walker
28

found from a questionnaire stUdy of on~ hundred

twelve high schools that all favored science clUbs, if they

were properly conducted and supervised. All agree that there

is a place for a good science club because the teachers are

',2.,'l,.H. E B St d b 11.•. ,,~: rpwn, u y num er •
. '. "',

28!'.'i,.H.Walker, StUdy number 87.
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·pressed for time to do the amount of regular class and labor­

atory-work in the usual course in chemistry.

Rober~s29 used another method in order to ascertain the

values and functions of science clubs. He made an analysis "

of thirty-five separate periodical articles written on science

clubs from 1914-1931. The author listed in order of the

number of times mentioned by the writer of the article the

items that they deemed worthy of mention. Some of these items

in order of importance are: types of clubs, objectives,

membership, officers, time of meeting.

3. Activities of Science Students

An analysis was made of the activities that.students of

science prefer in the Cass Technical High School, Detroit,

Michigan. 30 The activities found that students prefer listed

in order of their rank are: (1) writing reports from books in

the library; (2) collecting and mounting pictures; (3) col­

lecting material for booklet; (4)' tracing outlines; (5) mak­

ing·;c::ollections;· (6) making posters; .(7) floor talk; (8)

drawpfctures from texts; (9) collect newspaper articles; (10)

make .maps.

G. Subject Matter of Chemistry

What to teach in chemistry is just as important as how

to teach. Much of the supject matter of chemistry is soon

29Ethel L. Roberts, study number 73.

30 .
Elizabeth G. Sichler, Study number 78.
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1. Content of Courses

Malan31 in 1932 made a questionnaire study of fundamentals

of chemistry taught in one hundred one high schools of the

United States. His principal conclusion was: the more fundamental

aspects of chemistry are taught in most schools while the more

abstract aspects of chemistry are taught in fewer schools •

. Garner32 attacked the problem in another way. She made an

analysi~ of examination question in chemistry given by various

states and cities in the Middle West and East. The questions

asked on these tests in order of the number asked are as follows:

memory tests, use of symbols, formulas, laboratory, and com­

mercial chemistry problems, and miscellaneous.

31L• E. Malan, StUdy number 46.

32mdith Garner, Study number 28.

~. ,\
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2. Reorganization of SUbject Matter

Stevens33 concluded as a result of 'the analysis of the

literature in the'field and a questionnaire sent to various
I:

high.schopls that the new course in high school chemistry is, .
not completely college preparatory, but partly sO,.and adapted

I

to the practical interests of all students.

Collier34 has tried with success a new type of chemistry

course. First, the fundamentals of chemistry are taught.

Th~n, consideration is given to those p~oblems which are a

parto:!: the students' daily lives. Some problems considered

were; chemistr~ of food, clothin~, shelter, and health.

Collier proved by tests that the achievement is equally as

33Clarence P. Stevens, Study number 82.

34Robert Collier Jr., StUdy number 74.

35W. H. Lancelot, Study number 45.
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H. Summary

are still using the formal method of recording laboratory notes;.

(11) two reasearch workers disagreed as to whether lecture should



I
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'precede laborator~ or vice versa; (12) the majority of the

investigators found the lecture demonstration method was

preferable to the individual laborator~ method; (13) two

investigators found that one of the chief values of visual

education is the interest it aroused; (14) that science clubs

are valuable if properly conducted; (15) that students like

to do 'Work which is not ofa classroom nature; (16) that the

more fundamental aspects of chen;.istry are being taught in

school; (17) that the reorganization of SUbject matter of

chemistry is desirable and beneficial.



VI. THE CONTRIBUTIONS OF RESEARCH, IN MAGAZHTE
LITERATURE 1925-1935, TO TESTING AND

MEASURING IN CHEMISTRY

Testing and measuring as a science in education is rather

young. Within recent years, though, the seientific testing

and measuring movement has progressed rapidly. The tests and

measurements are increasingly valuable tools for those inter-

ested in the pedagogical. aspects of science. It was shown in

Chapter V that the science teacher should know what to teach

and how to teach. He should know h0\7 effective his teaching

is in every stage of the teaching process. He must be able to

measure quickly and accurately what his class is learning. He

must be able to diagnose pupils' difficulties in all stages of

the learning process.

4. Types of Tests and Measurements

Frankl gives the following function of testing in science.

1. The teacher'must use tests to measure accomplish-

ment, as a basis for promotion and determination

of standard obtained.

2. The teacher must use tests to find out what his

-teaching has accomplished, so that he may deter­

'mine what to reteach and when to go on.

1 -J. O. Frank, ££., cit., p. 148.
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3. The teacher should use tests to determine daily

progress and as a mean~, o£ en£orcing daily pre~

paration on the part o£ 4is students.

4. Teachers may use tests at the beginning of the,

school year in an attempt to gauge the ability

,and preparation o£ their students.

5. Tests are used in various types o£ research,
,

such as studies which attempt to compare the

value of two types of instruction.

On the basis of the way science tests may be used as given

by Frank, the studies found in periodicals that related to

testing,and measuring in science were classified as: (1)

diagnostic tests, (2) teaching tests, (3) achievement tests,

(4') comparison tests.

Table XXIII shows the research studies in tests and measure-

ment and the types of studies which they represent. The table

shows that the most intensive ~esearches in tests and measure-

mentshave dealt With diagnostic testing. There were six

tests of this nature or 37.5 per cent of the total. The studies
i

that treated with comparison ranked second. There were five

tests of this type or 31.,2 per cent of the studies. There were

two studies each devoted to teaching tests and achievement;.::tests,

and one study that treated with the re1iabi1tl- of examination

marks. There were no general studies.
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TABLE XXIII
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100

1(36)

(83) (39) (75)
(5 ) (47) (6) 6 37.5

(67) (64 )(59 )
(33) (32) 5 31.2

(80 ) (18 ) 2 12.5

(72) (61) 2 12.5

.--------t- .----------!---.----t------.-
16

THE RESEAF:OH STUDIES IN TESTS AND MEASURE1ffiNTS
IN 1~GAZI~~ LITERATURE 1925-1935 AND

THE TYPES OJ!' STUD IES WnIOR THEY
REl?RESENT

Total

Comparison Tests

====--:=:':..:...-=----=-----.r-Th-=e~-S;;;::-t~U:;-d;:;·~i==e-=s-=;-T~h==a:;:t ---- --.::"=:'====

Represent This Number Per Cent
------------+---T¥.!2.! ---I-. -t- _

Diagnostic Tests

Teaching Tests

Achievement Tests.

Reliability of
EX~ination Marks
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B. Comparis on Tests'

It is believed,oby many that the best students major in! - .-. < - •

scie.noe, alld that they are usually more intelligent than the
"

non~soience students. It is also believed by many that boys,

do better work than girls in science. A few research studies

were found in magazine literature 1925-1935 that attempted to

answer these questions.

Powe~s2 and Hanske3 attempted to determine the correlation

between achievement and tests scores of students and their

intelligsnce. Both made practical:j.y the same conclusion, namely,

that theintellignece of students does not determine whether

they will be successful in chemistry. Powers arrived at his

conclusion, by finding the I. Q. 's of beginning students in

chemistry and making a comparison of the I. Q. 's with the actual

achievement of students as measured by Power's general chemistry

test...l!ost of the data for his problem was obtaineq. from

a cooperat.ive study conducted bychem;istry teacher of the North
,

Eastern Ohio Chemistry Teachers Association.

:a:~ske .measured the intelligenC?e of a large group of students

by the Terman Intelligence Test and compared the I. ~. 's of the

students with the score which they made on the PO'ltvers Chemistry

Test, Rich Test, the instructor marks, the Regents, and a

composite of all.

2' ,
S. R.powers,Study Number 67.

, ,
3' .,

C. F. Hanske, Study Number 33.
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Phelan4 found in a study of the comparison of the students
' , .

who ha~ha9- high school chemistry an~ ,were enrolled in college

chemistry c,lasses that students who hav!3 had high school chem­

istry were no more intelligent than those who have not had

chemistry.

Hanske5 made a study of the relative performance of boys

and girls in high school chemistry. He had two groups, one

group of boys, and another group of girls. These two groups

were paired as equally as possible. There was little difference

in the intelligence of either group. The medium score made by

the boys at the end of the semester VIas higher than that made by

girls. Hanslee believed that this difference was due to the fact

that the boys had a better science preparation than the giris.

In a comparison of accomplishment in chemistry of stUdents

in English and American Secondary Schools, Powers 6 showed that

achievement by stUdents in English schools was inferior to the

achievement by stUdents in American schools. HO\vever, this

cannot be accepted as definite and proved conclusion becaus~ the

period of training of the two groups was not constant.

o. Diagnost~c Tests

What are pupils' difficulties in chemistry? What kind of

errors do high school chemistry stUdents most frequently mftke?

4E• w. Phelan, Study number 59.

50. ·F. Eanske, Study number 32.

