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THE STAYUC (7 INSTRUCTICE IN CHEMISTRY IR IFUNTANA
CHAPTER I
IKTRCIUCTICON

Alms and Objlectives of the inveatigation. During the

past six yesrs the Division of Chemical Zducation of the
American Chemissl Soslety thru its offieial publicstion,
Journal of Chemieal Eduostion, has encoursged and, in a few
instances, hss sponsored attemptas to determine thru question-
naires and other means the status of edusation in high school
chemistry. DLight such investigations have been reported in
this journel.l States im the East, Mddlewest, Southwest,
and on the Paeific Coast have béen surveyed. As far as the
writer i{s aware such an investigation has not been made for
any of the Rooky Mountain States. This is desirsdle, cnd
henoe is the purpose of this investigatlon.

Speoifioally, the aims snd objectives are as follows:

1. Tc gather a more comprehesnsive body of data than has
bean previocusly availadle om the status of instruetiocn in
chemistry in the state of lontana.

Ze 70 tsobulate, anslyze and report these data,

3e To make comparisons with suck data as is svailsble.

4. To lay a foundation of faota that may point to the
desiradllity of studylng more Iintensively certsin -heses of
inatruction in ehemistry in Yontana,

6. To 4raw suoh oonoclusions snd make suok suggestions
as sesm warranted by the facts presented.

1. See biﬁlibgraﬁhy.
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6. To make availsdle to the educstionsl Journsls of the
states of Montan: and YMeveds, and to the Journal of Chemical
Edupation a report of thes findings and conclusions of the in-
veatigation.

The Investigation is General in Fature, The letterc and

the questionnaire circulated dy the writer will be found re-
produvoed in appendix B, Inspection will show the gquestion-
naire to be general in nature. Considersdle thought was
given at the timec tre investigation was decided upon whether
a general survey or 2 more ntensive study of a narrower
field would be the nmore deairadle., The genersl investiga-
tion was chosen beocause, (a) it was felt thot if the general
status were not known the meaning of the findings in the
narrower field would lose muoh of their signifioance; (b) no
comparative data would be availadble as the more intsnzive
studiea of the status of inatrucstion in chenistiry have not
yet beaen undertaken; (¢! those who were sonsulted !n the mat-
ter -~ persons acqusinted with eduosticnel matters in ile
state - advised that there was greazter need for tlc ~erepal
study.

The Phascs Chogsen for Investipation. Uron annlysls the

problem presented a number of dlfferent :lLeses., Theme are
listed below:
l. Administrative restricticns lsced upon enrcllment.

2. Teacher qualifiesticns throuch edusaticn and ex-
perience.

3. The extent to which students enroll in chemistry and
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the progress they make.

4. The general method of carrying on class work.

5. Efforts made to make chemistry more interesting (and
valuadle) through other means than the study of the text
book.

6. The looal interests thet would sid in the motivation
of the aubjeot.

7. The efforts made by the tezcher to meet recogsnized
standards.

8. The extent to whioh the genersl aims =2nd purposes as
outlined by the Committee cn Reorganization of Soience in
Seeondary Sehools are schieved.

9. Ladoratory equipment avalloble.

10. The values derived from lsboratory work.
1l. Coat of instruction in chemistry.

12. Achievement of students as measured by tests, final
grades, success in ccllege schemistry, eto.

13. Kethods of testing for sohievement.
14. A detsiled study of library facllities,
16. Suggestions for improvement of instruction.

16. A determination of the smount of permanent snd re-
placeadle equipment in laboratory and clasarcom.

#ith this outline of possidle phases for investigation
numsrous gquestions were formulated for esch phsse. In sall,
these amounted to adout 250 in number. Jelection was then
Bade of those phases and questions that seemed most promis-
ing from the standpoint of imporiance of Informstion sought,
objeotivity, and ease of answerins. 4s 8 result of this

golection the firat ten phases of the problem, as outlined

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



o
above, ware retained, and 62 of the originsl 250 questlicns.
Homever, many of the zuesticns asked were made up of two cor
more iltems that required an answer so that 1f all of the in-

formation requested was given about 110 answers were nade.

Validity and Reliabdility of the .uesticnnaire. (nly an
estimate oan be given ss to the validity oand reliability of
the gquestionnalire, 3Sefore formulating the guestions = close
etudy was made of the following sources: {(a) Course of
Study in Sclence for Montana High Sohools (1928); (b) Reor-
ganigation of Science in Secondary Sohools, Bureau of Zduca~
tion Bulletin, Yo. 26; and, {o) the questionnsires sirculat-
ed in previous siudieszs and reproduocd in the Journal of
Chemiosl fducation. In addition to ihe atove sources the
following books on the teaching of solence and curriculum
songtrustion were consulted:

Smith and Iioll, The Teaching of Chenmistry and ?hysiosz

Twiss, Irinciples of Science feaching

woodhull, Trhe Teaching of Seienog

Bobbitt, The Curriculun

Charters, Curriocunlum Conatrustion
To the extent that the opinicns of the above authorities are
valid as to what i{g fundamentul and desirable in the tesch-
ing of ohemistry, and of the writer's abllity to choose fronm

these opinions, the guestionnaire may be considered valid.

Z. Consult the biblliograohy for publlisbiers snd dotes of
these dooks.
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A mors cobjeotlive answer may be given with regard to
the reliadility of the guestions asked. Upon snalysis 1t is
found that of the 62 questions asked, 9 require approxinma-
tiona; 31 are distinotly and wholly objlective; 9 ask for an
opinion based upon the best Jjudgment of the tescher; 1I are
objective in nature dut might involve ccnsiderable error in
answering. 7The large number of questions asked is a factor
in favor of increasing reliasbility. 4dded to this is the
faot that oonolusions are drawn from groups where the small-
est number of schools 1s five (first clssa distriet schools).
A recent bulletind® imsued by the National Zdueation
Aanoaiatioh srovides eriterisa by which the validity 2and re-
118114ty of quesiionnaires may be determined. The first
eriterion states that "The sonsclusions bssed upon the ques-
tionnalire blenks are seldom final and hence make little if
any contridbution to eduoatlionsl advance,” This eriterion
does not affest greatly the validity of this study ss finsl-
ity 18 in no way claimed. The primary purpose of this study
is thzt of exploration and providing a basiz upon which
other studies of a final nature may be bzmed, Criterion
nunber two states "That the respondents to a questionnaire
may not be a random sampling of those addressed.” In a dis-
cussion of thia oriterion the dbulletin states:
3. These oriteria were takXen Irom lesearch BJulletin of Talon-

:lsgducation Asgoclation, Vol, VIII, No. 1, p. 9, Jan.,
930.
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"Ob%tetm appraissls of thia facltor « «
mggest tiat the danger of a selected response has
besn over9stimated. Until evidence to the contra-

Py in fortheoming, 1t secms reasonable to conolude

that this faotor is probadly not declgive in af-

Teoting the results of the typleal guesticnnaire,

partienlarly 1f s reply of more than fifty perscent

is received."

Sinoe the reaponse th the questionnaire waus over fifty
peresent, representing mors than sixty perocont of the stn-
dents in sohools teaching chemistry for this year, it is
thoaght that the sampling wos a ranfiom eme, Criterion three
states that, "Respondents t0 & guestionnaire cousciously or
aneonsciously nodify their replies to give the investigator
whet he wantas.” If the adove is true with rsspect to this
questionngire then 1t is very auch in its favor., whut the
writer tried to get was faots. In formulating the questions
every offort was rade to avoid anything thet night indicate
his own point of view, Criterion four states that, "Care-
lessnesns in reporting and difficulty in securingz information
requested invalidates the stuly.” Undouhtedly this criti-
sism applies to this investigation as it Goces to every study
of {ts nature, The amount that this tendency wonld vitiate
the results can not be estimnted easily. There is evidence
in & few onses that the respondents did not give a great
deal of thought to the answers mnde, Howexer, in this in-
vostigation, s stated adbove, smull Alfferences are not sig-
aifieant, and extreme nicely in original data 18 not essen-

$fa)l. It is the opinicn of the writor thot in most cases
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the answers were sincerely and occnsolentiocusly given, and
that the teschers felt they were msking a sountridution to
the advanoement of teschiag in this state.

Sources of the Data. The sources of the data upon

which this report ias made are as follows:

l. The responses to a questionnaire maliled tc¢ the prin-
cipalsg of the high sohools of Mcuntana snd Levads that were
teaching sheamistry durin-s the sehool yesr 1928-29,

"2« The files of the State Depariment of Tublic Instrue-~
tion at Helena, lcntana.

3o Fdusationsl directories of the state of Y¥ontana for
gohool years 1927-28, and 1928-29.

4. Journal of Chemiesl Zdueation, General Selence uar-
terly, School 3oience and Y-thematles, and other periocdl-
oala oontalininz comparative data,

Regponse to . uastionnaire. Resjonses were received

from all of the high schools of the first olass distriots
oxcept Butte High Sohool. C(nly one third of the third class
dlstrioctzs reaponded. Considering al)l of the schoocls of the
state teaching sherlatry in Hontans for the ashool year
192:=-23, fifty ercent of the schools answered ihe juestion-
naire. These schools represent sixiy percent of the enroll-
ment of those schools tesshing chemistry., Data showing to
what extent the questionnaire was snswered 1s presented in

the table on the following page.
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Table I. ‘Extent to “hioh wuestionnaire .&s inswered.

0l the % of the en-
Rumber gchools rollment of
in this schools in
of division this divi-~
teaching sion teach-
Sghools chemistry ine chemigtry
First olass distriots 5 83 ?5.
Seoond olass district:= 17 53 65
T™ird oclass districts 11 33 33
County high schools 9 60 70

Total - all divisions 42 50 60
iI complete 118t of schools will Gte found In &ppendix & -

master tadulation.

Method of Presenting the Data. For the most part the

da‘a will be presented in the form of a series of tables pre-
oeded or followed by a disoussion evaluating and explaining
their signifiocance in 1light of comparative data available.
In every case the data for MHontana may be compared to that
of Hevada sinoe the questionnaire was ciroculated in both
states, |

For the purpose of tabulation the Xontana schools are
frequently di{vided into the Bame administrative units as
those used by the State Department of Tublic Instruotion,
that fa: (a) first class diastriots, or those having a popu-
lation of eight thousend or more; (b) mecond olass districts,
or those having a population of one thousand and less than
eight thousand, excepting those districts that are incorpor-
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ated as gounty high schools; (o) eounty high sohools; (d)
third olass distriets or those having a population of less
than one thousand. In practicsally every oase data for these
divisions will be grouped and oonaidered as & whole for that
group. In sochools of the first oclass one excsption was made
t0 the adove olasasification, that in the case of Missoula
County Eigh School. In slmost every respect this school more
closely resemdles a city school aystem that a eounty school.

In order to preserve the original data a masier tabula-
tion haa been prepared of all data eollected through the
questionnaire. This will be found in appendix A,

T™his report ia divided into seven chaspters. The first
chapter deals with the introducstion, chapter two with adnmin-
fetrative practices and enrollment, chapter three with the
outoomes of instruction, chapter four with qualifioztions of
toaohera, shapter five with utilization of class period,
cshapter six with laboratory equipment and practices, and
ohapter seven with a final dlscussion and general summary of
é;tnlts. together with suggesilions and recommendations for
improvement of inatruotion.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER II
ADNIBISTRATIVE PRACYICES - ERROLLMERT

Extent to ¥hich Chemistry 1s & 2squired Subject. Dets

on this polnt are available from two sources, (a) the reports
of the prinoipals »f Montans High Schoola to tne High Schocl
Superviscr,? (v) the questionnaire ciroulated by the writer.d
For the reason that the data from the two sources show con-
siderable difference both are given hare.

Table 1I. Extent to “hich Chemistry is a Required
Subjeet in Montana Eigh JSchools,

Renorts to Eipgh Sohool Supervisor.

"Ro. of sohools tercent
Chemlstry eleciive 61 .
Chemistry required 12 1544
Cremlstry required or elective 5 6.4

Extent to :hioh Chemistry is s Required
Subject in Hontans Ligh lchools,

Questionnaire Results.
No. of Bchools Tercent

Hequlred In sclentifle
sourse, elective in others 15

Yequlred for rreduation - Vel
Hequ.red TOF 0OLlereé DreD,. 1
Required of all exoege commer, 1 -
F-

ective In all courses 47 .4

Sinse the enrollment of students in the solentific
eourse will not be a very large percentage of the total en~
rollment for that school, 1t is likely that the principals

n ‘ublio Instrucilon ligh School Report,
~ Part B, (1928-1929)
5. See question 8 of guestionnalre--Appendix B,
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in schools where chemistry 1s required in the sclentifie
course would designate 1t as eleotive im the repors to the
Iizh School Supervisore Asswaing this to bo true and add~
ing those schools to those in which chemistry is entirely
eloctive it 1s found that asbouts 85 percent of the schools
answering the guestionnalire would mp&rt chemistry elactive
to ths High School Suporvisore This percentage is fairly
¢lose to thak obtained rmh the principals' reporize

Comparative dat: are available to show to what extent
chemistry 1s required in several other states, This is
shown in Table IIl.

Teble IIXI. Extent $o Which Chemistry is Hequired in
Other Sections of the United States,

Chemistry Chomi 8Ly Fow
Purely Elective quired in
Some or Al
- , Course
Hoe OF Noe ©
ot Schools , Sehool
Zlsconsin SurveyS R 8 7 e 2308
Surve "ta Op-el? 7 RN 4 7
] : o Q @ 209 :
' Hebraska survey® . 7540 25
To 0 v ays (&) 7 7
%af Loes nob ;an%ude Hebraska Lurveye
Be LehehOgoT8, A OUTVEy Of Chemistry leaocning in '

of econdar
tehools, Journal of Chemical sduoavion 6:11749, |
Be lie Le Powers, Femort of Chemistry Survevye. S&chool Science
and Mathematies LO: s> 49
9+ Be Clifrord Hondricks and John S, Chambers, Chomistry
Teaching in Nebraska, School Selience and Kathumat e%zgg}iao
929
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It 18 apparent that chemistry is a required zubjeot 1in
Montana to about the same extent thet 1t is in other states.
In Montana it is required fcr graduation i{n only a few schools,
{See Table II). Trese schools have s srmell enrollment.

The Hamber of -ohools Teaching Chemistry in i‘ontana.

Since 6heaistry is not regquired for gradustion to any great
extent in Hontana High Schools 1t will be of interest to know
to what extent chemiatry is offered in these schoole, Very
complete information was obtained from the reports made by
the principals tc the Eigh School Supervisor, and from the
edusational direstory for the school year 1928-29,10 This
inforantion has been tabulated and pressnted in Tadle IV.

Table IV, Number and rercent of Schools Teaching
Chenmintry.

1st  2nd Srd . TCo.
Class Class Class High Totals
Digt, Dist., Dist. Sohls,

ish Conools In ctate [ 54 113 19
EI%E Sehools teaching - »

gchenizt 6 42 44 16 108
TOrcent teachlns chema . Lo0 . 70 o7 B4 345
“¥Udes not Inolule Klssouls Lounty Rign Sehool

The following faots are of primary importance in Teble
IV:
(a) 411 first class distrist high schools teach chemistry.

{v) Only 37 percent, or about one in three, of the third
class district high sehoolz teach chemistry.

10. ¥ontana Zducational Ulreotory, 1920-20. rPubllshed Dy

g::;: Superintendent of Pudliec Instruction, (Heleng,
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{s) Considering all schools, 54 percent, or sdbout one
in two, teach chemlatry.

(4) A1l but three county high schools teach chenlatry.
These schools were small schools having enrollments of 75,
81 and 116.

A simple esloulation shows that 41 percent of all the
sehools tsaching chemistry are the smaller third class dis-
triot sshools: however, it oan be seen from the table that
chemiatry is not 2 subjeot commonly found in thease schools
gince only 37 percent teach the zudjeet,

To Show to #het Extent “chools in (ther States Teach

Chemigtry. Comparative data 1s svailable in two cases. In
the Nebdraska Snrveyll it is found that 23.7 percent cof the
sohools of the state offer chemistry; in the Cregon Surveyl?
it is found that 42 percent of the schools teach chemistry.
In these gtates, as in ilontana, the small high school 1is
characteristic., If 1t 1s desirable thst 2 large percentage
of thc sohoclz of a state teach chemistry then it may be con-
eluded that Zontana, with 54 persent, is considerably ahesd
of two neighboring states in this respect.

Extent to iWhish Students fnroll in Chemistry. The per-

oentage of the total enrollment takings chemistiry is another
measure ¢f the effort made by the schools of the state %o
teach the subjeot. Onoe more the reports of the principalsl®

IT. Rend>rIck and Chambers, oe. 8it,, p. 13G.