6S• R. Powers, Study number 64.
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Of the six studies that represented diagnostic testing, three

have. attezn:pted to answer the firs~ qu.estion, one the last

question,and ()ne attempted to answer 1;he question as to whether

student performance in chemistry could be predicted.

Table XXIV is a summary showing the pruposes, methods, and

conclusions of studies that treat with diagnostic testing.

StUdies 83 and 47 attempt,to determine stUdents' difficulties

in chemistry. The consIus ions show that the abstract phases

of chemistry instruction are most difficult such as, problems,

equation writing, valence, dissociation, and the atomic theory.

Attacking the problem from another angle, that is, of the

errors which pupils make in chemistry on tests, StUdy 5 shows

that pupils make .more errors on tests of an abstract nature such
,

as, writing formulae, balancing equations, and gas volume pro-

blems.

In StUdy 39 an attempt was made to discover whether pupils

made greater progress when diagnosti9 tests were used in order

to discover students' difficulties and when an attempt was made

to corre~t these discovered difficulti~s at every single stage

in the teaching process than when no such methods were used. The

results point to one conclusion, that is: students make greater

I)rogress when diagnostic teaching is used.

In Study 48 an attempt was made to predict performance of

stUdents in general chemistry. The general conclusion reached

was: it is possible, in part, to predict the performance of

stUdents in general chemistry.
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TABLE XXIV

A SUMMARY SHOWING THE PURPOSES, METHODS, AND CONCLUSIONS OF
STUDIES THAT TREAT WITH DIAGNOSTIC TESTING ·IN CHEMISTRY

" IN MAGAZI1TE LITERATURE 1925-1935

An analysis of The difficulties
examination were: valence,
papers was made problems, writ­
and difficult- ing formUlae,
ies ranked writing equations.

Most frequent
errors were:
writing formulae,
balancing equa­
tions, gas vol­
ume problems.

==
Conolusion

'The eX"perimental
group made
better progress
than the con­
trol group.

Tests were
given two
divisions of
123 students
and errors
,tabulated.

Method

There were __ ,
four groups
who were equal
in all res­
pects. Two
groups were
control. Two
were experi­
mental groups.
Diagnostic

. tests were
givento.the
eX"perimental
group in order
to discover
and correct
difficultiesl

To find errors
made by high
school students
in chemistry

Purpose

To determine
high school
stUdents dif­
ficulties in
chemistry.

To determine
whether stud­
ents make
greater progress
when diagnostic
teaching is
used.

The Study

J. C.
Bennett (5)

Franois
Howe(39)

J. C.
Malin (47)
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H. R.
Steward (83 ) Difficult

topics in order
of diffioulty
were: problems,
equation form­
Ulae, word
equation, val­
ence, dissocia-.
tion, atomic
theory, and
fourmulae with·
valence.

It·is possible
to a large ex­
tent, to pre­
dict perform­
ance in chem­
istry.

Tests were ..
given to high
school stud­
ents who had
the same
amount of
chemistry.

Test were
given to be­
ginning stud­
ents in order
to determine
whether they
possess cer-

.tain knovvledges
and skills
which would
make for suc­
cess or failure
in chemistry.
At the end of
the year the
validity of the
tests was deter~

mined.

TABLE XXIV (Continued)

To find the
diffioulties
of pupils in
general chem­
istry

To predict
performance
in general
ohemistry

Nash

Phillips

H. B.
and
N. W.
(48 )
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,D. Tea~hing Te$ts

Accordting to 'Frank? teaching tests are those that aid in

the,' teaching process; they are Used to ·enforce daily preparation.

The,··short answer test, the true-false test, or the ten minute'

written quiz can well be used for this purpose.

Spn~gin8 concluded as a result of an investigation that the

short answer test is better sui ted for this l)Urpose than the

true-false test. He found in an analysis of the results when

both,types of tests were given to a group of students, that out

of 151 cases Where the pupils did not attempt to answer on the

short answer test, one hundred were guessed right on the true-

false test.

CUrtis9 .found that a modified form of the multiple-response

test in many, ways was better than the conventional test. The

modified test is described by Curtis as one in Which there is

a blank sp~ce left at the end of each question for the insertion

of thecdrrect answer if it is not given in the first five
,'.;,"tJ

choices.: 'Curtis listed the advantages of such a test as follows:

it takes no more time to correct; it requires no more time to

construct; it is valid; it eliminates guessing ; it differentiates

between the good and poor students; it has diagnostic power.

7J • 0. Frank, ~., cit., p. 149

8William Spurgin,' Study 'number 80,.

9F~BJl'Ci'S'D. Curtis and Gerald G. Wo'ods, StUdy number 18.
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E. Achievement Tests

There,were two investigatorswhQ ,showed that the actual

achievement of the students' as measured by the tests is low.

PowerslO reported that students who have had a year' or mOre J

of high school chemistry show, on the sUbject in college, a

comparatively small progress in total attainment in chemistry

as shOVin by the Rich tests.

Richllmade the same conclusion. His tests extended over

a period of three years. They were given to students who had

completed a year's study of high school chemistry. He stated

that it appears that there are many schools in which the students

do not obtain any mastery of the subject. What is obtained is

qUickly torgottenwhen the student leaves school.

F. Reliability of Examination Marks

Are the examination marks which instructors give in chemistry

reliable? Horman and HOdgel2 in order to solve this problem sent

the median paper in a general chemistry class to one hundred

chemistry i~str.uctors. S~xty-four graded lists 'livere returned.

A wide variation was found in the evaluation of each question

and in the total score.

10 '
s. R. Powers, Study number 61.

11 "Stephen E. Rich, Study number 72'.

l2T• B. Horman and Harold C. Hodge, Study number 36.
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G. Summary

The l~rgest number of researoh studies in the field of

testing a~d measuring in chemistry has, treated with diagnostic

tests. Comparison tests ranked second; teaching tests and

achievement tes~s ranked third; and reliability of examination

marks ranked fourth.

In the comparative tests the research workers found that:

(1) the intelligence of students cannot be used to predict

their success in chemistry; (2) that chemistry students are no

more intelligent than others; (3) .that boys achieve more in

chemistry than girls; (4) that the American chemistry students

achieve more than the English chemistry students.

In the diagnostic tests the reasearch workers showed: (1)

that it is of value to diagnose students' difficulties; (2) that

abstract sUbject matter is the type most difficult for high

school students.

The research workers also showed in their investigation:

(1) that "the short answer question was more reliable than the

true-fa.lse tests; (2) that a modified form of the multiple­

response test was in many ways better than the traditional

mUltiple-response test; (3) that high school chemistry students

achieve very little as measured by achievement test; (4) that

teachers examination marks are not reliable.



VII. THE ,CONTRIBUTION OF RESEAHCH, IN liTAGAZI1TE LITERATURE
1925-1935, TO THE RELATIOW$H1J? OF HIGH SCHOOL AND

COLLEGE CHEMISTRY

That the relationship of high school and college chemistry

is considered important is evident by the fact that thirteen

studies have appeared in magazine literature from 1925-1935

that treat this sUbject. In Chapter III of this study it

'lil"assho\vn that· thirteen theses were written in colleges and

universities on this one topic in a five-year period 1928-

1933.

A. Types of StUdies

Table XXV Shows that the most numerous and intensive

research workers in this field have dealt with the influence

of high school chemistry grades on grades in college, With

eight stUdies of this type or 61.5 per cent of the total.

There we~e three stUdies that were classified as general

relationship of high school and college chemistry. These

represented twenty-three per cent of all studies. There

were two or 15.5 per cent of the stUdies that were concerned

with the election of chemistry b~ stUdents vnlo have stUdied

high school chemistry. There was a total of thirteen studies

all of which were specific.

lSee Table IV, page 20.
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TABLE XXV

THE STUDIES, IN ~~GAZINE LITE.RATURE 1925-1935, THAT
TREAT WITH TIm RELATIONSHIP OF HIGH

SCHOOL AND COLLEGE C~JISTRY

The StUdies That
Types of StUdies Represent this Total Per

Type Cent

Influence of high school (37 ) (15 ) (81 )chemistry 6ngrades in (29) (35 ) (27) 8 61. 5college (90) (24 )

General relationship of
highschool and college (65) (91 ) (44) 3 23chemistry

Whether.-students who
study high school

(53),(19) 2 15.3chemistry, elect
chemistry in college

91
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B. The Influence of High Sohool Chemistry on Grades
And Achievement in qollege Chemistry

There ~re college chemistry teachers who prefer that be­

ginning chemistry students have no high school chemistry. T~ey

feel as if the study of chemistry in high school does not aid

the student appreciably in college chemistry. There are some

college chemistry teachers who feel that a study of high school

chemist~y.is even a handicap to the beginning college chemistry

study.

Table XXVI shows a summary of eight reseach studies found

in magazine literature 1925-1935 that have attempted to find out

what is the influence of a stUdy of high school chemistry on the

grades and achievements of students who continue chemistry in

college.