12. A, Swartz, 4 Survey of Chemlsfry Course in the Cregon
E Sehools, Journal of Chemical .qucation, S:ﬁfg (1926).

13. ment of rublie Instruction, Hish Gchool Henort -
Part B. (1928-23),
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provide very complete data, This has been tabulated in

Table V.

Table V. HNumber and Percent of Studenis Enrolied in
Chemistry in Montana, 1928=29,.

1st  2nd  3drd | Co.
Class Class Class RHigh Total

- Dist, Dist, Dist, Sehls,
“Total number of stu-

dente enrolled in dis, 5700 6857 4671 5159 23,352
udengs 1led in 637 ‘567 88 404 974
chemistry 5 ]
rercent of total en=
rollment (all schools)

ta%gg chenistry 11,2 8,3 7,9 7.8 8,5
a} Percent of the en- .

roliment of those

schools teaching chen=

5a$ as shown by the questionnaire, see Gable I, Appendix €
for original tabulation. ‘

In Table V it should be noted:

1. That about 8.5 percent of all Montama high school
atudents tske chemistry.

3. That 10,7 percent of those who have the opportunity
take chenmisiry.

3. That a largew pereent of students in first class
distriot sohools take chemistry than in any of the others.

4. That a surprisingly large percentacse of studunts in
seoond and third class district schools that are teaching
ehemistry ere enrclled (12,6 end 17.05 ro-nectively).

The fact prosented in four above oun be exriained in

light of the data presented in Table VI,
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Table VI, Schoole Teashing Chemistry Fvery Year and
Alternate Years.

1at Znd ard o
Class Class Class High 111
Dist, Dist. Dist. Sehls. =chls,

“Yumber of schools veach~

in chenist & 42 44 16 108
Schools feacﬁ§ng chenlis~ .
try eve ar 8 18 6 15 45
Cohools Eeaeging chenlis~-
trx<alternate Jears [+) 24 =8 1 63
0 61 @chools teaching .
in alternate years - 10 27 1 38
teachins in 1328-29
“Yo. of schools teaching

in elternate years thet =~ - 14 11 O 25
tanght in 192?-28 '

In second end third class diatriets the sommon praetioce
is to teach chemistry in alternate yesrs, For exzmple, in
1928~29 only 18 of the 42 seoond class dlstriot achools, and
6 of the 33 third class distrist schools teaching chemistry,
teach it overj year. The remainder tesch it 1n alternate
yoars. ZFrom Table VI it ocan be geen that 10 of the former
sochools and 27 of the latter have in their classes for 1928-
23 studenta for two years, and since only those schools ac~
tually teaching chemistiry were considered in calculating the
peroentage, it naturally would be large.

’ Tadle V shows that 366 students are enrolled in chemis-
.try in third class district schools. This i3 an unusually
large number because 27 of the 38 schools of this group
teaching chemistry in alternate years are tesshing in 1928-23.
In eonsidering enrollment of these schools this must be kept
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in mind,
Consideradle aomparative data are avalladle with which
the persent of enrollment in Hontana may be compsred. This

is glven in Tadble VII.

Tadle VII. Compsrative Date to Chow Terscentagce of
Enrollment in Chemistiry.

= of to- » of enroll-

tal ment those
Souraes of Data school schools
enrgll« teaogigg
nen chemin
“Yontana 8.0 10,7

Yislon on w. O?i m.s, slde mlmc 39.,

{1928 report) 10.15
vislon 1a lhem. Ld., im, Chem. 50.,

1929 repcrt)ld 10,67
55{. o071 U.5, Bureau of Lducs A1328) Ted -
RODrasyia ourvey in ohemsls 1% T oo

e N0a «Se DUPEAU OF Sd, (1024]  Te0

"wisconain wurveyl? 10,2
wulnquennial cuUrvey Of Hebehell 8,8
UaII%orﬂIa*Survqyl —10.7

The number of students enrolled in chemisiry in llontana

is olose to that for the ocuntry as a whole,

T4, Tonnittee oo Chemloal <duceatlon Of anmerioan chemloal so-

ciety, Order of Precedence of lLsboratory lork and Reeita-
tidn, Journal ol Chemiocal sducaticn, 3:%53!11925[.

15, Tomnittee on Chemical Eduostion of American Chemiscal So-

- olety, Professional 3pirit Amones Hish School Teachers,

| Journsl of whemlcai E&uaat!on, %:Iﬁ&% {June, 19307,

16 Hendrioks and Chambers, op. ¢1%., page 140,

17. Rogers, op. ait., 1416.

18. 1925 Quinquennial Study by Xorth Central issociation of
Colleges and Secondary Schools, published under title,

Cur Sesondery Sohools, by Calvin O, Davis, p. 47,
19, TITzabetih L. fIEEop, "The Status of Science in California

Hirh School Programs of Studles, Haster's thesis [19:4]
unpu 8 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-] -
Perhaps & better nemsure of the effort made by lontana
high sohools to instruct thelr students in chemisiry is to
determine to what extent Jjuniors and seniors are enrolled in
chemistyy. Questions 2 and 24 of the questlonnaire were
asked t0 provids data to make these ealoulations,&0
Table VIII 1s a tadulestion ¢of the responses,

Tadble VIII. ZExtent to Fhich Junior? ?nd Sen'ors
Register in Chemistry.\2

duniors tak~ oenlors tak—~ +r8. &nd ors.

ins chen. iag_chen. taxin~ chen,
140e i KO, j;
Yel Claes Diet8. oo .»,%I 2‘5”"‘"29.6 411 Dot
2nd Class Iists, 176 173 37.8 =81 37.%
Tard vilans uists. J 41"'2 59 4.1 118 81,1
oun% iica ii; 4 Y [ % Lty

als BOT . to.b MQ 204

& takxen Irom orig a on, «avle I, aAppendix U,

From this usble it ma; be gouncluded th ¢ in those schools
in which cheniatry is taught threae of every ten junfiors and
seniors take ohemisiry, and thet In first olass distriets
and county high gchools cne in ever; four tzie chenistry.

The unususlly large percentage of Juniors snd seniors in
sscond and third ecless distriots takinr chemistry oan e ex-
plained as was done on page /J to account Tor large enrollncnt
in chemiatry for these schools.

Data were not avallsble by whioch it co.1d be czlculsted
what percentage of the total Junior snd senlor enrollment in
sooond and third elass dfatriots take chemistry. .ithin the

ZD. See quectionnalre, Appondix B.
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1imits of the information svailadle 1t may be stated that
juniora and seniors are enrolled in chemisiry in about the
ratio of 2.7:10. It is saked if this is not a smell percent-
age? Comparative data are deairstle on this point, snd are
given in Tadble IX,

T™is information was obisined from quinguennisl report
of North Centrsl Assosiation, jsges 2¢ and 76.%78 It 1s
assumed that there were no sophomores enroclled in echenistry.
¥hile this 18 not true the number of sophomores enrclled in
chenistry would be smsll and would not change the resulis

. materially.

Table IX. Juniors and leniers finrolled in Chemistry
in Horth Central issoolation.

N 11 2.0 4.
Ionts. ¥Ho. Zana, Nebdr. 3Schools
BOys anrolied in chem. 549 1939 1170 733 23.60h
ria " " B0 Libs 1a:8 Lol LD, b4l
~==r5tal 500 3162 2008 1350 59 4T

“Bumber of er, & Sls
doys 1928 7794 7069 4589 127,850
Of oFs & OF. FITB

“N0. 76 608 B2
- loLals 4254 16503 19781 108068 276,530
8

a
%9 DO takingz chem, 20e b 2heb 1044 170 5373
) 4.5 13"3""10. DD Tl 7.2

"2;ﬁ£§3€319 gkﬁﬁf :

e 1o.D 210
I% will be cltserved from Tadle IX that:

(1) ¥ontans has a larger percent of 1ts Juniors and
genlors enrolled in chenmist$ry than ceriain other states of
the assoeistion,

{2) The enrollment 1s 0.6 peroent less than the average

ZWa. U, B, Davis, «ulnguennial Report, Op. clt., T4, 57.

—-‘——.—-—-.—-—.'
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of all schools in the sasociation,

{3) The enrollment of boys is 2./ percent more than the
averace for the association, but that for girls 2.4 percent

less.
dhy 1s Fot Chemistry lore Generally Taken by Juniors

and 3enlora in High Sehool? Certalnly there are few subjects

of greater worth in the high school ocurrioulum. It i{s valus-
ble beoause of its bearings on our everyday life in the home
and the community, in health and in Iindustry, In tis training
valuc a3 & sochool subjeo!t and, by no means the least in im-
portance, the avooationsl interssts, cultural values and
pleasurable use of leisure time that result from a knowledge
of chemistry mven such as that learncd in high sotiool. Cer-
Sainly much has been written and sanld as $o the merit of
chemiatry ss a achool sublect. This osn be determined by
reading books on the cconstruetion of the curriculum for high
sohoolz, scientific magazines, or even current periodiesls,
Might not the small enrollment in chemistry be due to factors
in the sechool organizatlion that can be determined” Do admin-
istrators discourage students registering in chemistry? Do
they ensoursge them? ihat is the attitude of the te:chera
toward increased enrcllment? Is there a tendency on the

part of teachers and principsls to place a taboo on the sub-
Jeot by giving the impression that the sudjeot iz diffiocult,
requires exceptional ability, or that it is dirty and ressy"
Is there a tendency to a great deal of terlk in an effort to
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"sgare out” weaker students so that the "sitandards of the
departmsnt may be maintained”? These questions - others
eould be asked - are resulta of the observations and experi-
ences of the writesr as a teacher of chemistry. Certainly he
has been gulliy of many of these artiflees %o have only good
students enroll in hie olasses. Something of this may have
dietated the wording of questions 6 and 7 of the cuestionnaire.
1% is resognized now that the suesticnnalre would have been
muoh mors unblased 1f an additlonal question hed teen zsked:
What efforts do you make to increase enrollment in chemistry?

wualifications Hequired for Znrollment in Chemistiry.

Questions 4, 5, 6, and 7 of the guestionnaire were formulated
to obtajin date by whioh this could te determined. That 1t is
desiradble to have =zome sclenece training previous to tsking
chenistry 1s wpll substantiated by the statements of those
qualified to pamss judgment, The Revision Committec of the
Cormittee of Chemiocel Edueation of the -merican Chemical So-
cictyzi "an%ioipates that teachers will encourage placement
of chemisiry in third and fourth yesr of hish sshool after the
students have had a year of genersl science and of blologilcal
soience or ;hyslos, or both.” In the course of Study in Sei-~

ense for lontana High Sochools, pase teny2it i{s recommended:

ZI. Jee report of Ihis commlitee, Journsl of Chemlosl .duca-
tion, 4:642 (May 1927).
&2, Prepared and issued under the direction of the State De~
g;:tusnt of Public Instruction (1928) published by The
bune Printing Co., Grest Falls.
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"In view of the importance of science study
that at least cne, and preferadly two, units of
eredit in sofense bte required for graduction.
Partly for this reason, but principally because of
the inherent value of genersl sclence study the
recomaendation here made that all iontana high
school pupils be required to complete one year's
work in general science in the ninth or at latest
in the tenth grade.”

In 1ight of theae strong recommendations conditions,as
found in Montana with reapeot to requiring genersl science
as a prerequisite to tsking chemisiry becédme nore slgnificant.

Table . Sochools Requiring Ceneral Science for
Enrollment in Chemistry.

Yes RO

“FIrst class district schools 1 &
Seoond 0la83 district 8chools 7 10
T elass A18trics SChooOLSs 8 N

oun 1gh SehooLs > 4

Yotals 19 oL

Schools not answering, 2.

The results indlcate that where the number of electicns 1s
large (in the larger achools) that general sclence is not
required as preparation for the more advanced sciences ~ for
example, chemistry. There are more schools that require
geharal science for enrollment in chemistry than there are
achools that do not require it.
To a teacher experienced in teaching chemistry the de-

8irability of at least one year's instruction in science bte-
. fore taking chemistry is not questioned. Haturally, the

preferred soience is physics, but not muoh less desirstle is
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a year's instruotion in genersl selence. Ihe amount of
chemistry taught in genersl sclence is not the important
factor in this preparation, dut rather the development of
solentific attitude and appreciation of gsolentific methods.
Cther desirable outcomes of this preparstory course are,
{a) something of general technigue in laboratory manipula-
tion, although the ocourse may be taught mostly be teacher
demonstrations; (b) a distinct reslization on the part of
the student of whether his interest and enthusiasm is such
that he wishes to continuse in 2 more difficult sciznce;
(o) an appreciation, and in many ocases the development of
considerable adllity, to apply the methods of problem solving
and rational thinking.

The writer 1a thoroughly of the opinion that the stu-
dents of the sescord and third olass distriet schools, where
goenersl solence is required to & consideradle extent, will
meke better progress in chemistry than those in the other
groups if other factors are equel. It is realized th-t in
schools where there 1a not a rule rejuiring preparation in
some solience previous to taking chemlatry, that many of the
students will zet get this pruparation,aéd that 1f the larger
systems were to have such a rule it would mean the hampering
of the flexibility of the ourrioulum which 18 so desirasdle;
yoet the importance of this freshman solence 1s such thst in

order to prevent the chance of it beings omitted by leaving
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1t eleotive, a oourse in genersl science should be required
of all.
The guestion of whioh sublect should preceds, physion
or chemistry, when both will be taken by the student, is still

debated with little evidence of an objective nature to guide

in makinr a specific recommendation. In giving their opin-
ions not infrequently teschers and eduestional authorities
are swayed to favor plasin- *hat sudject in the senior year
in which they have been primarily interested or of whioh
they know most, There i1s a &istinot need to make a study of
the 4ifficulty of the subject matter cf the two soiences as
taught in high sohool. 3ome effort has bdecn made in recent
years to determine more closely the methods, aims, and ob-
Jestives of instruction in ohemistry from a psyshologieal
point of view,=3

The attitude of the State Department of “ducation on
this debated guestion is shown by the gquotation whish fol-
lows, taken from the Course of Stuly in Solences: %4

"Since the large majority of iontana Iigh
Schools are to be classed as of medium of small

size, it is recommended here that the first{ sciences
introduced be general sclence, biology, chemistry,

23. Kax O, Englenart, A ?szchéfgﬁfeanaais for Cb[eotivea,
Journal of Chemiocal Lducation,
?ro:n E; A.i agg B:w:rs, a.ha.i Pa;phdlggx Underlxgﬁf
nstruction in Cremistry, 3chool SDclence and iathematios
3716721, + '
Xell ¥, Cordon, Application of Zdusational Pavechology to
Chemioal Edusation, Sohool oelence and Lathematios, %i:

24, Course of Study in Solences, op, e¢it,, p. 10.
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and physics, the sequensce by high school grades
may well be as given above, Nof infregquently, how-
ever, rhyslcs is given before chemistiry; in small
sohools, however, it is resommended that physics
and chemistry be combined in eleventh and twelfth
grade olasses, and that these subjeoils be alterna-
ted by years. . . "

Making a somewhat different recommendation 1sa the oom—
mittee on Chemiosl Education of the American Chemioal Jooli-
ety28 that "chemistry be taught the fourth year following
physics.”

In Table XI the practices in Montanas are tabulated with
that of other seotions of the ccuntry s¢ that comparisons
may be made.

Table XI. To Show in hat Years Eigh School Chemistry

is Taught.
- 11 year 1l-1° year 1z YeAr
: o ) % 0e i Oe yod Qe y
Tontana~0 (a7 7 18 20 DL 12 ;f
Tall¥fornla~! T3 5L 118 42 16 5.7
) ee o emlcal idu~ ,
cation report (1928)28 15 24 26 39,7 23 36.5
S, H. Powers uurvey 47 91 49 32,5 55 Bb.4
“Rebrasxa - ) -~ 43 -

(a} Any distinot tendenoy waa laken here as the measure.
of what year chemistry was taucht.

Four facts stand out from Tadle XI,

25. Committee of Chemloal Aduoatlion of ~merloan Chemical
Sooiety, Correlation of High School and College Chemis-
;ga? Journal of Chemlcal =duoaiion, G:642, Iﬁgy, 13277.

a obtained by tsbulaticn of responses to question 16
of questionnaire. 35ee nmaster tabulation, ippendix 5,
27. BilhOp, 02. Oit-, Pe 26.
28, Committee report, op. clt., p. 130.

p. 8i4

29. Powers, op, cit., .
30. Eendrioks and Chambers, op. cit., p. 140.
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1. In more than onse-half of the ilontana schools chemis-
try is taught to classez made up of about equal numbers of
Juniors and senlors.

2. In a third of the sohools, olasses are made up pri-
marily of seniors. In thies respect Montans Iis in rziher
olose agreement with results obtalned in two other surveys.