There were five stUdies that definitely found that s stUdy

of high sqhool chemistry was an advantage to t.he stUdent who

studies chemistry in college. The stUdies are: J. Cornog and

G. D. Staddard (15), I. C. Ga'rnad and T.B. Gates (27), L. E.

Steinel' (81), George:. A~ Herrmann (35), and PaUl Maurice Clasoe

(29). M. S. Hines, Study 37, found a slight superiority for the

stUdent who had had high school chemistry. W. A. Everheart and

W. C. Ebaugh (24) and GUy A.West (90' found that the stUdents

who had had no high s.choolchemistry were not handicapped when

they stUdied chemistry in college.
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TABLE XXVI

A ,sW.IMARY OF THE PURPOSES. METHODS~ AND CONCLUSIONS
OF RESEARCH STUDIES IN ilAGAZI1~ LITERATURE
1925-1935. THAT TREAT WITH THE I~~LUENCE

OF A STUDY OF HIGH SCHOOL CHEMISTRY
ON GRADES AND ACHIE~\ffiNT IN

COLLEGE CHEMISTRY

To determine the' Tests were
knOWledge of chem-given to all
istry of students freshmen.
who have had and The grades on
those who have a chemistry
not had high test of those
school Chemistry who had had

and those who
had not had
high school
chemistry. were
compared.

Conclusion

StUdents who
had had high
school chem­
istry made

'the superior
grades:

Method

The grades of The results
two groups of indicated a
stUdents were slight super­
compared; those iority in
who had had performance
and those who for the
had not had any stUdent en-
high school tering col-
chemistry. lege with a

unit of high
school chem­
istry.

The calculat- StUdents who
ions from this had had high
study were school chem-
made from istry made
the registrar's higher grades.
office of the
university.

.Purpose

To determine the
value of the
high school chem­
istry course to
those who cont- .
inue the subject
in college.

To determine the
influenc·e of a
previous study
of high school
chemistry on
the students'
record in college

The Study

M. S.
Hines (37)

I. C. Garnad
and
T. B. Gates
(27)

J. Cornog
and
G. D.
Staddard(15)
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~o determine Grades of
the influence of stUdents who
high school have had high
chemistry on school chem-
grades in college istry and

, chemistry. those who had
not had were
compared.

StUdents who
have had high
school chem­
istry stand ~

a better chance
of making good
grades than
those without
such prepara­
tion

Having had
preparatory
chemistry is
no means a
guarantee of
success in
college chem­
istry. A be­
ginning stud­
ent may pass
who has not
had high school
chemistry.

The number of
unites of high
school science
is of less im­
portance for
success in chem­
istry than are
some other
factors.
The stUdy of
highschool
chemistry
course is at
least advan­
tageous to
the majority
of stUdents
who stUdy chem­
istry in
college.

Grades of
equal groups
of students
were compar­
ed. Those who
have not and
those who have
had high
school chem­
istry

Grades for
two groups of
students were
compared.

The grades
of stUdents
who had had
chemistry
were,com­
pared with
those who
had not had
chemistry.

To determine the
contribution of
high school
qhemistry to­
ward success in
college chem­
istry .

To determine
which group
make the better
grades: those.
who have had
high school
chemistry or
those who have
not had high
school chem­
istry.

To determine
whethe r high"
school chem­
istry influ­
ences the
stUdent's
grades made
in college.

L. E.
Steiner(8'l)

w. A. Everheart
and
W. C. Ebaugh(24)

G. A. West(90)

George A.
Herrmann(35)
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TABLE XXVI (Continued)

The results
point to. one
fact: students
who have had
high school
chemistry
achieve more
than those'
who have not.

Tests given
to section
numbering
80 each.
~'welve tests
were given.

!L'o evaluate the
influence of high
school chemistry
on the grades of
first year col­
lege chemistry.

P. :M.
Glasoe(29)

i
i

,I
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:Q. Some General Relationships. of College and
High School Chemistry, .

There was found. a group of three interesting studies from
,

the standpoint of the findings that treat with the general

relationships of high school and college chemistry.

Koos l attempted to determine the overlapping in high school

and college by an analysis of the content of the courses.

According to Koos research workers have been more active in

determining overlapping in high sohool and college chemistry

than in any other field. It was found that there was oon­

sid.erable overlapping in the first year college chemistry and

highschool chemistry.

Powers2 found that the high school students entering college

chemistry classes had forgotten much of their high sohool

chemistry. He concluded that the specific information about

subjeot matter in high school chemistry is rapidly forgotten.

D. ~he Election of Chemistry in College by StUdents
Who Have StUdied Chemistry in High Sohool

Whether college stude~ts who have studied. high school

chemistry electoollege ohemistry is anintere8ting question,

that two investigators ha~answered..

Both Ott03 and Dunbar4 found that stUdents who have stUdied

----------- ~~~,,.:;:'.'lL. B. Koos, StUdy number 44.

28. R. Powets, StUdy number 65.

3C~iff R. otto and Mabel C. Inlow, StUdy number 53.

4RalPh E. Dunbar and. Elgie B. Coacher, StUdy number 19.
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.high sohool ohe~istry eleot a greater extent college chem­

istry than those who have not had high school chemistry.
'i- \

otto made.a study of 906 graduates of.a state teachers college.

He found that fifty per cent of the students who took chem- .'

istry in high school took it in college.

E. Summary

The researoh studies' that have attempted to determine

whether a study of high school chemistry has any influence

on grades and achievement in college have, almost Without

exception reached one conclusion, that is, a study of high

school ohemistry influences the grades and achievements of

students who study chemistry in college. Other research

workers have found relative to the relationship of high

school and college chemistry that (1) there is an overlapping

between the first year college ohemistry and high school

che~istry; (2) ?eginning chemistry students in college had

forgotten a large~'part of their high school chemistry; (3)

studeritswho have studied high sohool chemistry elected this,

sUbj'ect' inoollegeto a greater extent than those who have

not had highschool chemistry. "
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VIII. CONCLUSIONS AND RECOMMENDATImifS

•
!1}he-purpose of this study has been, to make a comprehensive

survey of ped~gogical researches in the field of chemistry

for a ten-year period 1925 to 1935. This problem was attacked

in two ways. First, a survey was made of theses and studies

made by the Research Divisions of Colleges and Universities,

1928 to 1933 and secondly, a survey was made of research in

magazine literature from 1925 to 1935.
- .

In a survey of research studies from 1928 to 1933, it

was found that one hundred twenty studies were made. A vast

majority of these studies was sponsored by the universities;

a small number was sponsored by teachers colleges and liberal

art colleges·. The number of studies sponsored by Research
,

Divisions of city school systems was almost negligible. ,Probably

the reason why so few studies were sponsored by teachers

colleges is because of. the fact that many teachers colleges

do not have graduate schools. The great majority of the
- .

studies was made for the master's degree. Very few of these
'-\"'.',

were published in any magazine. This finding is significant;

in that, a vast majority of the. theses writ~en are not available,

to any great extent, to individuals outside the institutions

in which they are written.

If the nature of the research studies made for degrees and

those made by Research Dividions of city school systems and

universities is compared with studies published in magazines,
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sigr.lificant facts are revealed. A:llarge "number of the studies. ". \ ..

that ~~e p\lblished in magazines is mad;e by those affiliated

'with the un,iversi ties. The studies made by universities and

colleges and Research Divisions of city school systems were

classified accoring to tyges and ranked according to the

number of studies devo~ed to each type. The first five are:

(1) tests and measurements, (2) analyses of chemistry labor­

atory manuals and textbooks, (3) classroom methods of teaching

chemistry and other science, (4) relationship of high school and

college c~emistry, (5) state surveys of chemistry teaching.

The first five types of studies found in magazine literature,

classified and raruced in the same way, are: (1) tests and

measurments, (2) relationship of high school and college

Chemistry, (3) state surveys of Chemistry, (4) classroom

teaching, (5) enriched teaching.

~. Tests and measurements ranked first in the first group

and first in, the second.

2. Analyses of chemistry laboratory manuals and textbooks

ranked secQnd in the first, group; this type was not found in

the second group.

3. Classroom methods of teaching chemistry ranked third in

the first gr()up and fourth in the second group. Relationship

of h~g4 school and college chemistry ranked fourth in the

firs:tgroup and second in the second.

4.Tha state surveys 0'+ chemistry teaching ranked fifth in
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the first group and third in the second.

·5. Enriched teaching ranl::edfitth in the second group;

it was not dound in the first.

The above facts are significant in that they indicate

along what lines and the extent to which pedagogical research

in chemistry has been directed.

In Chapters IV, V, VI, .VII. the contributions of resea~ch

in magazine literature in 1925 to 1935 to the status of chemical

education, to the teachers of high school chemistry, to testing

and measuring in high school chemistry, and the relationship

of high school chemistry and college were respectively con­

sidered.

Relative to the status of chemical education, research

workers have found, almost without exception, that ch~mical

education is very unsatisfactory. The prospective science

teacher is not receiving the training in college that will

fit him to teach his SUbjects. Schools are not receiving

enough money for s,eience equipment; a varied program of science

is not offered; and above'all the science courses are not

adapted to the needs and interest of the students.

Many research studies were found that treated with methods

of teaching chemistry. If all studies of this nature ,are con­

sidered-as a group, it is evident that this phase of chemistry

instruction has been given more attention than any other~

The best method of teaching, of course, depends on the

teacher. Though research workers may prove in certain instances



101

that one method is preferable to another, 'that is not to say

that in al~ cases it is. The objeqtiyes of the course, the

needs of th~ students, the.pe;t'sonali ty o.f the teacher are

factors that should be considered in the selection of any

method. The fact that studies proved that a large part of what

students learn in high school chemistry is rapidly forgotten

should be taken into consideration in determining what to

teach. No longer do we believe in the disciplinary aim of

teaching chemistry. No longer should the chemistry courses be

preparatory courses for college. These should be also taken

into consideration in determining contents and reorganization

of chemistry and scienc~ courses.

~n the chapter treating with the contributions of research
q
j in magazine literature to tests and measurements it was shovm,
~,j

~j that testing is of great value. Of course the teacher must
'I
rj
[I be familiar with the techniques of testing. The implication is

~ that science teachers must be trained in this field.tl
i In every stage of the teaching process the teacher should

use tests as a teaching dev~ce to check his results; to diagnose

pupils difficulties; and to determine how much the students

have achieved. It is indicative that from the nunlber of stUdies

devoted to testing and measuring, as revealed in this stUdy,

that this is one of the major trends in chemistry instruction.

A large number of research \$tuacies have been made relative

to the relationship of high school chemistry and science and

college ohemistry and science. In view of the fact thut studies
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have proved that students who· study chemistry in high school

are benefited thereby, we should offer. courses in high school

chemistry if possible for those students who will continue

the subject in college. Though the Students are benefited by,

a previous study of chemistry when they study college chemistry,

the high school chemistry courses should not·be college pre-

paratory because the great majority of students will not attend

college and only a small number of those who do will study chemistTy.

Though a survey of pedagogical research in chemistry in

magazine literature for the past ten years has shown many in­

adequacies of chemistry and science, there is much that is en­

couraging that is shown. This stUdy shows that we have begun

to attack the problems of pedagogical science in a scientific

way.



IX. APPENDIX

.A. Annotatea, B:j.bliogra])hy

1 Anib~l, F. G., "Cornparative Ef:fec'tiveness of the I,ecture­
Demonstration and Individual Laboratory Method",Journal
of Educational Research, 13:355-56, May, 1926.

This is an experimental study to determine the effectiveness

of the lecture-demonstration and individual laboratory method

of teaching of highschool chemistry. There was a control

group and an experimental group. The findings of the experi­

ment,~are: the .immediate retention is fUlly as adequate when

the material is presented by the lecture~demonstration~ethod

ias when the class is taught by regular individual laboriatory

procedure. The lecture~demonstration method resulted in better

i~ediate retention.

2 Applegarth, L. W., "Science Heads tf , School Science and
Mathematics, "32: 944-47, 1932.

Thi~ is a questionnaire study to determine status of

science department heads in the high schools of six states.

3 .Bagby, G., "The Correlation of Laboratory andClassro9m
in the Teaching of HighSchool Chemistry", Journal of Educational
Research.',.~ ,19:'336-40, May. 1929.. .

This is an experimental study which attempts to compare the

relative efficiency of three methods of correlation classroom

and laboratory work in the teaching of high school cb.eniistry.

By method (0) the experiment preceded to class work; by,
method (1) one day preview of the topic "'las made before the

103



Bennett, J. C., "A Study of Pupil Errors in Chemistry",
Journal of Chemical Education, 2:760-770, 1925.

for cheating.
5

experiment; by method (2) all class work was completed before

the laboratory period. It seems that a change in the relative

time of eless and experiment has little effect upon the pupil.

4 . Bawden, A. T., "The Conference Plan of Teaching General
Chemistry", Journal of Chemical Education, 11:618-19, Nov. 1934.

In this articles the author describes the conference plan,

its operation, and its advantages. Under the conference plan

the stUdent, with the advise of the teacher, selects the text­

book and t~pe of course best adapted to his previous training

and future needs. Each stUdent progresses independemtly of

his classmates. Mastery of each unit of subject matter is

acqUired. This cultivates the habit of independent stUdy

so essential in advanced work. It offers few opportunities
~ ;~( :,..~
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Th~s is a study of pupil errors in chemistry in classes

of East High School,Cleveland, with two diviS-ions of l2B

chemistry numbering about fifty-five boys and girls. It was

found. that· great d.ifficUlty 'Was experienced'and error made

in the writing o£ formulae, balancing equations, and in gas

volume problems.

6 Bennett, JU1.ia C., "A Study of Pupil Errors in Chemistry",
Journal of Chemical Education, 4:45-57, 1927.

,The author investigates the need in chemistry teaching.

Our gr~at need in the field of chemistry teaching is inves­

tigation leading to evaluation of subject matter and methods
~ . . "
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of presentation of subject matter, so that we may, by

scientific selection of the content 'of our chemistry course
, '

and by the improvement of teaching te~hnique, achieve more
I

worthy results than our reward at present.

7 Bergen, L. M. & other, "Objectives of Science Teaching",
School ScLance and Mathematics, 31:550-60, May 1931.

The author lists a large number of specific objectives.

In ranking the objectives more emphasis was placed on

scientific thinking, attitudes, etc., than on specific

scientific lanow1edge. The kind of knowledge most important

is .that which would give an insight into the nature and

organization of the environmnet.

8 Bothe ,A. A., nAn Analysis of High School Tests in
Chemistry", Journal of Chemical Education, 2:785~92, 1925.

An analysis of high school text is made in order to

determine the amount of space devoted to various phases

of supject. matter. The conclusions readed were: theories

and their' examples are presented inductively; important

phases of subject matter are not repeated often enough;

the, first chapter is us~ally definition type; no definite

plans f~w introducing theories, laws, and principles were

followed.

9 Brown, F. E. & Coons , "Treatment ,of StUdents Earning
Low,'Grades", Journa). of Chemical Education, 11:579-81,
Oct, 1934.

This is an investigation which attempts to ascertain the

best method and the results of sectioning stUdents earning

low grades in chemistry. Sectioning of stUdents who make

low grades was found to be advantageous. Each deliquency
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remains a separ.ate problem, involving a personality and a

deficien-ey,both of which must be considered•
., '

10 Bowers, W. G., "Grouping Students for Work in the
Chemical Laboratory", Education, 25:429-38, 1925.

'This problem has been in the mind of the writer because

his experience has been, for the most part, in teacher train­

ing institutions. He, justifiably concludes that: the aver-

age strong students are nei~her benefited nor injured by working

i1'1 pairs. The average weak students are benefi ted by working

together, the strong students are not injured by being paired

with weak ones, but the weak students are benefited by work-

ing with the strong ones. Only the mechanical genius is handd:­

capped by being paired With another student and seems to make

no difference whether the other student is strong or weak.

11BxoVJri~: H. E., "Motion Picture or Film Slide?" School
Science and Mathemati~s, 28:517-26, 1928.

~n this study two investigations were made. From the first

investigation, it is concluded that the film slide, with the

greater exchange of comment that it allOWS, proved the better.

From ~he two investigation.s it is proved that fer much of learn­

ing associated with still mental pictu!es the strip film is

the movie's superior as a learning aid.

12 Carpenter, W. W., "A Study of the Comparison of the Different
MethOds of Laboratory Practice on Basis of ReSUlts". Journal
of Chemical Education, 2:798-805, 1926

The author. compared different methods of laboratory practice

on the basis of results obtained on tests of numerous classes
!
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. !

of high school chemistry. The results of the eyperiment
/

point to the conclusio~ that the majority of high school
, ,

laboratory chemistry classes, taught by demonstration method,
I

succeed as well as when they perform experiment individually.

The majority of the students performing experiments in groups

of two do not succeed as well as those performing them individ­

ually. The difference may not be great enough to warrant extra

expense.

13 Clem, Orlie M., I'The Laboratory Technique in Secondary
Science Teaching", School Science' and Mathematic~, 23:603-0,
1934.

This is a questionnaire study to determine current practice

and opinion relative to the laborator;y phase of high school

science teaching in the high schools of New York State. Some

of the findings are: a close relationship exists between

the textbook and the laboratory working in science; the lecture

demonstration method is used; well planned field trips are

commonly used to supplement the classroom work; in general,

pupils do not work individually in the laboratory; less than

half the teachers make use of any new type tests.

14 Cornog, J. & G. D. Staddard, "The Chemistry Training of
High School and College Students", Journa~ of Chemical Education,
6:85-92, Jan. 1929.

'Both chemistry aptitude and chemistry training examinations

~ere given students beginning their course in college chemistry•
.

The results imply that the frequently expressed idea: freshman

instructors would prefer to teach chemistry to stUdents who
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,have never dabbed in the subject in high school" is not war-
','

ranted by the grades these stud~DtS·make. It is unsatisfactory

to segregate students who have had chemistry.