3. In a somparatively few schools (only seven) chomistry
is taunght to olasses ocompomed mostly of Juniors,

4. If required to classify chemistry as a Junior or
sanior sudbject the more correct answer would be senior sub-
ect. The extent to whioh thi= &8 true is Indicsted in
adle VIII where 1t is ceen thet &07 jJjuniors and 615 seniors
were taking chemistry in 1928-29,

In only a few sshools in Montana 1s there s rule (ad-
ministrative) thet ochemistry must precede physlica or vice
versa., In answer %o guesiion 5 of questionnaire only one
achool indicated that ohemiatry must precede physles, and
thwee that physlos must preccde chemistiry.

Efforts ilade to Direot itudents in Inrollin-s in Chemis~

try. In a previous paragraph (page 19 s series of gquestions
wag asked, answers to which would indicste the attitude of
teachers and sdministrators towards chemistry a2 a school
subjest., Anawers to these cguestiocns cannot be made in every
case, and with the finality that {s desirabls, but g tsbula-
tion anl interpretation of the answers to question 5 of the
questionnaire may shed some licht. Table “XIleleseifics the

responses.
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Tadle XII. Extent to ihieh Studentz Are Advised in
Registering for Chemliatry.

8) LOe Of BONROOLS 10 WHICK NO 6110PL I8 MAQE wmwmm=me= - 2D
D] Faxe no effort = poor sfn&onfa 40 NOL L0LQ meeeewe=
0] wnly waen éIhasea BrQ fULL “weceececeeeoaneeecaeeaeeve ]
Y v 86 weat students no. L0 LAKe 1t : 4
) CADALLO BLUAGENLS DOIMLILLEA L0 GNPOLL wewewemew 8
1T Eus¥ fave permigsion o% tesoner 1
(7] Hequired of all Juniors or seniors z
h}] Answer vasue = - - e m————— L
NOL, AnBWering -- - - -3

In twenty-seven schools (a, b, and ¢ stove) no recog-
nized effort 1s made. In six schools an effort is made at
guidanoe. Ctherz ocannot be olssaiflied exeept thai nc oon~
sclous effort is made., There i1s but one way to interpret
the data., Instead of too careful selestion snd too much
slinination to regulate the size of enrollment, Jlusi exactly
the opposite tendency seems to Ye true. Uireotion and guld-
ancoe are at & minimum; efforta %o lrorease enthusinam in,
and intereat for the coursze prodably are prosent to aboud
the same extent., It seems to be protiy muoh & matier of the
atudent taXing a chanoce, prejudiced by the roporis he has
had of chsmistry from othera. (r serhaps e !s gulded by
the reguirements of the school, or by & desire to be better
prepared to carry sone course that he plsns %o take in so0l-
lege. Certainly muwoh lost motion and effioclonor must result
from such a system,

Tests are svallsble for prediotins performsnce in the
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chemistry.3l While not infallidle these tests sre certainly
more reliadtle than the opinions of the prineinpels, teschers,
or stulents as to what suoccess may be had in the course. In
not 8 8ingle response toc the questionnalre was mentlon made
of any such objeotive measure to determine aptitude for the
study of ochemistry. One teacher made selectlion c¢n the basis
of part sucaess in athematica. OSone mnowledge of the in-
dustyry and application of the student in past work, meniel
ability, and natursl bents - all of which it is within the
powers of tescher and principal %to observe - would be help-
ful in advising students to enrcll in chemistry. 3ut even
this, apparently, i2 not used as a basis for Judging in at
lesst 90 percent of the schools.

In one respect, however, there is very marked restriction
of enrollment, that in the matier of permitting sophomores
to enroll in chemistry. Cf the sshools answering question
6 of the guestionnalre, 36 will not permit sophomores to en-
rall under any coniition; 4 will permit !f students have
high I. <.'s and sre especially interested in the szudject.

Extent to ‘hioh Students Fall to llake iassings Grades

in Chemistry. In Table XII) the responses for the separste

schools to question 24, 25, and 26 of the questionnaire have

3I. Yowa TIacement series: Chemistry .ptitude, CA-1, .evisead,
Form A snd 3, See:
Geo. D, Stoddard, Iowa Placement Ixaminstion, University
of Iowa, Studles In tduoation, Vol. 111, RHo. 2, (1925):
103 pages,
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Table ST 277
Tg%éh/ff, Numberand Percenlof Juniors and

Sentors Enrolling in Chemistry
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been tabulated. In the first column of this tadble is given
the numder of the school as numtered in the master tabula-~
tion - Appendix A, The total number enrolled is taken as
the number enrolled at the end of two weeks rather than the
largest numder enrolled because considersble transferring
and dropping is done iIn this period of time. I{ was desired
$t0o know what enrollment could be considered permanent. It
was agsumed that any student dropping after this time dld so
deoause of the difficulty of the course, This may not corre-
spond to actual fsotz in all caases, but probadly the number
dropping for other reasons would be compcnsated for bty the
number of students entering late. The number of students
entering the second semester or the number falling the sec-
ond semsster was not asked for in the guestionnaire. It was
assumed that the difference between the net enrollment (after
two weeks) snd the number finishing the year (estimated by
the teacher) was the number failing for the year. It is ac-
knowledged that the data presented in Tsdle XII 1s not ex-
aot., It is belleved, however, that arrors introduced are
balanoing errors (arrors due to chance variation) and that
the final results sought may be considerei reliadble. In or-
der that the results of Table XII may be more easily under-
stood a recapitulation of the results 1s offered in Table
X1v.
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Table XIV, Reocapitulation of Table XII.

% fall~ &.2all- Lighest Lowess
ing 1st ing for S fail- % fall-

Sen, ear, inr, ing.
“18t class dlst, BONOOCLS 4.7 zI‘G"i . Beo
end class dlat, I T:‘?i 7-:5 1§0¢- m
) bl w . Iz.g &500 .. m—
Tounty Rlgh oohoo0ls 1.0 9.7 23 el ]
ALl Honiana B8CLOOLS 3;% 12.4 — - -
“Fevada 80LOOLS Be T 1549 27 0 0.0

Comparative data was found in one case, that of Eebraaka.32

In this esurvey it was reported that 10.6 percent of the stu-
dents enrolled fuiled the first semester.

In the matter of fallures lontana certainly makes &
good shewing. It is true that the percentage is but little
smaller than that for Hevada, but it is muoh better than that
for Redbrsska, Twelve and nine-tenths percent of failures
is considered a low rete of fallures in sub jects much lesa
difficult than chemistry, A4ttention is ealled to the as-
pecially fine showing made by lontana in rats of fsilures
the first semester. =ven tho the atudent doves not scconmplish
enough to be given oredlt for the course-if the student may
be held in the course for the year sone good must result
from the assoclaticn.

In the case of the first olass district schools the
percentage of failures 1s redatively high. ith schools
numbered 2, 3, and 4 (see Table XII ) this is especially
trus. Any explanation offered in the absencs of any eonorete
32. Hendrloks and Chambers, op, 0it., P. 130.
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knowledge can be nothing more than a conjecture. large
olasses and no effort at guidance or direction of the student
in enrolling in ohemistry, characterize these schools and
(probvably) has something to do with the large percentage of
fallures.

A rather large percentage of fallures is found in the
case of third olaszs district schools when compared to seoond
class d4istrict, and county high schools, C(noce more any ex-
planations ¢an be nothing more than conjectures, but it 1=
suggested that poorer equipment, smaller knowledge on the
part of the teescher in knowling how {0 handle slow students,
and poorer teaching through lack of Xnowledge of the subject
matter of chemistry may ac:ount for some of this difference.
48 will be shown in other parts of this report lack of
equipment, laok of teaching experlense, snd lack of prepara-
tion on the part of the teacher to teach chemistry character-
ize the third olass district schools.

Zvidence is at hand that not anly 1s the percentage of
fallures in chemistry amell in Montan=a but that sohievement
is high, Some 62 sehools in llontana participated in the
Every Pupil 3cholarship Contost, conducted by the .ansas
State Tesohers College,”® in .ipril 1930. Tables were com=

%3, This informstion was obtalined from Builetin of ormation,
Zvery upil Scholarship Contesi, condusted by Z. C. Deputy
and Howard !"eIntosh. lay bLe obtained from Sureau of =4-
ucational Hessurements, The Kansas Stzte Teschers College,
Zmporia, Kansas.
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piled to show the soores made by three atates, MHontana,
Mismouri, and Nedraska. The resulis of the teat for chem-
fatry are given in Table iV.

Tadle XV. Percentile Dimstribution of the Class
Scores for Kissouri, Yontana, and

Hebraska,
ontsna Filssourd fiebrasia
“YosBllle soOre 100 1045 103
;Ségg BEOTe L <§g gg
5 85 50 3
70 » T4 67 B8
4 [§) 57 49
2H @ 45 46 o8
10 o7 323 o0
1 e oD 28 X

Table to be resd 995 of Yontana scores did not exceed
96; 76% of soorea 414 not exceed 74, eto.

Hontana sohools rank first of the three atates with

Hissouri a slose seoond. XNebrassks 1s considersbly below
- both of these states.

The test was written by 2. Schukmann, I'rofes~or of
Chemlstry, Jestern State College, Cunnison, Colorado. Appar-
ently no attempt was made to validate the test or determine
1ts reliability. The test is entirely and wholly factual
and odjeotive. It attempted to test the faotusl matter of
the text-book.
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Sarmery and Conslusismge.

1e Of the 39 schoole anguering the guosiionnsive only
£ive may b8 canaldered to make chaaisatry a atrielly roguired
mbiost although shout halfl of the schoocls reguire shemiatery
to nong extont for groduation. This ls sdout the sams proe
portion In whish chemlatry is reguired in cther ataton.

£« Fifty-four percest, or slishitly sore than half of
the high schools of Yoniann, $esch ohomistry. Almost half
of these mchoola (415) are third olass &iatrict schoolse;
bhoweyver, only ahout & third of the taird elass district
gohools tasch chenlslrys 16 S8 prodable thet & slighily
layrar percentsss of Dontana schooly tesoh shemistry than is
found {2 neishdoring sitales.

3¢ 2Lbout 8,35 percont of all the hish sohoo) studonts inm
Hontons avrg enrolled in chomiatry, vhille about 10.7 percent
of those in sohools having chomistry in the curriculum zre
enrcolled, This eompores very closely with tho enrollimoents
found 1n other sosiiona of the sountry. Daue Yo the faet that
&3 of the 63 pohools in Nontona touehing shonistiry in
alternnie yeora were tesahing the smhjmi in 1323«20, the pore
sontages given ndove may be élia;xtlx hicher than the normel
enrolinent In Montonae

4o  dpproxtioately thres of tm Juniora end oeniors in
high sohools $eaching shenisliry are enrolled in the sudject
‘thy 1a 1% that » lsrper porsentage of these atudents iz not
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registered in a subjeot playing such an important part in
the lives of all imericans? |

5, Little 1s done by the prinoipsla of schools to en-
oourage or dxsaoﬁéage enrollment in chomistiry. 4 more de-
siratle arrangement for Eontang would de to encourage snrolle~
ment in chemistiry by making students sware of its importasce
in their daily lives and activities, at the same time making
a mch grsater effort to select those students who, through
ability and interest, would get marked returns from the
gourse.

6o While, in all likxelihood, many of the students en~-
rolled in ohemistry have had previous preparation in aome
eourse or sourses in science 1t is desireble that this should
not be left to chance, but thal genoral sclience should be
made a reguired subjest in the first or second year of high
'ﬁchool. There is no marked tendency toward this in ¥ontana,

7« ihére are very few ocases where physics 1a‘reqnxred
before taking chemistry whore'a student will take boih subd-
Jects, although from the data compiled to determine the ex-
tont of enrollment (Table VIII) it was determined that chem~
istry may better be designated a senior subjeot than a Junior
subjeot. The most common arreggement is to find about equal
numbers of Juniors and seniors enrclled. This is the only
practical method of proeedure in the numerous small high

schools of ¥ontana,
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8. The number of failures in chemistry in Yontana 1is
not exoessive. As a matter of fzot it may bte termed small
oonsidering the 1little effort that is made in guidance or
direction in enrclling atudents in the subjeot.

9. 48 measured by the test in chemistry of the Ksnsas
State Teachers' College "ILvery Pyll Scholarship Contest”
Hontene studsnts make a somewhat better shoving than the
pupils of the staten of Miassourl snd Hebrasks, This test
was linited entirely to faots of chenistry a2s they would be
found in a textbook of chemistry,
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CHAPTER IXIX

THE_TCONTS OF INCTRUCTION

Alns and Obiectives of Instruction. ALuch has been
written and many lists of desirsble cutcumea have been
formulated in an efford Lo get a clear sistoment of just

" whet 1% {s hoped will result from taking a courseé in high
school chemistry, In the opinion of many tecachers the
best statement thot has yet been made of the objectives of
science tesshing--which of course, includes chemistry--is
thst advanced by the Committee on Zcelonce aprointed by the
Comnission on the Keorganization of Secondary Educstion.o4d
Since %heo apposrance of this report 1% haz been acoepted
widely 1in educational cirolss in the United itotes as a
worthy expression of the goals of sclence insiruotion,
The report of thia committes i1s tho result of yoers of
study and observation in the field of sclence teaching.
Among the members of the comnittee are included prominent
teachers of sclence from universities and solleges, successw
ful high sehool teachers and supervisors, and suthors of
$extbooks on high school soience, 9
e i‘aeor nization of ..0ience in /econdary Ghools, Buresu
i ; 26 (1620), ppe 12-15 and
3&‘37. This 1s a report of the Commission on the Ke-
organization of lecondary Zducation, eppointed dy the
Rational Education assoociation.

w3e IDid., Pe 3. {List of the names of the members sorv-
ing on this sommittee,)
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Question 45 of the questionnaire consists of nine
abhreviated statements of the aims and odjeetives of sclence
teaching as proposed by the committes, Inagmuch as these
atatenonts are gomewhat ditti&nit $o keep in mind, snd since
it 1a probshle that those reading this report will want to
vefer to them from time to tine, they are reproduced here as
they sppeared in the guestionnalre,

Question 45,

Below are listed some of the values to be derived from
a gourss in chemisztry. Indicate $o what extent you $hink
(3) "ou1d tndlcate to o maried smount; (2) in considsrabie

smouns; (3) moderate amount; (4) small emount;  (5)
negligible, '

{A) The development of interests, hablitz and abilities,

{B}] The development of direct and affective methods of
solving problems that might arise in real situations.

{C} Develomment of a higher apprecistion by the siudent
of the pleasure and profit ta o obteined by the exercise of
his own abilitiec, -

{D} Control of an eprrecisbdle body of fzots and prine
eiples of significance in the home and ecowmnity.

| (2} The building up of an intelligent nnderstanding of
the conditions, institutions, demands and oppoxtunities of
modern life, :

{F) Developmont of clearly defined points of view, in~
tonsified powers of insicht, and noints of departure for new
_attenpts for future stuldy.

{G) &ppreciation of the contridbutions of chemistry $o
health, and in the control and elimination of disosse,

{1) Apprecistion of the privilegoe, dutles and Yespone
81bilities that living in this age of sclence involves,
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(I) Assthetic appreoiation to the degree that the eyes
are open to the perseption of new beauty, and power to under-

atand and enjoy.
Tsbulation of Responses Made by Nontama Teachers. In

Tadle XVI a tadbulation of the responses made by the teachers
of ¥ontana is presented.

Table XVI. Extent tc +Which Teachers iohleve iims
and Cdjeotives of Chemistry,

Tlen iarked vonsiderable Loderate omall Legligible ave-

Amount Amount Amount “M Amount reges~t
Qe G ﬁo. 7 v Q4 . E‘O. iy - ﬁo. (‘&‘ .
: : : 00 0.0~ Z.05
5' 3 Izns T& ~de T5 5804 . Ve »
. L ‘3 & =O’ 0 0.0 2.50
D. 8 20,5 10 20.6 16 41.0 3 7.7 ”% 0.0 2,38
z IG %lg Ig ZE.E ; Is.z 5 EQB 0.0 -
¥ 2 b, L 9 23.1 18 20,5 & 18.4 0 0.0  2.80
K 12 o0.8 14 . 12 30.8 1 2.6 0 0.0  2.00
. . . 5.4 3 7.7 2,82
Totals

66 18.8 109 31,0 123 35,0 35 10.0 5 1.4

Of special interest in the above table are the following

facts:

1. That the averages found in the last column, and cal-
oulated as descrided below, in no case fall below Z, the
mesgure of moderate achievement.