15 Crosby, o. A., "Investigation of the Study I.~ethods Used
by High School Chel:istry Students", Journal of Chemical Education,
7:687-8, May, 1930.

This is a questionnaire study of the study habits of 170

high school stUdents in chemistry in Detroit in order to as-

certain their stUdy habits. The stUdents have no regUlar method

of stUdying chemistry. Too little time is spent in study by

most stUdents. Most stUdents think the laboratory exercises help-

ful understanding the text. The main conclusion of this in­

vestigationis: "that it is a matter of 'how to stUdy' as much

as merely as the matter of 'study'".

Curtis, Francis D. , "A Study of the Vocubulary of Scientific
Articles Appearing in Daily Newspapers", School Science and,
Mathematics, 26: 872-88, 1926.

, In a stUdy of the vocabulary of scientific article~ appear­

ing in da.ily newspapers the author used 630 articles of miscellan­

eouscontent. His findings are: there is no apparent rel-ation

between the size of the circulation or national importance of six

newspapers and thepe~centage 0+ scientific terms which appear in

the miscellaneous scientific articles of the issues stUdied. The

percentage of "unco~non" words found in the miscellaneous scientific

articles is small, being on the average only 3.6 per cent. The

respective percentages of "uncommon" vv,ords appearing in these .

miscellaneous scientific articles are approximately equal.
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,17 Curtis. Francis D. and Gerald G. Woods. tlA Study of a
Modified Form of the Multiple-Response Test", Journal of
Educational Research, 18:211-19, :1928.

This'is to determine some of the.relative merits of the

conventional multillle-response test having five choices, as.1

compared to the modified form of this test. It is reasonable

to conclude that this modified form is more difficult than the

conventional mUltiple r~sponse. It is at least as good in a

ntunber of respects and better in several respects.

18 Dunbar. Ralph E. and Coacher, Elgie B., "A Study of High
School Chemistry Students Electing Chemistry in College".
School Science and Hathematics, 3·2: 675-88, 1932.

The findings indicate that there is a greater tendency

for high school seniors with credits in chemistry to elect

chemistry in college than it is for those without credits in

high school chemistry.

19 Dunbar, Ralph E•• "Subjects taught by high school Chemistry
Teachers of South Dakota". Journal of Chemical Education,
11:879-20, sept. 1934.

The data for this article was obtained from official

repo~ts and. records on file in the office of the South Dakota

Depgrt~ent of Public Instruction at Fimrre: in South Dakota

it is·not desirable to prepare high school teachers to teach

chemistry alone. The students who plan to teach chemistry

should have minors in mathematics. biology, and physics if

posslble as these SUbjects are most frequently taught in con­

junction With chemistry. Other subjects often taught by the

chemistryt.eacher are history, commerical arithmetic, economics,

geography, commercial law, home economics, bookkeeping, music,
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Latin, and English. Nine-tenths of the chemistry teachers of

South Dakota are men. Twenty-three a~d three tenths of the

four-yeararicredited high schools of SORth Dakota teach chem­

istry. Only five of the chemistry teachers of South Dakota

teach chemistry only.

20 Dunbar, R. E.; Holgate, e. H., and Harkness, J. T.,
"Term Paper Practice in the Teaching of High School Chemistry
in the United States'~, Journal of Chemical Education, 5:1440-6
Fov. 1926.

This is a questionnaire stUdy of term paper practices in

teaching chemistry in the high schools of the United states. In

all the schools requiring term paper, industrial topics \vere

used and-household topics were next in popularity. Fifty-two

per cent of the schools required term papers written. Forty-

seven per cent did not require term papers written. Seventy­

four per cent required oral reports, and twenty-six per cent

did not require oral reports. There were many benefits that science

teache:r:s thought were derived from term papers.

21 Entriken, J. B. and Hodge, F. e., "A Texas High School Science
Survey"~ Journal of Chemical Education, 2:199-207, 1925.

From this survey it is shown that: one-third of all schools

require no science whatever. Tvventy-two per cent of all students

enrolled in science were taking but three different courses.

Fifteen per cent of the teachers are teaching other subjects. Most

of the teachers were degree holders.

22 Everheart, W. A. and Ebaugh, W. e., "A Comparison of Grades.
of Students\Vho (a) have had and (b) have not had High School
Chemistry"~ Journal of Chemical Education. 2:770-775, 1932.

. -
In this study the grades for two groups of students were

compared: those who had had high school chemistry and those who

had not had high school chemistry. ~he conclusion reached was
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. that haVing had preparatory chemistry is by no means a guarantee

ofsucces.s in college chemistry ~md.. the handicap of' not having

had prepa+atory chemistr~ will not neqessarily condemn a beginning

studentto_.fail.

23 Fay, Paul J.,".The ·History of Chemistry Teaching in American
High Schools", Journal of Chemical Education, 8:1533-1556, Aug.
1931. --

This.is an examination of the literature and souce material

in order to trace the development od chemistry teaching. It was

found that during the first three quarters of a century chemistry

teaching was superficial .but rather practical. The period was

followed by one in which the laboratory tended to dominate.

Since about 1910 the study revealed that there has been eVident

trends toward the developmerJt of social obj ectives towards great­

er emphasis on the practical aspects, and towards a better adapt-

ationsof the need of the pupils.

24 . Frank,. J. 0., t~An Ex:periment in Visual Education, rt Journal
of Chemical Education, 10:90-91, 1933.

An analYf3'is of students I interest in various types of slides

used in chemistry courses. The findings indicate that in many

cases the slides are of no value or aid in teaching chemistry.

One of the greatest values resulting from the use of slides lies

in the interest they provoke. Some slides which seemed to have

little teaching value were rated highly by the stUdents because

of the interest they provoke.

25' Garnad. 1. C•.and Gates, 11. B., ~High School Chemistry
and the Stua.'ents Re90rd in College Ohemistryrt, Journal of
Chemical Education, 6:514-17, 1929.
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The calculations made in this study 1Jvere made from the

registrar) s office of the universi ty., If students are arranged

in the familiar groups denoted various;J..y as A, B, C, D, then

the differences shovm are almost sufficient to place the ave;rage

student who has had high school chemistry one group higher than

1 the one who has not had such a course.

r 26 Garner, Edith, "A Study of Chemistry Examination :2uestions
" Given by Various States andCities in the leIiddl@' West and East tt ,

School Science and Mathematics, 27:140-43, 1927-----, --
This is a study of examination papers in order to determine

the type of chemistry taught in the various states and cities

of the, middle west. The questions asked on these tests in order

of the number asked are as follows: memory tests (define terms);

This is an investigation to evaluate the influence of

high school chemistry on the grades in first year college .chem­

istry. The experiment was conducted with sections numbering

about eight each; twelve tests were given during the second

semester. The results point to one fact. Students who have

had high school chemistry schieve more than those who have not

had high school chemistry.

28 Glenn, E. R., "An Investigation of the Types of Classrooms
for Chemistry and Other Sciences in the Small High Schaar',
Journal of Chemical Education, 6:634-64, April, 1929.
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From. questionnaire studies and personal visits it was

foundthal1 the combination laboratory. and classroom as proposed

in this iritVestigation offers numerous e,dvantages.

29 Graham, H. C., !'Notebook Methods in High School Chem­
istry", Journal of Chemical "Rqucatiou, 7:1122-24, May, 1930.

~his is a questionnaire study to determine what notebooks

methods are being used in the best high schools of the country.

The data indipated that the requirement of only brief notes is

g:eneral.

30 Hanske, C. F., "Sex Difference in High School Chemistry",
Journal of Educational Research, 23':41ia-26, May, 1931.

~hiS is an investigation to study the relative performance

of boys and girls in high school chemistry. Both groups were

paired as equally as possible. From the results of tests

it was shown that there is no great difference in intelligence

of boys and girls. The boys had a better science preparation.

The medium scores made by the end of the semester was higher

for 'the boys than that made by the girls.

31 Hendr:tcks~;·B. C, and J. S. Chambers, "Chemistry Teaching
in Nebraska'·, School Science and Mathematics, 29 :138-41, 1"929

Tnis is an investigation to ascertain some facts relative

to chemistry as taught in Nebraska high schools and colleges.

The findings indicate:· high school chemistry is not offered

in allarge per cent of' high schools in Nebraska; a fair per cent
'., /

of high school students continued chemistry in college; the

chief argument against high school chemistry is the cost.
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!~2 He~~lllann, George ,A., "An Analysis of Freshman College
Ohemis'f;ry: Grades'with Reference to Previous Study of Chemistrylt,
Journal 2!, Chemical Education, 8:l37~~86, July, 1931

This study attempts to determine wp.ether high school

chemistry influences the students' grade obtainm in college. ~

The finding ind.icate that the study OJf high school cheLlistry

course, at least, in a majority of the cases, is advantageous

to the student who enrolls in college chemistry.

33 .Horman, T• .B. and Hodge, Harou.d C., "A Study of the
Reliability of Examination Marks in General Chemistryll, Journal
of Ohemical Education, 8:2071-78, Oct. 1931.

The research worker sent the median paper in general chem­

istry to one hundred instructors in general chemistry. Sixty-

four graded lists were returned. A wide variation w~s found in

the evaluation of each question and in the total score.

'34 Hines, M. S., "Of What Value is the High School Course in
Chemistry to Those Students Continuing the SUbject in College?"
Journal of Chemical Education. 6:697-707, 1929.

These results indicate a slight superiority in performance

as shown by grades for the student entering college with a unit

of high school chemistry. The facts were got from a college

which separates college chemistry students into two grpups: one

requiring and one not requiring a unit of high school chemistry.

35 Hopkins, B. S. and Dawson, H. G., "Visual Education in
Elementary College Chemistry", School Science and mathematics,
32:353, 1932.

The experimenters believe that they can draw no definite

conclusions-because their experience has been too limited. They'

affirm, however, their faith in the educational value of motion

pictures and erpress their belief that visual education will
.,

furnish a valuable method for the training of the youth of the

future.
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, B.a·,:c,Howe, F'ranci's W. ,"Diagnostic Teaching 'of Chemistry",
School S~ience and Mathematics, 34:70Q-13, 1934.

Il:;:",O, ~,-:: ')

In the beginning classes of 'chemistry students used in
'~.

this experiment, two groups constituted the control group;
)

tiJVO other groups the experimental group. The control groups

were taught the traditional way. In all stages of the teach­

ing of the experimental groups, diagnostic tests were used

to discover and correct students' difficulties. The experi­

mental group made greater progress than the control group.

37 Hunter, George W., "Science Sequence in the Junior and
Senior High School", School Science and Mathematics, 33:214­
243, 1933

This is a questionnaire stUdy which attempts to ascertain

tendencies in the teaching of science in one thousand high

schools. Some of the tendencies are: general science is

growing in popularity; hygiene is entering the junior and senior

high schools; biology is still generally offered in the tenth

year; physiography is decreasing in imlJOrtance; enrollment in

the special saiences is rather small inclUding chemistry; the

,scienoe ,courses are more, closely rels.ted now than they' \vere

twenty·yearsago.

38 Hurd, A. W., "Present Inadequacies and Suggested Remedies
in the Teaching of High School Science", School Science and
Mathematics, 28:637-39, 1928.

This is an attempt to discover what authortative lJ':Jri ters

on the SUbject believe to be inadequacies in the teaching of
.

high. ,school science. 'Ninety-two statementsd':6:::'fifty-t'Jvo author-

i tie~ writing betvfeen 1900 and 1912, and one hundred thirty-two

statementso.f fifty-eight ,authorities writing between 1913 and

1926 constitute the sources of this analysis. Some of the

,,'
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inadequacies found are in order of their'importance: poorly

defined aims and objectives, poor .tr~ining of teachers for

particular~jobs, lack of Bcientificme~hods for deter2ining

future changes in courses.

39 Jensen, J. H., !lHigh School Science Survey of South
Dakota", Journal of Chemical Education, 4:897-904, 1927

This is an investigation made from questionnaires and

reports of superintendents, of public instruction with a view

to formulationg suggestions indication how science teaching

in this state might be placed upon more rational basis than

it is at the present. The follOWing would help: a carefully

planned course of study for science teachers in swamer school;

a high school manual With suggested plans and time schedules;

clearing house to furnish teachers with help in ordinary

equipment.

40 Knox, W. W., "The Demonstration Method Versus the Lab­
oratorY.Method of Teaching High School Chemistry", School
Review, 25:376-86, 1927. .

In an investigation of' the advantages of the denlonstration

method. and the laboratory method, it, was found that: the

demonstration method is superior to the laboratory method

in teaching mentally heterogeneQus groups of pupils for the

};lur:I;)ose of immediate retention of subject matter in high

school chemistry. Demonstration method is better SUited for

presentation of information for relatively permanent retention.

It is equal for imparting to a group of pupils a scientific

attitude and training in a method of attack on new problems.

The demonstration method prOVides superior opportunity for ~~,

adaptation to individual differences in mental ability. The
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of chemistry taught in 101 schools. The more fUndamental

.,)
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..'
. laboratory meth~d is slightly superior to the demonstration

so far as! providing knowledge and: method of attaclc is concerned.

41 Koos,'. L. V. ,·Overlapping in High School and Collegell,
Journal of Educati_onal ~esearch, 11:322-330, May, 1925.

The results of the study show that chemistry is the

only one of the college sciences in which there is any re­

cognition of overlapping. There is, thus, an all too common

disregard in the college of what the student has compassed

in his period of high school training.

4R. Malan, L. E., nBrief Survey of the Mechanical Fundamentals
of' Chemistry Taught in the United 'States", School Science and
Mathe~atics, 32:149-55, February, 1932. , .

This is a' questionnaire study to determine the fundamentals
\(

aspects of chemistry are taught in most.schools, while the

more abstract aspects of chemistry are taught in. fewer schools.

43 Malin, J. E.; nA Diagnostic Study o£ Students' Difficulties
in Chemistry and the ,Effects of Application of Remedial Measures",
Journal of Chemical !ducation, 5:208-17, 1928

'"
This is an analysis of students' difficulties in chemistry

given to high school students in Sworthmore High School, Sworth­

more, Pennsylvania•. The kinds of difficulties met in Sworthmore

High School chemistry course~ can be classified under two general

headings: II information" ana. ~tasks". Information involves

memory work, and tasks involves· memory and reasoning. The tasks

found difficult were: valence problems, naming formulas, \'1,'1'i tirlg
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44 Nash, H., B. and M. W. :Phillips, "A Study of the Relative
Value o£ Three Methods of Teaching High School Chemistry",
Journal of Educational Research, ::1.5:.371-'79, 1927•

.'. -'.

This is an experimental stUdy to ~etermine which of

three., methods is the best in the teaching of high school,

chemistry: the pupil method, the combination method, or the

instructor method. In the pupil method the pupils were

allowed to work as they pleased. In the combination method
... 1

both demonstrations, lectures, and laboratory vfOrk were used.

In the instructor method the instructor did the work and c·

per£ormed the eJl..");leriments. In the final test the mean for

the instructor group was highest; the pupil group ranked

second; the combination group was last.

45 Nathonson, Joseph, N., "Commercial Processes in High
School Chemistry", Journal of Chemical EducE.~tion, 26:633, 1926

This is a textbook analysis to determh1e the commercial

processes found in £ive high school. chemistry texts. Over

fifty commercial processes were found in chemistry textbooks.

The processes were classified as essential, very important,

important and interesting, This study showed that textbooks

are not' giving as much space and emphasis to the really important

processes as they are to the less important processes.

46 Naudain, G. G., "Administrative Study on the Teaching of
Chemistry in the Secondary Schools of South Carolina~~, Journal
of Chemica~ Education, 9ij;550-64, 1931

This is a qu.estionnaire study to determine the status o£

the teaching of chemistry in the state of South Carolina. De­

tailed questions were asked of the secondary school teachers

concerning the schools, the class, and the teacher. The results

of the survey were £avorable and placed the teaching of chemistry
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,on a par wi th other states where similar surveys were made.

47 Nuser, 'Arlee, "A Study of Chemistry Found in Agricultural
J:eriodical,~n, School Science and M.a:th~matics, 26:471, 1926

This is a study to determine the knollrledge of chemistry

necessary for an individual vnlo is to read intelligently

agricultural periodicals. A study was made of three agri­

cultural'periodicals of widest cirCUlation. The study included

issues of ten years' publication. The analysis showed that

there" is a chronological increase in the use of chemistry in

agriCUltural periodicals.

48 Oppe, G., A., ~Status of Chemistry in Texas High Schools",
Journal of QAemical Education, 6:1748-58, 1929.

Th1s is a survey of 138 schools to determine status of

ohemistry in respect to number of schools offering SUbject and

the number of pupils stUdying it. The folloWing facts are

outstanding: a general dissatisfaction with the materials and

methods' of the chemistry courSe; a need for courses in the teach­

ingofthe various branches of science; teachers still reqUired

to handle too many sub~,ects, especially in the small high

school'; a laCK of preparation of students before taking chem­

istry; the tendency to introduce outside material into the

course to make chemistry more effective.

49 otto, Cliff R. and Mabel Claire Inlow, "Do Students W"no
study Chemistry in High School Elect that SUbject in College?ll
School Science and Mathematics, 30:292-4. March, 1930•

. This is a study of 906 degree graduates of a state

teachers college. It was not shorm conclusively that students
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in this institution who have studied chemistry in high school

are more l~kelY to elect courses in college chemistry than

those who have not received instruction in chemistry in high

school. Fifty per cent of the stUdents who took chemistry in

high school took it in college.

50 Parr, Rosalie M. and Mable A. Spencer, "Should Laboratory
or Recitation Have Precedence in the Teaching of High School
Chemistry?1f Journal of Chemical Education, 7:571-587, March 1930.