36« 1he averages were calculated for the above table 1u Lhe
following manner: If a teacher indioated that he
achieved any item in 8 marked amount this was given a
stresa of 1. If 4in oorsideradle amount a stress of 2,
etc. In the case of Item 4 above, a stress of 1 was glv~

t  on 20 times, & stress of 2 sixteen tigies and a stress of

-3 twelve times, The number of times any particular stress
was given for an item was multiplied by the numder of the
stress and the sum of these (stress x frequency) obtained.
In ths case of Item 4: {10 x1) ~ (16 x2) + (12x3) =
78. Thig was then divided by the number of teachers re-
sponding, thus giving the average. 78 . . 05

38 e o
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2., That only ll.4 percent of tho stiresses indicate
that achievement 18 small or of negligible smount,

3. That about one-~fifth (19.8 poreent } of the
stressaes indicate achievemant of marked smouni,

4. That the largost perconiage of stresses for any

umtstep {36 percent) indicstes only mnderate aschievew
BEBRvse

Interpretetion of %ﬂei Resnonses, Examination of the
eolumn headed gycrpses | able iVI shows slearly:

1. That the teachers for tho state a3 a whole feel tha%
they achieve the objectives in amounts between oonsiderable
and moderate.

2s 7That the items themselves fsll into three groups,
{These will be Jesigneted Croup I, upon which groatest em=
phasis wos nlsced by Kontane tescharsy Croupn II upon whieh
sccond emphesis was placed. In Croup IIT uron whieh least
eémphasis was placed, In Group I will de found items 4, E,
and Bs; in Group II will ba found items C, D, and G; in Groupe
11 will be found ftems B, F, and X. (Gefeor to Cuestion 45
reproduced adove,} : ) |

Analysis of the items within the groups is a rather dif-
ficult proposition. The writer would classify those items
in Group I as ths intspmibles, By intangibles is meant those
things which are not the direct results of the application
of the fsots, prineciples, and theories learned in ehemisiry,
but rather those that came as secondary or tertiary results;
They are the aura or subtle, invisidble omanetions that the
comaittee assumed would result from instruction in chemistry.
They are sudjective in nature end would be difficult to dew
$ormine and measure, They are the intereststhat will be
paramount in the betterment of the home and community, and

tha develomment of economic rescurces such as can be bhotter
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understood from having studied chomistry.

In the second group are found thas e objesctives that Yo~
gquire for their attaimment conalderadle grasp of the faots
and sudbjeet mattor of ohemistry. It will be noted that in
this group is found the objective of hoalth, and the control
and elimination of 4izease, Thias 18 one of the most importe
ant of the olhjsctives of chemistry. It is desirable to have
this objective achisved to ths greatest extent, Apparently,
in the opinion of the teschers, 1t 1s not in ¥ontana, It is
to be Tegretied that very little 1s written in our high
sohool texthocks that has bearing upon this most important
objective, |

From the iftens found listed in Cyoup 111 Lt seoms that
in the opinion of the teachers their students will bo least
suscesaful in the fxwediate and direct application of what
they have learnsd in chamistry to the pmblms.or their
everyday 1ife, This is indicated by item B, 4ilso, that just
what ths sudject of chemistry has been about may be a bis
hazy %o the student, This iz indioxted by the stress placed
on item F, Aesthetic appreciation is not o be expected in
very large emount,d7

To suamarize the discussion on ths three groups of obe-
Joctives 1t may be said that in the opinion of Hontana

T7« The enswors of throe togsohers Lo item I 15 well characters
1zod by that of one of thom who wrote cpposite the item
"Bunk--pure bunki® .
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teachers of shomistry, they achieve success in considerabls
amount in those values that will contribute to thes making of
batter and more progressive citizens of their students in the
eommunity in which thcy live, but that thone students will be
only moderately well prepared to make direct end practical
application of the facts of chemietry they have 1e§.md to
their own personal nesds, |

L ) 7 Graphs 1In
tho case of a distribution suoh as that given inTadble XVI

1t 1s Qesirable not only to know the avorage of the results,
but alsa to know the trend, In order to determine elsarly
what this trend was for the verious objectives & series of

graphs was prepared, Thece are reproduced hers.

jo {6120  © g lrolts |6 2] 411317613 |o
F1g.1 Item A Fiq.2-, ZHem B F19.3 L lenr

10liwil3]l e ledmlelsle =191/816] o0
Fez 4 Zheqp Foy. 8 ThemE Fiy 6 TtemF
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Frg.7, Iter & Fr3.8, ZTemH Fig- 7 Tfemr,

Divistons from left o right correépand 1o marked
amount, considerable amount, moderate amount, small esmount,
nezligivle.

Sgale 1s 10 cases to 20mm.

In four cases—items D, E, ¥ and I & decided trend is
spparent. This may be intorpreted to meen (1) in eass of
ftem D that oontrol of an apprecisble body of faots end
principlss of significance in the home and -mity is ob~
4ained in moderate amount in the teaching of chenisty in
Hontana; {2) in %the case of item E th@t the building up
of an intelligent understanding of %the mnﬁitiena? instie
tutions, demands, and opportunities of modern life is devel-
oped in aonalderaﬁla smount; {3) in the ¢zse of item ¥
that the development of olearly defindd points of view,
intensified powers of insight, and points of departure for
now attempta for future study 1s obdtained only in moderate
apount; and {4) that assthetic appresiation to the Jegree
that the eyes are open to the perception of new beauty,

and power to understand and enjoy is developed only inm mod-
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erate smounts
In the oass of two items~-B and C~wemphasis i{s placed
sbout equally on gonsiderable and moderate achievement, with
8 slightly greastor enphasis upon moderate achlovement, Itenm
B was that on the development of dircet and effective methods
of solving problems that n;gm arise in real situations;
i%am C on the development of a higher appreciation by the
student of the pleasure and profit to be obtained by the
oxercise of his own abili tlos, _
| : In the remaining three cases--items A, G, and H~-about
equal emphasis is placed on marked, sonsidersbls, and modare
ats achievement with slightly more stress placed upon con~
gideradble A&ahiaman‘s than on the 'ot}mr two. In othey wrds,
1t was with the objective (a) of development of interests,
Babits, and ebilities, and (b) contribution of ehamistry to
health end elimination of disease that the teachers had the
most yvarying suscésan
Criticism of tgg‘ ¥ethod ¢f Obtainins the Data, The
mrsa eriticism may be made that suoch data as that given
above is not objective, and that in this partlcular case is
were opinion given on & subject excecdingly 4ifficuld to
judge, The writer recognized that the data &Ts not objective
and that the personal eqﬁatlm enters to a large extent; ‘
that the luman fsotor of apresring in the best possible light
must vitiate the responses of some teschers, On the other
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hand, there are equally strong traits soumterdalancing these
tandtaciesg for example, those of fuiy play and fairmindeds
nessi also there 1 a stirong dislike dy most people for hy=-
posrisy; add to this the very sirong professional feeling
that to smigreprssent much 4ata 1s not ethleal, and ons can
well believe thaot tha tendency would be to underrate rather
than to brerrate. ‘

Critiscism of the Obfestives., The writer winshes fo oril-
joizs aldversely cortain of the cbjectives 1isted above.
These objsotives sre C, E, H, I. 7They are criticized on the
grounds that they are:

}1} Little more than platitndes,
2] The objestives may apply equally well to any of the

o {3) ﬁgrﬁas?m‘ohgecun valus becanse they in-
dicate no specifie outoomen of ifrstructilon in chemlisiry, and
henee have emall validity.

In preparing the firast draft of gquestion 45 a rather
extensive 1ist of objectives much more specific in nature was
Zerived, In trying out this first draft « it was sent to friends
of the writer = it wes found that the list was too lorg, and
s 41fffoult to apply for large classes., It was desirable
that some expreasion of the outoomes of the teaohma ghounld
b6 obtained. Belleving that the liat as first proposed was
0ot good the writer adopted the sxpedient of accepting the
recommendations of the Commitiece om the Reorgunization of

Secondary Soience, asmuning that the prestige of the memders
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serving on the committee was assurence of the merit of their
recomnendatlons, To what extent thia 1s true must be left
to the readers of this report to judge. This 1s the dasis
upon whioch the data wers submitied.

The Outeomes of Laboratory Instruction., The outecmes
of instruction in chemistry as discussed above may well be
elassified as the socgfal outcomes, They "a:;e of importance
pTimarily as they aia the stodent %0 make 'adjustmants to
his environment end soolety, Kuch more tangible and objecte
ive outoomes than these ars recognized as coming from the
study of chenistry. These outcomes are sommoaly raferred
to ss laboratory wvalues, and 'must bo taken into consider-
atlon if a complete picture is to be formed of thoe remlis
of teaching.

The outoomes were taken from & report made by a comaii-
tee anpointed by the President of the Division of Chemiocal
Educs tlon of American Chemical Society.®® .The data for this
repoxrt were obtained by eirculating a questionnaire, Feplles
were recelved fvom sixty-five schools having an aggregate
enrollment of 88,934 pupils. Seventy-one toachers from fif-
teen states ere reprosented, These states ihalude all of
the New England states, New York, Pennsylvanie, Ohio, Illinois,
¥isconsin, Kichigan, Iowa, Indlena, and Kansas, Of the

35; gizgg; of i cedence of Laboratory work and rnecitasion in
School Chemistry, Journal o ; zducations
2 1306 (Oct, 1923).
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soventy-one teachsrs answering, forty percent have graduate
dezreaa, and have had a fraction over thirteen years of
tsaching experience,s The qualification of these teachers
1a such that thelr opinions should have marked validity,

A numbey of possible wvalues to he derived from laboratary

. work was submitted to them with the request thet they te
ranked in the order that thsy (the taschers) thought them
t0 be of importance in high school teaching. The eight
values that were ranked highest by these teschers were ghoe
sen by the writer and submitted to the teschers of Montana
with the request that they be ranksd in the order of thelr
f{mportance as ashieved in their teaching. 7The responses
‘were tabulated and are shown in Table XVII.°?

39« So thak Lhose reading Lhis report may neve botter in
mind what the lsdboratory values are that were ranked,
they are reproduced hore.

Following are eight educational values that may be de~
rived fyom ladoratory work. List them as you think
they are of imporisnce in your teaching of chemisiry,
%h? mo:t importent {1) the second in importance
3 » ‘ e‘
{ )} (a} Acquirement of manipulative skill {lasbora~
tory technique).
i g b} Training in habits of accurate observatlons,
¢) Appreciation of the sclentific method of
thinkinge.

{ )} {a) Develomment of initiative and resourceful-

nesse

{ )} {e) Inoreased interest.

{ ) (£) Concrete, or first hand, knowledge through

direct contact with the meterial studied.

i } (g; Training i{n hadits of sccuracy and neatness,

Cultivetion of ability to reason and draw
sonelusions,
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Tadble ZVIXI, Distridbution %o Show llow Laboratory
Values Were Ranked.

8 30 9o 5
. Aves

Fonke 5,65 3,22 4,55 4,24 4,17 2,00 5.5¢ 4,02

Table XVII 18 to be read that item 4 was ranked first by
two teachers, item B by eight teachers, etc. The line marked
% would show the mid-point of the ourve esch side of which
would include one=-half of the measures,
: ; bul ation. In order that tho rank-

" ings made by Montana teachers could bs better kept in mind,
the tine averages of rankings were oaloulated a3 described on
page 37, footnote 36, These will be found in Table XViI,

The fect which stands cut in this tabulation is that no
value predominates in laboratory work as done in Hontana high
schools, In the case of wvalues A, B, end C, however;, & len=-

dency to vary from the middls measure is found,

In the ease of walue A 1% may be c¢onocluded that the ase
quirement of manipulative skill {laboratory technique) is not
an inportant fastor in laboratory work im this staete, This
is significant beosuse 1t 1s this value that the teachers of
Eastorn and Middlewestorn states consider of greatest importe
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ance.%S Ths quostion mey well be asked, TXy do Montana
tooohors place but sasll emphasis upon this value in their
tsaching? Thres poszible expianations are advanced.

1. That Montana schools are not well eguipped in labde
oratory apparatug and that 1itsle stress 1s plased on lubw
oratory technlique,

2. That in certsin schools lerpe laBaratory olasses
are ths yule so that tho instruotor sasnamt zive the supor-
vision nesessary to mazfor tosmigue,

Se That the teschers theomaelves have mot had the
proper training ia laboratory technfque, and ers ¢onselisrus
that they cannot give $he proper training to tholr slasses,

Fortunately, data ars availadl: %0 cheak these possible
gxplanations,. In guostion 48 of the guestismnaire the tsache
ers vere assked $o classify thelr laboratory squi;mont as
{a) very complete, {b) andoquats, (o) auch that you can Just
ot alonz, {4) such that you must omits ivportant experiments,
The responses wore tabulated and are shoen in Table XVIII.

Table XIVIII, To Show the Belauamhig: That Zxizsts Bo=
twaon aﬁaquac:f 2 1} qulsment, S1zo of Class,
ﬁ

¥irat Class TAURLY s C ' L G4 o
812%?«1123 Schools Rirh “chools Dis "chmm m%tr;ct fchogls
cry |Ade |G et |Omip[Very |Ade|Ce + [omir}Yery |Ade |G et Om,fﬂ""v Acde |Get | Om,f

[
plese|Tt{AmEnps. lon [74wtptony P L0 lquetelfiomizyn L5700 1407 A0y |Eos.
(4

- odmai. - o Ay

/13 74
Haal /n

g

Y/ a4

34 20
/30 /2% Y . ) I
] sl ol /4TI VR

A /1% /4 ;’éf

VERAVED) T10| 720 i 12 Lz e LT

i Ehw« fpa

#

he velue ssairncd Dy tho toachers Of Lhecd sLates will be
found tabulated in mblo XIX,”, pace Q. of this repori.

[ ]
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Table to do read that in first clasz district schools
there was one s¢hool having &an avorsge emrollment of 30 in
lsboratory ¢lasses that hed equipment such that they could
Just get along. Head other cases in a similar mamner,

In case of the Iirst olass diatrict sclhinols 4% 18 seen
that two schools having very ecomplete or adoquate equipment
and small elasses of 16 give & rating of 8 to the walue, while
another school having equipment such that they ean just pet
along, and large elasses give the item & value of 8, It is
quite evident that the explanations do not hold good with
these schools, In $he case of sounty higﬁ sehools and third
class districts, the schoole with adequate equipment and
¢lasses that are not taa large for efficient laboratory ine-
struction give the value & rating of 8, ¥ith second class
distriots those schools with poor equipment and coaparative-
1y lsrge olasses give tho value a high rating. 7The concla=
si-n must be that the adequacy of equimment end size of labe
oratory sections does not def;ermim the rating given to this
velue, It will be shown in 5. later c¢hapter that the propare
ation of the teachers is, as a whole, pood, so that the ex-
pianationa offercd above are not substantiated, Other ex-
planations that the writer cennot offer must be advanced to
acoount for the low rating of wvalue A,

In the caze of value B 1% will be seen that sl ightly
M.EXIO!' than middle rating 1s given, Thiz iftem is thot of
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"training iz hadits of acourate obc-rvation® snd is placed
firast in importsnce by Lontana teachsers as determinsd by the
..oalcﬁlatad average ratinge This value was found to rank
third in the Amorican Chemical Society survey (seas Table
XIX}. The high rating of this value i3 a little surpris-
ing when it is noted that item G~~"training in habits of
socuracy end neatness“--~1s placed seventh (2ee Tadle XIX).
To one trained in laboratory technique it is 4ifficuit to
understand how & student can observe accurastely if the lab-
oratory work is not sooyrately and neatly done.
It should be noted that value G agrees slozely in ranking
with value A {ranked 8). Both of these valnes sre moasures
of laboratory technigue and manipulation as actually done in
the labtoratory.

The remainder of the itemse-C, D, E, ¥, H, show the
ratings spread pather svenly over tha entire range of ratiag‘
possible., This mesns that there is 1itile agreement among
Eontana taacheré a3 to the importance of ihese valges in

$eaching as done in this state.

w Fasts 1iddlevestern, ¥ontans, end Nevada Teoachers
Ranked %the laborstory Values., This relationship is shown in
Zable XIX,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



w50
Summary and Consluafons,

de ¥hen teachors of chemistry in liontans wmeasurs the
gohievement of their glasses with the aims and objoctives of
science teaching as proposed by the Commitiee on Reorganiza-
tion of Solence inm Ceoondary Schools they schieve succoess in
moderate to considerable emount for thelr olssses es a whole,.

. 24 Only 11.4 percent of the stresses indlioate sucocess
to a small or nogligible amount; almost 1% percent of the
stresses indicate marked achievement, Over one~third (35
peroent} of the stresses {ndicate moderste schievemont,

- 3s Analysis of the responses indicate that greatest
success is had with those objecliivesthat may be $ermed "the
intangidles”, MNore emphasis is placed upon the cultural ase
poots of the subject than wpon the gmrass‘iaml. Eell de~
fined tendencies scn be recognlized in six of the aine objec=-
tives listed,

4, The objectives snd aims a3 submitted $o tho teachers
are opexi to oriticism on the grounds that they are 'zndeﬂnitu
end lack validity. |

5+ 4is far s the teachers themselves are conserned they
secm gonvinced that they are doing a good job of teaching
ohenmistry. There seums $0 be considsrable justirieatzoa.tm
this atiitude as fu» a3 mastery of subjJect matier is con-
oerncd, As will be zhown in a later shaptor, however, much
sould be done to achieve the scoial aims of eduoation in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



* S50~

Table XIX. Distribution to Show Ranking of Laboratory
Yalues,

Gg%ei f%‘;ﬁft%c.g 1 2 % 4 & 6 7.8
sted by A Ge curvey A _F B W 0O G C
Listed Honts Teachers I E ﬁ LoD C G A
' sted by Hevode Teachera H F C B D E _G A

To be road item A of question 62 of guestionneire was
ranked £irst by A. Cx S. Burvey, oighth by Moatana teachers,
and eighth by Nevada teachors,

It will be noted that in three oszes there s entire
acreement betwecn the A. C. Os survey, Montana teachers, and
Hovada teachers wvhere rank was detemined by the method of
averaginz desorided sbove, The coeffloient of correlation
between l;he rankings of Ae Co S+ Zurvey and Xontana teachers
was ocalculated. It was found %0 bo 0.206 + 0.82 which meoans
no sigaificant correlation. m‘ coefficlent of correlation
{3pesrman rsnk formula by difference) bstwoen the rankings
of Hontana teachers and Novada teachors was 0O.71+118 whiech
would mean considerable correlation; the Pe E. in each ocase
was large due to the small mnmumber of rankings iaken,

It was thought prodable that the small amount of correle
ation between the Amorican Chemieal Coolety survey rating of
laboratory valuss and the Montana Soachers' ratings was due
to the widely divergent imnortance assigned to laboratory
value Ae To sec %hat correlation existed betwsen the other

" values another caloulation wes made useing values B, €, D, I,

’
‘
4
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F, G, and H, The ocoeafficient of correlati.n was found %o be
0,77 *+097. This signifies marked corrclation, so that it
asy be soneluded thot with the exoeption of the one value,
$hat of ladoratory teshmique, ladborat.ry practice in Montana -
asgrees closely with that considered of greoctest worth by
Bastern and Middlewestern teschers who qualified to judge.
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ghoniatry.

8« Thero seems %o ba little agreecment between the 41f-
ferent schools as to the desiradble culcomes of laboratory
instruction.

?. That with one notadle exception there ias e¢lose agree-
ment beiween the walues $0 bo Jdarived from lsboratory ine
struotion as deterained by Eastern, and Kiddlewestern teechers
of chemistry, and eactual outcomes in Montana, ZEven when the
laboratory valus A is inocluded thero is a high end significant
gorrelation {0.71%.113) batween the cuteomes of leboratory in-
struction in Nevasda and Hontana.

8, There secms to be no connection between ths small
aohievement in laboratory technigue and size of laboratory
slas:ces, adequacy of equipment and Scachesr preperation in
chemistry as separate factors; it may be that all three of
these factors combine to becoms the dstermining fsclor.

8. There seems t0 bo some discrepancy beiwecn the rate
ings given %o the leboratory veluea snd the actiivities that
the laborstory presents upon analysis, Thils epparent discrepw
ancy can be found in the case of the ratings reported by the

As Co 84 survey as well as with those made by Montana teachers,
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CHAPTER IV
| TEACHER GUALIFICATIONS THROUGH EDUCATION AND EXPEIRIERCE

General Discussion. From the standpoint of the é{eveln
cpuént of the theory of secondary ednsation, one of the old-
est and moat tenacious meas_haa been that a thorough knowe
lodgze of the mubjeot matter that one is to {ezch, @almad.
him to teach thal subjleet. The 1dea gtill persiats with
sone of the teachers in our colleges &and univeraitias. The
n&ar theories of esducalion would agree with this only in
part. They would modify this by sdding that a knowledge of
subjoect mattor 1s not sl)l that is required, bub that & knowe
ledge of psychology, leadership, and ability to "put over®
the knowledge of subject matter 1s Just aa essential. As
rocently s3 1922, an oducational leader in the United States

found 1t neceassary to =ay:

"There are certain featurea of scholarship or mag-
tereod sudject matter--taken by itsslf-~which got
in the way of effective tosching unless the ine
strmagtorts hahitunl attitude is one of concern
with iis interplay in the pupil's own experience.
The training of the teaoher in his special fleld
ean he no indication as to what he does with 1t
4% a school subjeot.”

Hence, in Judging the qualifications of the teachera of

chomiairy in Montana, it i3 necessary to toke into consider-

- 41T John Dewey, TUemoOracy Gnd LlGCALLONT, De &0,
{Eew Yorkx, 1922)
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atien the preparation that the teachers have in chemistry,
paychology, methods of teaching, fn the general field of
ednontion, and the mudlests related to ohemistry, such as
physios and mathematies.

The Sohools From ‘hich the Teaghers Huve Cruduated.

Bot only muat the teagher have such preporation as dis-
pusnsed above, dut he must have adegunte preparstion. If
the teasher has takan certain desirsble courses much can

be determined as to the adequacy of the preparation, if the
standards of the schools in which the preparation was made
are known. In Judging the qualifications of teachers, prin-
elpals and superintendents, gzive oconsideration to the aschools
from which the tenchers are graduates., Certainly the teach-
ors themsalves recognize the advantages of matriculating in
institutions of recognized merit. The born teacher iz a
rare find, The large majority of those ashieving success
have done so beoauss of careful trasining, diligent effort,
and adility to profit from experience.

In eonsidoring the schools from which teachers have
graduated, teachers of first class districts, second clans
distriots, and oocunty high schools have been grouped to-
gother with the teachers of third class distriot schools

1= & soparate group. Only those schools frog which the

teasher hes reeeived the B, A. degree will be taken into
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eorsideration. A large number of institutions are represen-
tell. The 45 teschers of shemistry in third olass &istrict
sohools ars grafaates of 32 different institutions. The 48
$eashors of the first and seocond class districts and county
high schools have graduated from 34 different schools, A
detalled list of these schools with the number of teachers
gradoating from eaah will de found in Table II, Appendix C.

In order to see to what extent the teachers were a
sosmopolitan group they were clammsified according to the
ssotion of the country fyom which they came., The result
is shomn in Tabls XIXa.

Tadle XIXa. Iocation Schools From ‘hich Teachers

Grafoatsd,
' , b0 %
“ITon Lastern And Souihern Siavosn [:3 el
" @& sestorn oS 1% P¥:]
m raciile 8 ¥ Koune
tain States other than Hontona 11 11,7
I Nonbang o7 2O et

It is guite apparent from Tables {IXa that chemistry, as
tanght in NMontans, must have a decided middlewestern com-
plexion. Kansas and Hinnesota schools each furnish 9 of
the tesachers; Iows 8; South Dakota, Missouri and Hebraska
4 sagh; Noyth Dakota and M sconsin 3 each; lichigan, Iadiana
and Illinois 2 each.

L Data obtalned Irom Heporis of Nlzh Sohool irinolipals to
Supertntendent of fudlie Instruction, Op. oit. rart B.
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A tadulation was next made %o soe from what iype of
fastitations thess teashers gradnated. This is shown in

Tudle X, Classes of Institutions from which Tesche
ors Graduated.

185, 2nd ard, ALl

Claos Diat, Class Schools
Lo, He Se Diat. ,

oo & To. % Tor %

State Universitieas and

Colleges ‘
“Universitles and collezes
of firat rank, not stats

24 _B2.2 18 9.1 42 48.6

Institntionn 3 8.5 0O 0.0 3 3.3
privals 8notls ‘
0’0118 - ] 15 32‘5 21 ) 45.7 35 39;1
) DR ers '
Collezes & 8.7 7 15.2 11 12.0

Some fasts of interest may be noted Ifrom Table IX,

1. The relatively large percentage of teachers who
ars gradnates of gtate oollsges and state univeraitiea in
schools of first and second slaoss disiriets, and county
high schools.

2. The saall numdor (4) of teachers in this group who
have gradnated from normal or state teachers' colleges,

3. T™at only ahout forty peroent of the teachers in
shird olass 4istrict schools are graduates of state uni-
versities or atats golleges.

4. Mat ferty-six percent of the teachers are grad-
wates of small eges. ~

5. That one of sevan of third olass district teachers
{fifteen perocent) are graduates of normal schools or teach-
org® collezes.
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Data gonparabls to that givem in Table XX is available
in ane instanes, that of the Texas &m—ny."’s From this souroce
1% 1s learned that 51.4 percent of the teachers were grade
uates of state universities and scolleges, 16.8 percent from
smll private and denominaticnal 8ollezges, and 32 percent
from normal schools or state teachers' eolleges.

™he Montans teachers of first and second class district
sshools and ecunty high schoocla seem to rank a little better
than Texas tenshers fn the mattar of groduating from schools
of high riing, but the teachers of the State of lontana am
& whols, may b8 oconsidered to rank slightliy below those of
Sacas. A

Degrees Held by the Teaghers of Chemistry. The method
of julging from the degrees held by the teachers as to their
gualifications to teash is a common one. Freparation of
Eontana teaschors in this respect is shown in Table XXI.

BA & BS s & ¥S Normal Others

Diploma
ﬂo. A%] RQ. e Qe M O o
8%, S8 Bys ' A
Co.- _Bo Se - 43 89'6 1 201 2 4-2 2 ) 4‘2
orG GLn08 DISVELoLE 48 BTeD £ 4.2 & 8.4

m- m—v@"' 0P« gi_:go De Y780
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Consideruble comparative data is svailable, This is
given in Table XXII

Tadble XXII. Comparative Data on Degrees Held by
Teachers of Chemistry.

BA & B3 KA&HSKO%& Others
H0., % 1O0s # hOe N0 o

65 63,39 11.53 3.9 1 1.3
Hepor fof Uomittee T '
A c. 8. {1928) 40 58.3 28 79.4 3 4.2

Wisconsin 46 40 65,6 1O 16.4 ]‘1“;5,;2

{a) Inocludes a numder of Fh. D. degrees,

From the tagbulations above it will be seen that Montama

has & larger number of teachers with the B. A. and B, 3.
degree than the other groups compared, dbut ite percentage
of sAvanced degress is much smaller., ‘/hen the advanced de-
gresn are aftded to the bachelor degrees it is found that
the total for dontana is 91.6 percent while that for the
other groups is8 in no ease below 95 percent. With the ex-
esption of Texas, however, the data reprecents only those
teschera of larger schools and is not stricily comparable.
{Ses the Bibliograph for a summary of how the data wore ob-
fained in each of these scases.) The number of teachers

. CTrata Oppe, "f" olt. pe 1750,

43, « 01t. Do
46, %8&?3' :2. Qlto’ p. 1418
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horing normal sahool &iplomns, or no degree, is somewhat
lapger for Montana than the other groups. This is due to
the numdear of cases found for third olass distriot schoola.
Howovey, six and two tenths percent of cunemistry tsmehers
with normm) 4iplomss or without degrees is not to be cone
sidared excessive as a study of Table XXIII will show. The
4ats for this table were obtained from the Quinguemnial Re-
port of the Eorth Central Assogiation of Colleges and Seo-
ondery Schoolsl’ In conaidering the faots, it maat be re-
mondeored that the achools represented are likely to be the
best in the states and hence the data would be aelsated.

Tadle XXI1I. Degrees Hsld by Teashers in Schools

Aecoreditsd dy North Central Aissooin-
tion in Certain States.

Phe B HA & M3 BA & B3 Without
EOQ % RO.A ] —Hgo 7 ‘gOG %

_%ontm 0 0.0 24 7.0 300 87.7 18 5.3
“Yebraska U U0 . ' . -
“Horth vakota T 0ol 200 I1.0 723 BGe2 21 2%

One state, Kansas, has the same percentage of teachers
without degrees and one state, Missouri, has a markedly

higher proportion.

. Galnguennial Neport, op. oit., D. o2
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Extent to "hich Tsaghers in Chemistry Have Majored
in Chemistxy. This 18 a muoh better measure of the prepar-
ation of the teacher than the two oriteria taken above. Howe
over, 1% must de rememdereld that a mejor in a subleot mesns
s oerfain fixed ainimum numbor of hours ceredit in a sudjoct
in which a student 1is suppoased to huve mastory. 7The fixed
ssmber of hours oredit required for the major is generally
sxeseded to vorying amounts so that & major in the subjest
is not to de taken as a quantitative measure of preparution
in the subdject.

In the Principals' Reports to the Superintendent of
Publie Instruction®® the tenshers are required to list thetr
major sabjeots. The information presented in inble XXIV was
obtained from this sourcs,

Table XXIV, Extent to ihich Teachers of Chemimtry
in Montana Have Majored in Chemiastry.

18t &nd ord COe
Class Class Class H, S. Totals

Chemlsiry alone ki 3 4 51
emisiry & som othar subl. U 4 & (4] b
ence, or scienca wiia
soms other sabieot 0 b 8 3 8
Iucatlon, or edusatlon
with some other suhject 0 3 9 0 12
IIY others 0 i 71 >

soience majors 100 46.2 34.8 76,9 48.9

1. PFinalpals"’ Neports, op. oit., Iart b.
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Seme faets of & rather startling nature are presented
in Tadbis IXIV.

1. Tat fewer than three teachers in ton teaching
semistry in Xontana have majors in chemistry.

8. In third clsss district schools fewer than two in
ten have majors in cheaisiry.

3. Assuaing that in the majors termed "solence” suf~

fisient chealstry is taken to meet & "minor requirement,
enly half of the teachers have majors or minors in ochemis-

- (8

If the fastas of Tsble XXIV are acospted, only one oone
slasion is possidle, that with tho exception of first elass
d1atriot sghools and county high schools, muoh is to be de-
sired in the way of préps.ri.ng chemislry teachers in iontana
$o teach shemistry.

The mejoras for teachers of second olasa distriet schools
and third class district schools listed under the headings
*siungation or edncation with some other subject™, andi "all
sthers” in Table XXIV were listed in an effort to detsrmine
s sxnet status with regard to the mnjors held by teachers
in these sohools. Detailed tadles will de found in Appen=-
éix C. All that will be reported here is a summary of the
fables. It is found that with the second class district
sehools, 3 teashers have education majors alone, 4 in soien-
o8¢ shemioal in nature, 3 in sciences non-chemical in nature,
sl 3 in other sudjests, With the third olass distriect

sohools, 8 have education majors alone, 7 with eduocation
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and stuliies non-chemical in naturs, 3 with sciences chem-
ical in Anture, 1 with science non-chenionl in nature and
16 with majors in other sudjects.

The sxtent to whiech teachaers of chemistry in liontana
are defictent in majors in that subjeot may be shown by
meéans of avallable comparative danta. In the Texus sur-
‘!0:?18 was found that teaschers having

“; msu’ m}ﬂ“ alane............a’?.ﬁ}a

{d) ohemistry plus some other

BubBl8Ctassacnescrcesencernsncanceel?ed

(e} selonce, or seience plus

som8 Othor SubJo0ticeccscccoseneaeeIB
{A) otherS.cescecnccsssccencencesanacalBel

In the ‘ﬂinnminﬁo survey it woas found thot 57 pere
oent of teashers bed majors in chemistry; in Ohfoo. 50.2
peroent; in W?z’.i& porcent; and, in the E‘owefmsa sur-
vey, 56 percent. In overy oase almost twice the percent
in lMontana.

1% will be of interest to know what portion of the
teashers of chenistry ere graduates of Montana institationa.
Mmis information i3 given in Table XXV,

0, Treta Uppe, "%t uis., p. 1751

S50. Rogers, op. © e 1l
51. rhelan, op. Site, De 2192

52‘ mz’ _0_2& m&. y& 819
53. Powers, op, cit., p. 814
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adle IXV, BEupber of Graduates from Xontana
Ingtitutions Teaching Chemistry
¥ho Are Majlors in Chenlstpy.

U. of Yont. shie Inter-
Hont. Collega Ht.

, Union
Heve a major in chemistr 3 p 1
mmmw 4 3 3

0f the 24 graduates of Montans institutions teaching
ehemistry, only 5, or £0.9 perceni, ave usjoru in chemistry.
¥uah of the deliciency in providing speciuiiszed teachers to
teash chenistry is due to gradunies o? innditutions of Mont-
ana teaching the sudjeot.