In this stUdy t~:o groups of stUdents were used. One group

was allow~d to work in the laboratory before discussion and the

other group had discussion before laboratory. The calcium unit

was studied by both groups. The findings were: for the total

population tested the recitation first method is somewhat superior

to the laboratory first method. of teaching. A teacher's prefer-

ence must have some influence upon his success in teaching by

experimental procedures. Both methods seem to work well for

brigbtpupils. For duller students the recitation first method

gives better reSUlts.

51 Payne, V. F., "The Lecture Demonstration and the IndiVidual
Laboratory Method Compared", Journal of Chemical Education,
9:932-39, 1932.

This is a study that compares the findings of an experiment

treating with the lecture demonstration and the individual

laboratory methods of teaching chemistry. The majority of the

stUdies ·reveals that the individual laboratory method is not

functinp.ing.

52 Persing, K. M", "Present Specific Objectives in High
Schoo~ Chemistry", Journal of Chemical Education, 6:1958-76,1929
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This is a questionnaire stud~. It indicated a lack of

qualitativ.e and quantitative investigations of the content of

high school courses of study in chemist,ry.

53 Persing, L. M. "Testing Laboratory Technique in High
School Chemistry", Journal of Chemical Education. 6:1321-30,
1929 --

Tests were constructed and administered students who

had had one year of high school: chemistry. Results do not

warrant definite conclusions. They would indicate that it

is possible to measure laboratory technique as a product of

laboratory practice.

54 Peterson, Hugh W., ~Status of Chemistry Education in
Utah High Schools", Journal of Chemical Education, ~:2079-86,
October, 1931. --

This is the report of a questionnaire study indicating the

prevailing conditions and practices in general in Chemical

Education in Utah High Schools. The enrollment in.high school

chemistry was found to be low. Many of the teachers majored

in unrelated fields of chemistry instruction. The median train-

ing of the chemistry training of teachers in utah High School

is thirty-three hours. Most of the teachers have had consider­

able teaching experience.

55 Phelan, Earl W., "Are Chemistry StUdents More Intelligent
than Others?" Journal of Chemical Education. 6:630, Nov. 1934

A frequency distribution of I. Q. scores was made. These

,results strengthen the belief that the stUdy of chemistry in

high school gives the stUdents a real advantage in a common

freshman course in college.
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f?6 Phelan, E. W., "status of Chemistry and Chemistry Teach­
ing in'OhioHigh'Sctiools", Journal of Chemical Education,
6:2196-202', 1929.·

The qdestionnaire method was used .to determine the status

of chemistry and chemistry teaching in Ohio high sehbols. The

inexperienced teacher must start out in small school where he

has to handle several subjects. Those who have studied chem-

istry seriously either become principals or graduate to city

high echools, where equipment is usually adequate and the teach­

ing load is not so great. The average student finds the subject

too theoretical. Teachers are trying to bring the sUbject in

range of student comprehension. The suggestion has been made

by several that college preparatory students be separated from

the rest, and that wherever possible different courses be taught

the two group s •

57 Powers, S. R., "Achievement in High School Chemistry-:,-an
Examination of Subject N18tter tl

, School Science and :Mathematics,
25:53...61, 1925.

This is a report of the results of various tests given

to find achievements of pupils in chemistry. Pupils who have

had a year Or more of high school chemistry show, on continuing

the sUbject in college, a comparatively small progress in total

attainment in chemistry, as shown on the Rich Tests. Figures

indicate that the traditional course in "general chemistry",

required of those who offer chemistry at entrance, :Ls far from

being highly efficient in producing increase of attainment in

the subject.
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,68 Powers, S.· R., "A Comparison of Accomplishment in
Chemistry of Student in English and American Secondary
Schools", ,Journal of Chemical Education, 4:1505-14, 1927.

Terma~ Tests were used for the in~estigation. This re­

port is not adequate basis for conclusion that achievement i~

chemistry in English secondary schools is inferior to the

achievement in American schools when the period of instruction

is constant.

59 Powers, S. R., "How Long Do Students Retain What They
Have'Learned From.. High School Chemistry?" Journal of Chemical
Education, 2:174-180, 1925.

This study is concerned with ~ test given freshmen

entering the University of Minnesota who had studied chemistry

in high school. The conclusion is that specific information

about sUbject matter of high school chemistry is rapidly for­

gotten.

60 Powers, S. R., "Some Problems of Curriculum and Method
of Instruction in High School Chemistry", Journal of Chemical
Educat,ion, 2:998-1007, 1925. -

This is a compilati'on ot t,ne qbjectives of the various

phases of chemistry instruction, drawn fr.om reseachstudies
"

in the field. The objectives considered were: the knowledge

aim and the preparatory aim.

61 Powers, S. R., "The Correlation between Measures of
:Mental Ability and Measures of Achievement in Chemistrylt,
School Science and Mathematics, 28:981-?, 1928

Most of the data for the solution of this problem was

obtained from a cooperative study conducted by chemistry teachers

of North Eastern Ohio Chemistry Teache~s Association. The

I. ~.'s of ,a group of students was first determined. They

were then given Powers General Chemistry Test at the end of a
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semester of chemistry. The findings ind'icate that intelligence
',' \

as mea.sur~d by intellig~nce tests is .a factor of succa ss, but

within the~ range of ability of the students tested it was not

important.

62 Powers, S. R., "A Vocabulary of Scientific Terms for
High School Students", Teachers College Record, 28:220-45, 1925

The result of this study is a vocabulary of the scientific

terms. Ohemistry textbooks are largely the product of gradual

evolution and like many things in biological evolution, this

has not resulted in perfect adaptation to existing needs.

63 Powers, S.R., "The Vocabularies of High School Science
Textbooks", Teachers College Record, 26:362-92, 1925.

In preparing these lists of "uncommon" words used TlIorn-

dike was followed with but slight modification. It was found

that the chemistry vocabularies appear to be too difficult.

This due not only to the fact that too many words are used but

also to the fact that many are unusual and find no usage out­

~ide of works prepared for highly specialized study.

64 Pruitt., dlarence M., "Aim' and Oontent of Chemistry
Laboratory. Manuals",. School Science ~ Mathematics, 26:507-­
11, 1927'

'I'll'; investigator att~~Pts to determine the correlation

between the aims of chemistry teaching formulated by the

Cornmt.tteeor,Reorganization of Science in Secondary Schools

and the experiments given infiteen representative laboratory

manuals. The conclusions were that as a whole, there is a
.

relattvelY.low degree of correlation between the aim of chem-

istryiJee.chingand contEl of laboratory manual.
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,65 ~eed, R. D., Kluckholm, J., Salter; 0, and Gies,
"Differentiation of Chemistry Oourse for Variations ot:
Learning Capacities of Pupils", Journal of Chemical Education,
6:327-52, 1.929 , ',,-

Tests were given the student groups of one teacher who
,

had given the same instruction as far as possible. For fast

classes, the regular test work; for average classes, the

regular test work; for slow cIa sses, the regular test '\Il]'ork

is required.

66 ReEl'!, R., D., "High School Chemistry Demonstration",
Journal of Chemical Education, 6:1905-9, 1929.

This article is to report the finding of investigators

of the value of lecture demonstration in all science work.

67 Reed, Rut:us D., "Preparation of Science Teachers of
New Jersey", Journal of Chemical Education, 9:326-44, Feb. 1932.

The questionnaire method is used in this stUdy. It is

not desirable to prepare to teach one science only. General

science ranks first in number and size of classes, biology

is second, chemistry is third, and physic s is fourth. The

desirable minimum science training fro beginning science

teaching should include two years each in biology, physics,

and chemistry with a course in giology and in astronomy. More

work is desirable in the science field of major interest.

68 Rich, Stephen E., "Achievements of Pupils'; in Chemistry",
School Science and Mathematics, 25:145-49, 1925•

. :F.t'om the results of examinations made up of many and

distinctly different ,items and given on each of three years

just before the close of school to students who had studied

<?hemi,stry.throughout the year,i t was concluded in the case
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of eaoh test that large proportion of the content of high

school ohemistry· is,of little or no value for many who study,

it. Certa~nly there are large numbers who effect no mastery

of the subject matter. It appears that there are indeed many

schools in which nearly none of the students obtain any mastery

of the subject matter which is presented to them. The second

test shows that such mastery as is obtained is rapidly lost

when the student was out of sohool.

69 Roberts, Ethel L., "A study of Existing Science Clubs
As Portrayed by Current Science Magazine Articles", School
Science and 1~thematics, 32:948-53, 1932.

This is an analysts of thirty-five separate periodicals

showing that information in articles is not adequate to meet

demands of 'new organizers or of present directors. The author

lists in order of importance the items that most writers of

science club articles deem worthy of mention.

70 Rogers, T. A" "A Survey of Chemistry Teaching in Wisconsin
High Scho,ols", Journal of, Chemical Education, 5: 1415-24, ,1928.