In view of the dnta presentsd above, the questioan
arises of whether the principals of Hontana high schwoovls
prefer %0 have tenchers specialized in other brainches, and

tench chemigtry somewh.t ns o 51de line, or whather qualie-
fied teachers are not available. This report does not pre-

Send %o answer the queation, buit in its consideration it
mast B¢ kept 1n mind that for the most part hish schocls in
lontana ore amull andl that the tooccher of chemistry in these
sshools will be obliged to teash From one to five otner sub-
Jeeta. This eondition wowld gzrently decrense the likeli-
kood of finding the highly specialized tonchers, and it al-
80 means leas efficient instruction in chemistry.
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s Amount of Credlt Teachers Have in Chamistyy and
in Sgbjests Related to the Teaghing of Chemisiry. Other
than ebheaistry, thoso sudjocts that bost ifndicate the pre-
paration of the teacher to teash chemisiry, are physios,
mthomatics and edunoution. Fnots were collectad through
geestion 12 of the questionnaire that sives the informa-
tion regarding the preparation of tae teachers in these sube
jests?® mis 1o presented in Table XXVI.

Table XXVI. 7To Show Averzge and Median Humber of

Credlta Teashers Huve in Certain Snb-

Jeots. {Caloulated on guarter hour
basis, }

1st Cless Distse.
0o, KC 8. (A %07 2709 4507‘0-‘;&808 19o9 1".5 2105 1?.5
8 .
EoX Clas ér‘)ﬁ?ﬂ 59.6 37.5 39.4 £53.0 23.4 18.3 22.1 £0.0
I Tlasa m‘f{&z B0.8 31.3 29.0 17.5 T.4 7.5 18.3 17.5
- konts wohoals * - * ' . »

FedTen Deviations  Te4d 3.9 ek P Py 10D
eV fo § . » 3 - . . . ' o
QULaHLE wurve 0 Sl.8 4.1 1940 '

Report of Comme ' ' '

~ on Edne. 56 41.1 18.3 22.3

(a) 13 teashors; (d) 14 teashers; (o) 10 teachers;(da) 9

tsachera.

. DAe TRe data presented may show oeondltlons in Montana Somne=
i+ ' what batter than they astually are due to tho fact that
] . only about one~third of the third class distrist schools
S teoaching chemistry responded, Freporation of teachers
in thease schools is poor &s shown by the returns to
P the guestionnaire.
, 38 and §6 eontinned on next page.
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In Zabls IXVI, allowance muat be made for the fastors
1isted dalow that eould not be gontrolled, and which may
sanse the results obtained to vary through considerable

range:

i. Te sredit given for the same sudject cover-
ing the same amount of work will dirffer among 4iffsrent

2. Teashers 4¢ not remember sccurately how mueh
oredit they have in partiounlar subjeots and frequently
40 not have reoords that they may eonsult. This is
especially true of the older teachers in the servioce.

3, The extremen wore so great and the number of
gases B0 small that the averages and medians may not
38 vory asourate,

™he comparative data show that teachers in Montana
have somewhnt detter preparation in education, chemistry,
physios, and mathematics than Hebraska and Nevada teachers
oxaept in hours of oduontion in the latter case. The
teashers are leas well prepared, however, than thoso rep-
resented in the committee on Chemiocal Hlucation report.>’
Within the state of Montana the table shows:

. 1. That first and second elass district school
teachers have markedly botter grepmuon than third
olass distriet teachers, this deling espeoially notice-
adble in ths case of chemistry and phyales,

Z¢ The teachers of firat clasa distriots and
county high schools are detter prepared than teachers
of sesond olasgs Qistriocts only in chemistry.

B3, Yendrlcks and Chambers, ope Slte, Ps 139

56, Committes on Chemioal Educ. Chemioal Data in United
States Journal of Chemfeal Hluc. 4:941-13 {July,i927)

57. Tee bIbvIfography for selected nature of these data.
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Oourses in Chenistry that Teachers Have Taken., In
sonsidaration of this question, allowances must be made
for inasouracies due to the fuot that the same courses
givesn in 4ifferent schools may differ oonsiderably in
the length of time dovoted to the course and the sudject
matter sovered, Some of the Senchers who di4 their under-
graduate work a numder of years ago may have forgotten a-
dout oonrses atuldied, or have studisd courses asked for
in the question under differsnt names, The data available

are given in Tadble XXVII,.

Table XIXVII. Extent To Thich Teachers Have Token
Certain Courses im Chemistry.

%‘LS Ce.u. Quel |Quant. 61- Ph.r Tod-| Bi- | Teusn

.'s-711- C?;::,;- Ans. | Ana. (iam'c,. Siealfusial °’°'3u i”f

3 o T 3 2 S~

Teachers ol:

1s% Cass Dists 80 100 300 100 80 60 20 0.0 40
—— ) ‘ - :

: Comparative Data
Novada mﬁmmmrm
Oregon o8 - 100 B34 L0774 310 = - 61,0
O st ‘30.9

Toxest0 — G S B B
port ACS (20) = 100 7327 650838 515 217 15.2 =

'

W, Searis, o o 018., P- 819
a‘ -ﬁﬁ, ﬂ.’3ng.
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It will be soeen from Tanble IXVII that teachers of chem-
istery in Montana have taken ocurses in chemistry to about
the same extent as teachers in other parts of the country
with the exseption of two couraes, organio chemimtry and a
gourse in teaching of scienes or éhomistry. It would ameem
that 1f 71 porecent of Montana's teachers have taken conrses
in organis chemiatry, that they are fairly well qualified,
alshough the average of the couniry as a whole is nearer
80 percent. In the matter of having had a‘sourse in the
tsaching of shemiatry or seience, iHontana teachers are
seriocusly behind teachers of other astates. Rext to the
general oollege conrs® in chemistry, in the apinion of the
uriter, no other course is more important than this one.
Hach of the oriticiam, well deserved, i3 direoted at the
tenghing of chemistry in high school eoursea from the lack
of knowledge on the part of the teacher of what he ia to
és in the sourse. In lack of this knowledge, the inexe
pariensed teacher calls upon the only fun of knowledge he
has of teaching chemistry--~the way it was taught in college
~and puts it into effeot, Upon one point in the teaching
of chomistry, there is practically unanimous agreement:
the coursae desired in high achool is not a reproduction
U3¢ Thelan, ODe €lbes Pe 2130+

60. Oppe el Pe 1752
6l. cMittE; l'ep;:'t As Co Sa ODe oit.. De 1368; (1930’

e
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of a oourse in eollege chemistry. The inexperienced
teagher may Yo aware of this but, unless he has had &
gourss in teaching chemistry, he has no idea what else
t0 40, After a mattor of three or four years of triel
and erroy, the teacher may Ve adle to work out a course
&suirable from the viewpoint of high school chemiatry.
Hooh of this lost motion could be avoided if a properly
formmlated oourse has bdeen taken by the %eaoher,

It wam meen in Table XXVII that Montana teachers
have not dbeen prepared to any apprecisdble extent to teach
shemistry by having had a course in its methods. The
principal sontributor to this lack of preparation im the
dtate of Montana itself, The results of the question-
maive show that of the 42 teachers represented in the
responses, 17 are graduates of Hontana schoola, Hot a
single ons of thess teachers have had a course in the
teashing of chemistry. In the case of third olass 4is-
triot sehools where grsduates of Montana institutions
seem to predominate, not a toacher has had such a course,
then 18 fs taken into oconsideration that these teachers
are inexperienced for the most part, and very limited in
their preparation to teach chemistry, it must be admit-
mfhﬁtm in methods of teashing would add greatly

te their effioiency and effectiveness. It is true that
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many of these teachers had no idea when they were prepar-
ing to teach that they would be called upon tc teach this
sabject, oomseguently they would not have token the courme
sven tho they hed had the opportanity. But the faot re-
mains that they are required to tench the sourse. If
these tocchers wish to improve their teashing by taking
a oourse in the teaching of chemictry, 1t will be neoes-
sary for them to attend some® school ocutside of the state
ag no provision is made for such & course in Hontans.

Feoks of Summer School the Teashers Have Had in the
Pag$ Five Years and Courses in Chemistry They Have Taken
Daring This Zdme, I cortain of the teachers are not
well prepared to teach chemistry, what effort are they
making to get such preparation? Tadble XXVIII throws
11ght on this guestion,

Table XXVII]. OCourszes in Chemistry Taken by
Tecchers in Summer Schools,

Voo ARewded] Av lomyih

eh- ! R
Zi; |SHMMQ—"} 4"&

Yopras 1 Ohosl ! Courses in Chemiagg taken

Y5t Class Tlelas B3 ﬁ % m?« E:!; cﬁgmg rogiaarul x ”{1
eth. of teaching 1 teacher

“T0e Hede 97 Phyalologlc Leachers;

Yolumetrie 1 toacher;
Caal end Quant ) teacher

2 Clasa Diste, 17 11 15 " 1 yr. grod. work in educa
2 $.; Heth, 1 t.;) man 2
wesk in Org.,P o, ‘mant.

—5—Tome g

%

N BEnt Jobhoeala 48 5

Peis B0 L . >, . }16
(8] Plus 3 dolng 1 year's gradunts work.
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It is perfeotly olear from Table XIVIII that the teachers
‘appear to be satisfied with the chemistry they have, and do
not try to take mors in summer achcol., As poorly gunalified
as the teachers of third class districts are tc teach chemis-
try, not a single one reaponding had made &sn offort to taks
more chenislry to improve his preparation,

Years of Experience. Questions 16 and 17 of the ques-

tionnaire were asked ao as to get this information, The re-
sults are tadulsted in Tadble XXIX.

Table XXIX. To Show Total Teaching EZxperience and
Experience in Tesching Chemistry.

Total Teaching Experience ~ Experience Tesching Chemistry
On ’ . + . } W o

D n %
Expert- o338 ¥ 2 e Y 5
ence '{“é{\o}l‘xg S 2%5 ‘\"6-‘;5\.';55' \S tg
0-10 M0 2 7 2 11 .8 1 4 7 Z 15 20.56
L1~20 P0a % . 4% 2 VI%E%_ T [ 342_ 6 1040
3140~ 2 I X 7 2.7 > 3 Bel
"0 " T 1 A %)
B1-G0 " o 5 Vel
B1~70 ¥ X 2 o 7.3 4 T & 68,0
=5 3 %5
“B1-100 mos 1 1T 2 4.3 1 2 T 4 10.5
101=1560 MOe 1 T 2.4
“IZ1 or more '
months 2 1 3 7.3 2 2 5.3

The faots listed below are of apecial interest in this
table:

1, Over one-fourth of the teacshers are teaching thelr
tm.

2, Porty percent are teaching chemistry their first year.
3. Seventy percent of third class distriot teachers are
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teaching chemistry the first year,

4. None of these teachers have had over two years expe-
reience teashing chemistry.

Comparative data are availadble to which the teasching ex-
perience of Montant teachers of chemistry may be compared.
This data is given in Tables XX and IXXXI.

Table XIXX. Teaching Experience of lontans Teachers
of Chemiatry as Compared to (iher _tates

T years 2 years ¥ years 5 yrs. Lore'n

. or less or less or 1s, & »

TonLana . g%:.ﬁp’" 3;. ;ﬁ Bl.c0 DB b gaﬁo
“Wlsoonaln®t< 47.2p 82.0p 18,02
Fowers, Survey©s . 37.1% 62,97

Texasa 104 »  OLeB0 49.55 N:

It will be seen from this tadble that in the matter of

teaching experience the teachers in lontana make a somewhat
better showing than those of VWisoonsin, dut rather poor when
compared to teashers of Texas and those represented in the
3. R, Fowers' survey.

In the matter of experience in teaching chemistry the
Chio survey is the only one providings gomparative data. This
is shown in Tadle XXXI.

8B, Nogers . olt., p. 1310,
63. Powars, %2:—5115": p. 815.
64. Oppe, og'l_ﬂ_—‘. oit., p. 1750,
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Tadle XXXI, Toaching Ixperience in Chemistry of
ngngxiz: Teachers as Compared to Teachers
O .

Une year iwo Years J yeard o years Lore Lhan
Expe or lesa oy less or less § years
) L ) a . . 'Y
“Yon P ADeb 0 ﬁug ‘ i ’
"OKIE%B 5,08 40403 B2.85  68s15 82,0

L

This tabdble showa that in the matier of teaching experience
4n chanisiry Honlana teacheérs have had consideradly less exe
perioence than the teachera of Chio. 7The significance of the
differences found 1a Tadles XXX and OT will become more
significant after the discussion of tenure.
fenure of the Teachars. The length of service in the sys-
tem must have smuck $o 4o with detormining the efficlency
of instruotion. Eapecially is this true of the teacher of
high school laboratory sciences. The following reasons are
advanced to support this contention:

1. If the teacher is %o retura to a school he will order
ladorstory supplies so that they will be on hand for the begin-
ning of the next school your.

2. Llaboratory eguipment and apparatus will be kept in
repalr and in plags, thus minimizing the effort necesssry to
put 1% into operation the next tizme the sourse is taught,

. 3, If the requirement znd stondards of the teacher in
a scurse are known to the students - and they will be 1f the
tondher 1y a returning teacher - there is muoh lost motion
prevented through registering in the course and then drop- .
ping 1t deocsuse "it woa not what the student thought 1t was.

4, The stulents ard tescher will be sogualnied $o some

8. Thelan, ope olte, DPe 2309
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gone extent at least. This makes mugh esaier the soolal«

ization, freedom in dlsoussion, and exchanzge of 1deam and
sxperiences that csharacterize any ausesssfally gonducted

0lasse ,
5. The spirit of the department, what prinecipals dese
srite as Yeonstantly inoreasing interest in scionse” pomes
only to skillful teachers after several yocrs of effort.
In surmory 1t may be sald that sll of the goeial aims
that form such & large part of the objeoctivea of chemistry
rest vitally npon this betisr noquaintanas and understande
inz dotueen teacher and stuldent, 7The experience of the
writsr haa been that thig does not come fto the dssired ex-
tent the Pirat year the teasher is 4n the system, nor the
seoond, and that it comea many timea easier afier a fow
yeara teaching experience,.
| The length of tenure of the teschers, reaponding to
the gunestiomalre, in thelr present schoola is shown in
Table XXXII. |

Table XXXII. Tenurs in Schools vhore Teachers are Tsach-
ing.

ith & Yore than

8 3 808 ’ ’ O '
7. L A, 5 3 3 2 -}
mm. E" . ki g 3 T
TRt T B — 5 >
WoNnVe SCROOLS » 2} o
WW I
& " =T &
—reroentasen Tl B6 Y00 384 Sk

{a) One teacher 20 yoars.
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Seventy-one perosnt of the teachers have besn in their
present mehool three years or less. More sericus than this,
however, is the faect that nine of eleven (82%) of the teaoh-
sra of thiwd elass diatriots have deen in their schools two
genrs o lens. In the second olass district schools, one-
half of the teachers have been in their schools two yearns
or lsas. Ceriainly these schools are not achieving those
things so desirable that come with long tenure. In compari-
sen with Nevada, Montans d40oes not gompare favorandly in the
matter of tenure of chemistry teachers.

Extent to Whioh Teachers lske Chemistry First, M,.
or Mird Choilce “hen Applying For a Position. It is & well
resognizeld practice in eduscational eiroles that in making
application, thoge teachers who feel that they are primar~
ily prepared %o teasch a sudjeot will make 1t first cholcs;
that thoss who are fasirly well prepared to teach & subleot,
bat do not have primary intereat in it ,gounlly desiguate
segond cholioe; thome not prapared to teaoh a subjest and
who would teach the subject only becuuse it wus necessary
to &enignate the subjeot third shoice or not at all,

e teaghers of chemistry in lontana designute thelr
shofos of chenistry as shown in Table XXXIII.
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fable XIXIII. Extent to Which Montona Teachers Eoke
Chenistry First, Second or Third Choiee
¥hen Applying.

' I8t Cholas . end Choloe  ord Uholce
;;:a % gﬂo I& N0, % 1i0e %
ag Diata. ‘ N _
T g% T Yy
'g% %&siﬁﬁists. 1l Py 4 25 L Beo
. UL1a88 ViBtBe | D 40.D o 27 3 a7
q 8 ' fg 5509 g Bm "B Igcs
ava, - . .

In the abaense of reliadle somparative dnta, Just how
significant the above tadble ia, is difficult to dstermine.
If the premises agsumod in introdueing the guesition are por-
rect, then 1§ may be conoluded that only two out of three
chemigtry teachers in Hontana fecl that they are primarily
gualified to teaeh chemistry, and that less than half of the
teachara of third c¢lans dlstriets feel they hove the dest
qualificatisng, One out of eight teachers fesl that they
ore not qualified to tanch chemistry and that one of four
in third class distriats feel thnt they sre teaching chem-
istry %hen they should nst. The tabls irdicates olearly
that there 13 mush to be desired espeelally in third class
distriocts.