The statement: "Chemistry is one of the most poorly

taught, s~bj~ots in the high sohool curriculum," challenged

the ~u~hor to oo~duot a survey of the oonditions existing

througho~t the state to determine whether or not there existed

some basis f'or the above statement. Q,uestionnaires were sent

to teachers of' the state. The teachers of chemistry along with

the ,teachers of other scienoe subjects have been slow to appre­

ciate the importanc~ of the methods side of' presentation.

71 ,S~oti~ld, Maude B." "An Experiment in Predicting Perform­
ance in General Chemi stry", Journal of Chemi cal Education,
4:1168-75, 1927.
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The investigator gave tests to ascertain students'

abilities 'neoessary for suooessfu~ attainment in ohemistry.

The tests measureinolination to pay attention and to follow

direotions.

72 Soofield, Maude B., "Further Studies on Seotioning
in General Ohemistry", "Journal of Chemical Eduoation,
7:117-26, Jan. 1930.

This is an investigation to determine the best method of

seotioning students in oollege chemistry. It was brought

out that high sohool grades in mathematics serve'd as a

fairly good gUide in seotioning both.those who had and those

who had not had chemistry before. High sohool physios grades

were not as reliable as high sohool mathematios grades in

seotioning. High school chemistry and mathematics grades

served as a better basis for sectioning than high school

mathematics grades alone. Tests given at the beginning of

the quarter are also useful in finding the poor chemistry

student.

73 Searle t li. H. and Ruch, G. M., "A Study of S~ience
Articles in Magazines" , .School, Science and N18thematics,
26: 3890-:96 t 1926. ,. - '.

Concerning the amount of scientific information the

public pays for in standard magazines, the author found the

following: biology sixty-two and two tenths per cent, physios

twenty-six and three tenths per cent, chemistry five and one

tenth per cent, general,science four per cent, and agriculture.

two and four ~enths per Qent.
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.74 s1'lverman, A. t "Intensive Trs.ining in Chemistry",
J"ournal ot Chemical Education,5:3l7~23, 1928•.

This is an experimnet to de~er.mine whether mixed classes

in general chemistry do as w~ll as classes where the students
,

are separated on the basis of preparatory training. The findings

indicate that mixed classes do not do as well as segregated

classes. Also the experiment proved that intensive instruction

yields a higher percentage of superior grades than interrupted

training.

75 Spurgin t William, "The Use of the True and False Test
in Chemistry Teaching"t J"ournal ot Chemical Educationt
2:936..:38, 1925.

An analysis ot the results showed that out of 151 cases

where the pupil did not attempt an answer on the short answer

test, one hundred were "guessed" right on the true and false

test. Th~s bears out the view that a student may not possess

a knowledge detinite enough to tormulate a correct answer

himself, but be able to recognize the correct answer or detect

thewron,g one.

76 Steiner, L. E., "Contributions of High School Chemistry
. tovrardSuccess iIi College. Chemistry Course," J"ournaI.Q!
Chemical Education, 9:5300-38, ,March, 1932.

A study ot the chemistry students of Oberlin College was

made. Students who have had high school chemistry stand a

better chance of making good grades in the first year course

than students without such preparation. Students who have had
I

high school chemistry are approximately three times as likely .

to continue as students who have not. The students in group two
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those in group one. The great diffe~ence in grades made during

the first :,year may be due to: a selective role played by the

high school course which tends to attract scientifically in-,
clined students; the preparation given by the course itself.

77 Stevens, Clarence P., "The New Courses in High School
Chemistry", School Science and Mathematics, 32:244-50, 1932

This study is an examination of professional literature
and
and replies from queries. Results semn to indicate that new

chemistry course in. high school are not completely college

preparatory, but partly so and also adapted to the practical

interest of all students.

78 Stewart, A. R., "A Study of Difficulties in Chemistry",
School Science and ~mthematics, 28:838-48, 1928.

The purpose of this $udy is to make an analysis of the

difficulties of students in general chemistry and to suggest

methods of overcoming the difficulties. The difficult topics

in chemistry in order of their difficulty are: problems,

equations, formulas, word equations, solutions, valence, dis-
I' .,' '

·l.
."-" .~ ".'" ,-

sociation, atomic theory~ and formulas with valence.
'.

79 Stubbs, M. F., "An Experimental Study of Methods for
Recording Laboratory Notes in H~gh School Chemistry", School
Science and Mathematics, 26:233-9, 1926.

In view of the various differing opinions and the constant

problems which the notebook presents, the writer decided to

undertake an experimental investigation in the hope of arriving

at some definite conclusions regarding the best method to

use for notebook work. The following general conclusions seem
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to be justified by ,the results obtained: the writing of the

prooedure 'or' method followed does:not' appreciably aid the

memory in retaining the main facts of the experiment. The many

extra hours needed by the students to write separate detailed

notes 'and by the instructor to correct them are not justified

by the results ohtained. If separate notebooks are to be used,

they should oontain only.a brief statement of the object of the

experiment and the answers to the questions given in the manual.

80 Thomas, Hopkins L., itA StUdy of Magazine and Newspaper
Scienoe Articles with Relation to Courses in Soiences for
High So:Q.ools", Sohool Scienoe and Mathematics, 25:7930-80, 1925.

The results of an investigation to see what sceintific

information a person needed to know to read intelligently the

daily newspapers and a selected list of magazines, it was found

that biology is the most oommon branch of science occuring.

Less than one-i'ourth as much space is given physics and chem­

istry oombined as is given biology.

81 ·"Thompson,F. G. and Rantz, F. A., "The status of Chemical
Education. in the High Sohools of the State of Wa shington tr,

School Soienoe and Mathematics, 28:68-73, 1928.

Th~s is a survey attempting to ascertain the enrollment,

value of equipment, and teacher preparation in ohemistry of

the secondary schools of Vlashington. The findings are: "The

high schools of Washington have been classified upon a basis

of their enrollment. The money spent for chemistry instruction

is an inverse ratio to the size of the school. The preparatio~

of the teachers is in direct ratio to the size of the school."

82 Walker, H., "The High School Chemistry Club", School
Science and Mathematics, 28:833-40, 1926

Reports from questionnaires sent 112 schools affiTIned
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·that all are infavor of' any properly cOIlducted supervised

club:' .Alll agree that there is a pla,c,e f'or a good club be-
o , ,

cause teachers are pressed for time tO,do the amount of reg­

ular class and laboratory work in the usual course of chem-. . /

istry.

83 ;Walters, 0., "Industrial Motion Pictures in the Class
room", Journal of Chemical Education, 6:1736-46, 1929

Resultsrorm the questionnaires indicated that the most

interes~ing pictures were not the ones that students learned

from the most. Apparently; high instruction value is sacri­

ficed for high entertainment value. Some pictures appealed

to small minority. A majority of students profited by all

pictures. Additional films would very often have given ad~'

ditional understanding. Pictures were preferred to laboratory

because of less effort required. Pictures are more vivid

than visits to plants. They do not involve many technicalities.

84 Worstel, R. i., "Chemical Education In Iowa High Schools",
Journal of Chemical Education, 6:1503-11, 1929

i -

The results of the questionnaire study would indicate

that there is noting wrong with the training and experience

of teachers throughout the state. 'Subscription to a small

chemistry publication \till prove helpful in stimulating in­

terest. Chemistry teachers will do well to remember that

their value to the community will not be determined by their

qualifications alone but rather by how much chemistry they

can inpart to those under them.
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·85 '·We'st , GuY-A" "Influence of High School Science on Grades
in College Chemistry", School Science and Mathematics, 32: 911­
3, 1932. '

~e ~number of' units of high school science a student has

taken is of less importance for his success in chemistry at I

New Mexico State Teachers College than are some other factors,

notably intelligence.

86 Westland, E. H., "How to Get a Closer Relationship between
the Chemistry of the High School and College", School Science
andMa thema tics, 26: 44-40, 1926.

Questionnaires sent to eight out of twenty universities

and colleges revealed concerning the relationship between the

chemistry of the high school and college that: colleges are

recognizing the work that is being done in high school chem­

istry. A closer relationship means that thorough methods of

presenting the subject to high school students must be developed

so that they will have learned to think and know the true

meaning of chemistry and its application.

8? Whitton, Emma, "Science in South Carolina High Schools",
~ournal of Chemical Education, 11:578-479, Oct. 1934.

Information was got from the State Department of Education,

reports' of county superintendents of education, and of super­

intendents ~d teachers of indiVidual schools. The writer is

forced to draw the conclusion that South Carolina is far behind

in the teaching of science in her high schools, and that one of

the most crying needs of the education system of the state is

a greater emphasis upon science, scientific equipment, and
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especially prep~red teachers.

-88 Zeismer, Gustave, "Academic and- Professional Training
of ScienCe Teachers in Wisconain",School Science ~ N~th­
ema tic's, 29 :931-:42,1929 -

Information from questionnaires sent to the teachers 01

science in Wisconsin indicated that science teachers, in general,

do not pursue professional courses to any great extent beyond

standard requirements.

',-
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