Experience of Teachers in Chemiesl Industries, The
teacher who has had experience in chemiesl industries must
be a better teasher for this experience, From thism exper-
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iense a foumdation may be laid that will give a prastical
tarn to the teacher's instruction that is lacking in most
sases in the teashing of high school chemistry. The teach-
er oan inorease lnterest by telling something of his ex-
periences, of the rcqnirements of a commercial chemist, and
e¢an present the sublect so as to present better its vooca-
tional possidilities. This experience provides a point of
departure from which to get the socialization of the course
upon which musch of its suocess must depend,

The mumber of teachers having had experience in chemiocal
industries is shown in Table XXXIV,

Pable XXXIV. Experience of Teachers in Chemical
Industries.

kxperi- No experl- No an-

, ence ence swer
“Hirat elass dlsirlot schools p!
econd elass d1Btriet sohools
“Third elass dlsiriet sohools

_County high sehools 5
e seols

80 16

Yoy o

b4

]

o 14
et [

Mors of the teachers have not had experience than have
had. Pew {only 18 percent) of the teachers of third elass
distriot sechools have had this ohemical experience.

The industries that are represented with the number of
teashers having experisnce in each follows:

(a) FPour teashers have worked in steel mills and
foundries,
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3} Thres Seachers have worked in sugar mills
e} Two teachers have worked in smeltiers
&) Two teashers have workod in minos or mills
s} Ome teacher in eagh of the following: ore
wﬁﬁo is, artificial ice plant, canuning
2y -

™e longest oxperience reported was fourteen years asz
aseistant ehief chemist in a sugar factory and the shortest,
ng 1ittle” in a steel foundry.
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Suymmary and Conclusions

1. ¥ore than fifty-perceat of thes tecachers of chemiatry
in ¥onktans are grsduates of Hiddle-~westaern schools, ibout
29 porcent sre graduates  of gontana Institutions with the
next largeat group rrom other Rocky Mountsin and Pacifile
Coast States, |

2e rorty-nihc percent of the Seachers of chemistiry are
graduates of state universities, state solleges or ather
iastituticns of £irst rank. Sixty-one percent of the teschers
{n third olass Alstriot schools are graduates of denomination—
al, private, normal schools or teschors' colleges,

3« ¥Tow of the Hontana teachers have sdvanced degrees,
About 83,5 peroent have the 3B, A.-or Bs 8. degree with 6.2
percent not having & degree (or having & normal 4iploma),

It 1s likely that some of the other states in the North Cen-
| tral Associetion area have a larger -ercenta;e of teechers
with d1plomas or without degrees. '

4« A comparatively small proportion of the teachors in
Kontana teaching chemistry have a college major in that sub-
jocts If a major fndiocates mastery of the subjsct much must
be déna t3 improve the qualifications of the teacher of chem=
istry if efficient instruction is to be had. This 1s es~
poslally true of teachers in third oclass distriets,

S. In the number of hours oredit in chemistry and sub~
jeots related to instruction in chemistry, Montana teaohers
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oompare well with the comparative data available, Tseashers
in third class districts have conaiderably less oredit in
physics and chemistry than the teachers in tho other admine
istrative groups.

6. In the metter of courses in chemistry the teachers
of ¥ontana have tﬁken. favorable eomparison may de made with

- oomparative data available; one notadle exception is in thé
case of a course in the %caching of science, The low pere
centage of teachers who have had such a course in Montena is
due to lack of preparation of graduates of Hontana Institue
tions in such a co.rse.

7« The few csourses in chemistry teken by teachers in
summer school indicate that the teachers are very wsll sat-
1afied with the preparation they have to tsech this subject.
The feots as found in this siudy, indiocate that third claes
district teachers are mot well prepared, and that they make
noe effort %o improve thermaselves, |

8. Fifty-one percent of the teachers teaching chemistry
have not i:ad gore than three years of teaching experience,
and S8 percent have only had two years of experience toeach~
ing chemistyy, Other states show that their teachers have
somewhat more experience than those in Monians,

9« Some 58 percent of the teachers of chemiatry 4o not
stay in one school over two years. Tenure in the case of

third class d1istrict schools 1s rarely more than two yoars.
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™mig 1s to be regretted as mnch of the efficiency of in«
- ‘stwaetion, and achievement of the sims and objectives of
teaciun_g chemistiry are loat,

10, Sixty percent of the teachera give chexigtry first
chézec and twenty percent second choice when applying for
teashing positions. It £8 very prodbadble that the 12 per-
eeat glving chemiafry third choice are not prepared to teach
the subject and have 1ittle Interest in its teaching.
Twenty-seven percent of these teachers are in third class
&istrictae
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CHAPTER ¥V
GERZRAL METHOD3 OP TEACHING = BOTIVATION

| Having 41soussed the objleoctivens desirable as cutoomes
of teachingz chemistry, and the 'qualiﬁcationa 0f the teach=
ers %o achiove these cbjestives, the methods employed by the
teschers to obtain thelir reasunlts may be logileally disoussed.
Since the textbook must form the foundation upon which the
teagher 18 to hﬁild, this fsetor will bde Aiscussed first.
The Textbooks Used. Perhaps in no other high school

study is the subject matter undergoing greater ohange than
in ochemistry. ZEvery three or four yesrs new editiocna of the
moet commonly nsed textbooka have appeared, Incorporating
changea that have result ed from the new developments of chem-
istry, and the changes in the methoda of teaching the subjest.
Bumercus excellent texts have been writtan for high schoel
use, any one of shich would be 8 good sdoptisn. If the num-
ber of aldoptions may serve as a oriterion of what the teach~
ors oonsider the desiradble outsomes of teashing the subject,
then these muat bde found in the textbooks written by the fol-
flowing agthoraé?(ai Erownlee and ot?m.666ébl KoPherson
and Hendorson, and (¢) Flack and Conant. Analysis of the

sudbject matter of the rocent editions of these books is not

68, trownlee aud others rirst Irinciples Of hemistry, Hew

67, YoPherson and Henderson Chemistry and Its Uses, New York
1927.

68, Blaok and Conant, Pragticsl Chemistry, New York, 1929
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availadle, but the pudblighers of at least "ne of thege -
Brownles and Cthers - make the olaim thru their advertising
that their bsok is written with the expressed intontion of
meating, to the greatest extent pos-ible, the aims snd objec-
tives as lald 4own by the Committee on “eorganization of
Secondary Edneation:?g

0f the schools teachinz chemistry in Montana in 1928-29
sdoptions were as follows:

Brownl el cececnnecccmncacace-a4Q

liorherson and Fenderson ----18

In most cases these books were of the most recent edi-
tion.

Time iven by the itudent to the Classroom and Labor-

atory. It was possible to et o:mplete data on this point
from {%; reports of the prineipals to the Uigh School ‘Super-
visor. The length of class periods with the number of

times the class meots per week i1s ziven in 7able XIXVI.

69« Analysis of the subjeot matter in the older editions of
the textbooks cited above will de found in:
(a) Arthur E. Bathe, An Analysis of Eigh School Texts in
Chemistry, Journmal of Chemical bduoatlion, 2: 70b-791,
Septs 25) .
{b) J.Coonog and J.C.Colbert. * Cuantitative thalysis
of A{ms in Teachine Eigh School chemistry, ochool
Solence and Lathematics, 24: 1606-173 (1924). »
04 gnpor;c of prinoipals to High SchoolSupervisor,cp.cit.
art B,
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TableXIXVI. Bumber of Recitations rer lieek and Iength
of reriods in Minutes.

Tength of ieriod 2 times 3 times 4 times b times
per weex per wesk per week _Ber?peek
9 R

30-43 ince 2 21
iNCe T.)_. B
55-30 i0C « v;: 3] w_é
- inge. 2

It will be noticed that the predominant tendency is to
have the 43 or 45 minute recitation three times per week.
i ghty~seven percent of the schools Lave the 43 or 45 minute
period, and 67.5 percent have the 43 or 45 minute period
three times per week. The predominat ing tendenscy over the
gountry as a whole is for the same arrangement. In Chapter VI
it will de skhown that tho well defined tendenoy in lontana is
to have the 90 minute laborstory period 2 times a week. <ince
36 weeks is the ocuatomary length of the school term in iMontana,
a simple orloulation shows that the student devotos not more
than 190 hours to class recitation and latoratory vwork for
the year.

3ize 0f Classes. Large chemistry classes in llontana are
tho exsception to the rule. iwo ress.ns sccount for this:
{a) theres are few large schools; (b) assosianticns acorediting
sohools in liontsna place the upper limit st 30 pupils. Table

IXIVII is presented to show the slze of olasses.
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Table XIIVII. To Show the Largest, Smallest end Yedisn
giged Claasses in Variocus Supervision Units

Second 7 ll igg 19.9 3.6

Third - 3 9.0 Bl 12
county Eigh SCh00LS o) 107 4.9 14
111 Lontnna schools 21 18,9 6.5

In dgigansaing the rosults obtalned from his survey, S.

malle LATZ0e F 64160 L63eDe Egﬂgf
15

cmcwj;l

R. Powers, (see bibliogrsphy under thig survey for the states
reprosented) assumed that the optimum sized class for sn ef-
fioient and well preprared teacher was 24. In his survey it
was found that €7 percent were of this gize or smaller. In
Montana it 18 found that 81 percent of the schools wonld fall
into this gromp. Eith the exception of the scYools in the
Lirst oclass districts,vhere the classes are 28 a rule sa larg:
as will be permitted by the acorediting aszoclati on, the median .
sise of classes for the other administrative divisions i3 under
20,

How the Class Period was Utilized. In answerimg ques-

tion 30 of the questionnaire the teachers were asked to ap-
proximate the time given to variocus olesa aotivities. The
answers cannot de velry exaot because 5! the nature of the in-
formation sougbt. The purpose of the qestion waas to deter-
mine if the teachers recognized the rrocedures listed as be-
ing part of thelr class work, and to get s-me rough idea ag

to the importance sttached to the procedure as meaaured by

V1. Fowers, optsclte ps B1D
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the amount of time dovoted to thenm. conaideriug the nature
of thae question the writer was eurprised at the numbay of
teachers answering; 28 of 42 responded. Several of the
teachers qualified their answere by writing in that the ques-
tion wms 4ifficult to anaswer because the time gilven to each
activity varied so.

Assigmment of the lesson should be a very important part
of the oclaes procedure. Iifuch 0f the subject matter of each
lesson will be entirely new to the student. In the ordinary
high gohool text this sudjeot matter at best will be muoh
oondensed. To got the best results the teacher wust supple-
ment the text, either by making mssigned outside readings,or
by drawing on his own experience. inough time should be de-~
voted at this point 80 thet when the student studies the
lesgon for himsell he will feel that :e is building upon =
foundation that 13 already a part of his experience. To be
dons properly this "clesring up” process may well take from
10 to 12 minutea of a 45 mimate period.

Of the 38 teachers answering this item of question 30,
it was found that:

Tadle XXXVIII. Time Given to Asesignment of lesson.

030}}0ra give - A e UL A o 1 - é minﬂtﬁa

2 1

4 1090h6r8 PIVe weormwrmccmccc—waemee 3 - b minutes
3
t

The pronounoced t endency is to give from three to five

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=87~
mimtes. The writer ia firmly of the opinion that in chemia~
try more time should be given to thia very importsnt part of
the lssson, ToO make the assignment prOporly the teacher must
prepare ahead of time, and this many teachers will not do.

If the ssaignment of the lesson has been properly made,
the time required for the discussion of studont difficulties
will be much reduced. The purpose of this activity should de
to di=zquss those difficulties that have besn general for the
class. However, 1f the assignment has not been made properly,
the teacher will f£ind 1t necessary to d1iscuss many aifficul-
ties that the students would have been adble to clear up for
themgelves 1f thoy hsd had some foundation upon which to build.

~ In anawer to the ttem of how much time was devoted to
discussion of student diffioulties the teachers' responses
were as shown in Tadle XXXIX.

Tadble XIXXIX. Time Given to Discuasion of Student
Diffieulties

10 tea:hers devobe e enmee—— 3 - b NLOULES
€ACHOYE QOVOLO mmrececcwrmmecomeeanmme O - ninutes

1 L020hOr dOVYCLOS wamameo—mm— ——== 11 « 20 minutes

ItQQOhers - B g T AP WL T Ty W TP e e v as ey e T BT

D tonghers —recncconvencrcvcnecnece=ne=ae §0 10t ansver

| The tendency is to take from 3 to 10 minutes of the
0lass time for this procedure with about half of the teachers
taking from 6 to 10 minutes. This is probably not more time
than ghould be taken to obtain the best results, providing
the time is devoted to olasa d1ffioculties rather than to in-
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dividual student difficulties.

The two activities ssked for next ~- time devoted to
questisn and 4rill work -- may well be discussed together.
lMany teachers do not distinguish detween them. Tables XL
end XLI show how the teachers divide their time between
these procedures. '

Table XL, Time Devoted to Lumestioning.

¥ teachera taxe ———— —— —oremee & = 10 minUtes
-T" teachers tAK® mucwmvcrmoccocoenennmen-—ce——ew 1lelb miNULOS
6 teschera take « - - o - - 16-20 minutes

11 teachera £t8K0 ccmmmrcvencmmaeceee~e— PP Lhanl 20 minutes

Table ILI. Tiwme Pevoted to Irill ¥York.

1696N0Y8 LOKO mevmmsumcue<mcccaeneaameeeeee J = & MIOAGLOS
13 teachers take eeweeceremerscace-wmen-eeee—e b -10 Binules
4 teachers take « s oo w e mwemm  11elb B NULES
T 3 LEBOROTH LAXE wrme—ecmene-cceenoneenoceeee—e 16=20 MiNDULES
[ 090hers tok8 emweew—wsseesemmewew==n5re than 20 minutes

=

,Qqq})erg - T Y T el G W V- S W O A iy e T T A O W v Ul S var

o'mlm

taaohers --------- iy 5 T B A G -G W U 4 S e WD - WS e W ao not ansvey

The approximate mediasns in minutes of time taken for
these two sctivites are 15 and 8 minutes respectively. PFor
those teachera not distinguishing sharply between the two ace
tivities 23 minutes are consumed in what has been termed "re-
hasling”, The oriticism male of these sotivities is that
this time is devoted to learning with minimum student effort
in the slaseroom what the student was supposed to have lesrned
outeide of class; or, it i{s relearning what the student has

been too indifferent to master by his ovm efforts. MNuoh time
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msy be wagted bere and inmefficlent instruction results. From
the resuits obtained in the tatultaisns sbove 1t may te etst-
sd oonservatively that on the whole from one~third to one~
half of the class period is given to questioning and ériﬂ
work by teachers of chemistry in Montana. A direct question
was not asked ss to what form drill work took, altho it vas
recognized at the time the questions were formmlated that
this fnformatlon would be desirsble. Drill work, where the
whole olass participates, is recognized as a most desiradble
form of alses agtivity. The use of work books by ths stu-
dents, and the use of supprlementary materisls such ss those
listed in question 31 of the questionnaire provids this
meana. Surprisingly few teachers use this type of materisl.

Itenm "e"'ot the question was formulated to determine to
what extent the work of the student was supervised by the
teacher, The answars indicate clearly that very little time
is given to t}xia individualised mode of progedure., Only 10

. teaghers indioate that they have supervised atﬁay; eight of
the ten teachers are in systems bhaving the 60 to 80 minute
periods The time devoted to surervised study varles from
three minutes to twenty as showa in Table XLII.
Table ILII. Time Given to Supervised Study.

;0&0}}0?8 take G S R T S A SR W - - e . 6 ‘16 !ﬁimteﬂ
Tt@aotjers tﬂk’ WG R GRED TG T P A G AN gl N V- AR B G B S A - ﬁ'gﬁminutes
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The writer believes that ths supervised work mode of
aless procedure is just as foasidle with the 45 mimte class
poriod as with the longer 60 ani 80 minute period. In making
recommend st fons = Chapter vII -~ this will Ye 4iscussed in
more detail. |

Perhaps one pf the most construnotive activities of the
class rcom is tho use of demonstrations. Very little emn dYe
deternined with regards to the teschers’ anawers to this
item of the questionpaire. About the bdsst trat oan be done
is to determine if this procedure is a rescognized part of
the class room works Surely with those teschers th:t indie
cate five minutes or more of tke clasas pericd given over to
demonstrstions it may be assuned that 1tAis an importnsnt mart
of the classroom techni; me. For those teachers who indioaste
leas than five minutes, vary, or who 40 not anawer, 1t may
1o assumed that thia astivity rlays 4 minor psrt. Tecognize
inz the eerioue 1imitqticng of the data the responses to the
itert have deen tabtulated snd ere presented im Table XLIII.

'z'ula ILIII. Time Dorsted tu Clsasroom Demonastrationse.

tenchiors d6V. 10 weeemeommocma=e m———o=~-- 4 - b minutes
te:0l.6T8 GOVOLE —ecmmeemmm——eecmomm———=—= b -10 miDutes

2 teﬁchara - S5 gy Y W T EBge Wrew W Wres oo mananw 1) SO 15B3rﬁt I“(J!er 10d8
B to*)OherB B TR . WD ae e e S B AN A A W A T ar B T e ~——- LY

Accepting the limitations made above on the reliability
of this data, it may be assumed that 16 of the 40 responses
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(40 perscent) indiocate that c¢lass demonatrations pluy an ime
portant part in thelr method of condusting the clasa,
The Extent to thich Weview and Drill BRooks sare Used.

Question 31 of the questionnaire was formulated to get‘this
data. In ocommon with other high schools subjests suprlementa-
ry tesahing material {.: gvailsble in chemistry. imeh of
this material is very good and its use would enhance greatly
the value of the acurse. Especianlly i1s this true in the case
pf inexperienced teachers, or teachers ®ho have not had spe-
eial training in ohenistry. In s later chapter the writer
will digcuss im mors &etsil the use that cm be made of this
type of material. |

Of the 42 teschsrs answering the guestionnalre only five
made use of a review dbock such as the Oxford;va 2 quesgécn
book such as Cook's ‘New Type yuestions in Chemistry®, =2nd
four nased gractice meterial in probdlems such as Dinamore's
*Cheniaxl Cﬁlculat1938“-7‘ Ounly 10 peroent msaie usge of this
supplementary meteriél. considering the great potential
value of these books to the teachers by relieving them of
mmoh of the drudgery of review, drill, and ruiszzing, and
their deoiled value inm organiszing snd systematizing the

asurse i1t is surprising that they sre nct used more gener-lly.

¥3e . S. Stannird, Lhomistry Jeview Fook, |hew Yorg, Ju:4)
73. Charles G. Cook, Lew Tyre .ueations in Chemistry, Rew

Tork, (1927)
74. Zrnest L. Dlnsmore, Chomisnl calonlstions, (Hew York,1927)
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Three tesckers in :ontana, teschera of a number 0f years'
experience, Lsve thia m.terial that they have made up
themaelres.

2tudont Rerorta ag a “ernlar Featura of Jlass Zork. Yo

attempt was made to determine to vhat extent tl:ese rerorts
wore recuired. 7Thls InZornmation would te valusble withount
doult, btut besasuss of the length of the questionnail-e, and
the aluzost universsl lask of any aystem of requiring reporta
V7 teachers, no effirt was mude to deternine thise The npnese
tion az zsxed in the -uesticonaire (Luesti:n 32) asked for s
yes or no angwer to the question of whether reports were a
regular feature. The extent to vhioh they sre requivred is
sbown in Table ILIV.

Tadls 11IV.e oxtent to hich Jlass RMeporta are Yequired.

323 Tequire reroris as & rezuiar feature
6 resuire ccosslional reports

35 do not recuire reports

1 total

l

ot

l

>

The purpose of the teaasher in resuirinz these cutslde
reports is (a) to sncourage cutaide rexdinz, (d} to increcao
interest and enthusisam, (o) to give the student a better
conception of the import-nse of chemistry im industries,
health, and im everyddy 1life, ~nd (4) to yrovide for the
worthy use of the leisure time of the student. In other
words the'studeut report {8 made an important part of the

methoda uged in seveloring vhat s.me writers have termed s
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*rapdemic® or *cnltnml'vscourse in chemistry. Those teach-
ers whose primary aims are to devolop the facts and theories
of ohemistry - wh ¢t may bs termed the ":rofeasional® aspeot
of chenlstry - will makt; baot 1imited use of this device.
little time will be ava1ladle in which to make reports.

Iz the writer to take the next step snd sonclude from
Table ILIV that only a few more than hal? of the teachers
of the state stress the cultural aima which are in faoct the
aina ag outlined in Chapter II1? Hardly on the evidence of
this questiocn alone. It will be recslled that it was these
ocultursl aims that ths teschers felt they obtalned in gronte

76
est ampunte.

The Extent To -hich the Teachers Make Use of Frojests

in Thely Teachinz. In proposing the sims and cbjestives de~

girable as outoomes of a course in cghomistry the Committes
on Reorzanisation of Seaondary Sclence presupposed the rather
extensive use of the projsot method. On page g;vantoen of
their report {s found the followinz statement:

»The pupil should be ensouraged tos bring in

materials to test in wvsrious ways and, whonever
time permits, to perform sdditionsl experiments,

Y5« Jobn K. Sampey, An Outline of rendemio Chemistry, Jourh=
'al of Chemiaal Education, b: 12 s (0cts 108 )s

76, Of interest cn this point 13 8 quotation taken from the
report of the Committee on Reorganization of Secondary
School Solencs,ops 61te, pPe 40+ "The study of special
toplas and reporte upon them by indi{vidual members should
be enacuraged alonz the line of their specisl interests
ses By this plan individual initistive and ablility may
be glven encouragemant and the whole cls ss atimulsted”.

77+ I1bid., pe 17
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the results of whioh may bs reported to the olasae.
ess IR this way the work of the clsgs will have
:1::;;§:§n:§a socpe that will mske the reaalt s more
The axtsnt to which the teachers encoursge the students
to ”d&raIOp effective methods of solving problems that might
arise in resl situstions, or to "control an apireciable
body of faots and principles of signifiosnce in the home and
commanity, or tc "develop & higher sprreciation +.. of
the plessure and pr;agit to be obtained b, the exeralse of
his own abilities,” 1g indicated in part by tte numbor of
theses independent problems or projecta worked out. This in-
format ion {8 given in Tadble XLY.

Table ILV. RExtent to ¥hich Projects are Dous.

“TBohoOl8 Treport in® Lhut ProjJecLs 8re QOoN6 seemwmeaweme
Schools rernsrtinz that roi e3t8 ars not 4oNe meemcema=
E0e 02 mEooIs in which tw rojeats @re doNG wwwesew

"ﬁo. o; sahools in whioh EFrae projects vere 4one —---

Je 0f sanools in which five projects were done ~ww—=-

The tabdle showa that faw tesachers have thelr stndents

safooleol Ny

d0 projects, and that the few thsat do, work very few projects.
E££ort lnde 1y Tesohers In izricultursl Communities to

Make Apnlication of Thelr Teschinx to the Problems to Fe let

in Such & Cormunity. The writer has often wzondered just hos

the bigh school course im chemistry might be modified to meet

best the conditions found in an agricultural community.

V8. Items, De U, 800 D 0F question 4b of the quosilonnalre.
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Oertai.n.l‘y 1ittle is learned in the ordinary ocollego cou-se
to aid in makxing thie appliostion, and there is still less in
the ordinary high school textbook im chemistry to appiy it
¥ith. Ioccuse msny of the commnitics in Hontana sre of the
agriculturd type the scurse in chemlatry in these communi-
ties could be greatly vitalized 1f more than passing stten-
tion was given to the problems to be met here. 3Zven if they
det red to &5 80, few teasheras of chemistry would xnow how to
go about attacking the problem, exoept possibly those who
bﬁve studied agrieulturﬁl chemistry. It is suggested that
this phase of chemistry shounld form one of the aorneratones
upon ¥hich & course in the teaching of chemistry should be
baged. _

~ The data s0llz cted does not show quantitatively' to w hat
extont applicaticn is made, but dses show to what extent the
teachers recoznize that epprlication of their teacking in chem-
:151';:: is pertinent to the problems of the communitye.

Tadble XLVI. Effort liade to Apply the Temching of Chem=
istry in Rural Comnrunities.

Fumber teaochinz 1n ARricuitural COMNUNLLL 68 —eeeme==—=3b

Yambor of avove maXing direst sppllostion oF
th@il" teao‘:iu '-“"-----‘“-b-”-—bﬂ:-—---mnogs'

Number answerinz 'in A general way' Or "some’ meceweme 4
Ler mnawerinz No GPLlloatioN e=e—eecccscmemeonama. - b
m@hﬂr not an“er}.ng O-------~-———------—-—-o----uo--T

This certainly ia s very fine shovinz and the tenchers

of ohemistry are to be ocmplimonted. It shows, at least,
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that they have the proper attitude whatever thelir preparstion
pay be to teash this $type of chemistry, or what the outoomes
of their teaching might be. It 1s worthy to note here that
four of the five teachers inlleoating that they nmade ﬁo appli~
sation of thelr teaching to the prodlems to be met were teach-
ers of third olass distriot achools, (See msater tabulation,
Appsniix 4}.

Extent to %hich Teashers Hske Use of Visusl Educstion

in Thelr Teachine, anortunately this qnestian'ct the gques~-

tionnaire was so worded that many of the teschers may have
thought that visual educatlion was limited to the use of motion
pleture and slides. This is far from true a8 iz shown by a
definttion for visual edusatlion proposed recently.’? "The
representation of an objest, a situation or relationship in
either two~dimensionsl line or three-dimensional form, which,
wher it mccompanies langusgs, tends to make the latier more
interesting, intelligent, and impressive.” In explaining
thia definition the suthor of the article said any of the
following might be inoluded: dlackboard, chart, excursion,
exhidbit, map, model, pleture, actnal specimen of whatever
forn, films, film-alides, stereoptioon slides, sterecpticon
Plotures, opague projection appartus, and dramatizaticns,
Recommendations will de made in Chapter VII as to the
possidilitlies of making greater use of visual education in

¥9. James Jo weber, I8 the Term visual Lduostlon tclentiflo?
The Fhi Delta Kappan, 11:78-3, (G0be 1920 /e
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teaching chemistry in Montana, At this time it need only
be sald that $o the writer if seems that in visual ofuca~
tion there 1z an op-ortunity to make instruction in chem
fstry of vital interest to the student, and of direct
valoe to the communitys In Tadle XLVII a summary 1a made
of the responses made by the teachers to the gquestion on
virmual ednoation.

Table XLVII, Use cf Visual Education in Teaching,

gl made no use oY ViSusl squcatlion

made use ol visua aeation
— %ﬁgoga:nz‘ﬁagoma ¥ , eiuncation, not much
The intorpretation of the &ata in Table XLVII should be

that only two #choola make use of glides or films. ALl of
the teczchers of course use visoal elucetlun to the extent
that they illustrate on the board, study the platureasin the
toxt bcék,. meke demonsirantlons of raw material, ote. In gen«
aral, however, it may be staiecd that Lontana teachersc mzke
vory 14ttle uss of that very powerful teaching agency.=
visual education,

Indnstries of a Chemioal Fature in the Community. A
paragraph from the Report of the Committes on Reorgonization

of Seience {n Secondary Schools prompted this question. The

L

paragraph i quote&:so

BU. Heport of Coanlttee, ops Sltss Pe 25
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*In the past, chemistry courses over-smpha-
s8ized trLeories, oonceptz and information of value
principally to those who will pursus advanced
eourses. A oourse whish emphasizea .L.e chemistry
of industry, of commerce, of the seil and of the
household, furnishes a wider cutlock, develops a
practiocal appreciation of the scope of ghemicsl
service, and moreover arocuses an interest which
leads naturally to further study."

Ivery teacher should de anxiqus to make applisation of
his teaching to such industiries as are present in the ocommun-
ity. PFortunately, even tho the teacher does not make this

"appliseticn, the alive and wide-swake student s likely to.
Table ILVIII shows to what extent induastries of a chemicsl
nature were present iIn the communities in which the teachers
that responded to the guestionnaire were teaching.

Tadle XLYIII. Industiries of a Chemlosl Esture in

the Communities fhere Chemistry 1s
Taught.

“Meachers responding Lhere wersa fno Puch LNJUBLPLES ===- 1o

Teoohers responding Lhers was One BUCH INJUBLLY ===w=== 15

“Weaohera responling Lhare Were LWO SUCR 1OGUSLILes === 9
Teaol.ers respondinz LHere were LLree Such 1ndusiries -~ 4

The industries reported are:

Smelters and reduvotion works =--- 6 times
Water softeninz plania =ew==eeew § timea

Sugar factories «-mene~ cn== § times
Ci{l refinery - cneme= 4 times
¥lour mill =—= cwmmnane 3 times
¥ines emwnacecenesces-es 3 $imeg
Agsay 0100 =~=cmna o - 2 times

U.Se grain laboratories -~==www= 2 times

Zach of the followlng: ««=~==~== 1 $ime
ges works, gold flotation plant, gypsum
plant, cenning factory, manganese mill,
car shop, cheese faotory, cemant factory,
isce plant, oreamery.
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It 1s probable that in aome osses reference was made to
plants 1n other communitlies, dut at such distances that 1¢
eould be visited 2y the chemistry olass. If a 1list of in-
dustries had been included in the questionnaire instead of
asking the teacher to name them undoubtedly the list wounld
have bsen larger as some of the teachers must have overlooked
industries that they would bBe likely to visit, or that their
students would visit. Of the 13 achools reporting ro cheml-
eal industry 8 are found in third classs distriots {only 11
schools responded). |

In summary it may be said that there is an sppreciable
nunber of industries that might be visited, some of them of
greatest interest to the student of chemistry,

Fumber of Fleld Trips ¥ade. Do the schools that have

industries that they can visit go to visit them? The extent
to which they 40 is shown in Tadle XLIX,
Table ILIX, Fileld Trips ¥ade by Classes.

“Ihe number oF achools 1n communiiles Lhal rave in-
dustries of a chemical nature mmmnnenenes 27

“The number of schools making fleld Lrips == = 14
“The number of BCR0OOLA nokt maxing Tleld LPIpS wee—mem—c= 13
o not Lave

he number of BOLOOLS 1R oaﬁﬁﬁgftfea that g t L

industries of a chemiocal naturve =~ w - 13
TThe number of mohools DAXing £1610 LPLDE wwemwecmccones
"he number of 80hL00LB ROL maxing fleld Lrips == i

The number of field trips made is shown in Table L.
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Table L. EKumber of Fleld Trips Hade,.

“wehools where there are three industiries
~Humber of sohools makingovielin —————
Eunber of schools making one viasit - n -
Fumber of schools makine indefinite viasits
COhOOLS WIiere there 8re Lwo indusLries
Humber 0f 60L0018 MAKINIOVIELts ~=——w -
Bumber of schools making cne visi$ -~ -
Xumber of schools making two visits =ew~ee e
Number of schools makines three visits -
Sehools where there 18 one Lndust.
Fumber of sohocle maexing(visils - - —— -
Zumber of achools making one vistd - -
Humber of schools meking two visitg ==~ -
Jumber of schools makinr three visits -
DChOOLS Where there are no inqustries
umber of Sohools maxingOvisitis -

Eumber of schools making one viais - o 0
Ramber of schools making three vigits - ——

‘Nﬂhﬂ'@&bﬂiﬂ MM HPUM

In summary of the Tablea XLIX and L the following
‘points should be noted:

. le That only one-half of the schools trat have {ndus-
tries of a ochemiocsl nature go tc visit them,

2. In eommunities where there are no industries of a
chemical nature half of the schools make field tripa.

3+ Only one~half, or 50 percent, of the schools respond-
ing mede field trips.

4, The number of indusiries present that the class
might vigit in no way {nitamtes the numbter of visits that
will de made.

Hers {s snother case whers the teachers in Montana ere
not taxing smdvantage of the opportunities thai are presented
to vitalize end make funetioning their teaching.

4dd1tional Efforts Yade to Xake the Courss lore Inter

23ting. The teachers were msked 1f they had a solence club
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in thelr schooles and to mshat extent their siudents took part'
in the Amoriocan Chemioal Essay Contest. The responses are
gshown in Tables LY and LII.
Tadble LI. Schcoxs.zaving Selecnoce Clubs,

~Bohooia havins science clubs =- ' povammowaay
Schoola nob Esving,so!enae elubs = — ———e R

Tadle LII. Schools Perticipating in the American
Chemloal Sociaety Contest.

158 204 2ra Coe
Class Class Class HEigh Totals
Diss, DIB%Q Dist. Sehls.
~oehoola partiolipating 1 [ 2 4 17
Schools not ar%fc{zgt. K] 10 kR 3 picy
Tumber of s&tudenta r Y 115 )53 o7 227
ped a3

"Largest number od Iy

E L=

Here, once more, are tabulations that show lost oppor-
tunities, especially for the third olass district achools.
Jot a single one of these schools hsd a science oclud, and on~
1y two schools had atndents entered in ths essay sontest.
Five of ths larger éahools in the state require all of their
students to write essays. Two of the teachers made notations
that their students had won in the state contest. To the
knowledge of the writer, one student in a school not respond-
ing won in the Hational Contest. |

About 23 perosnt of the atudents enrolled in the schoola
responding wrote essays for the oonteat.

Lidrary Facilities. Three questiona were directed io

the teachera aakine fa= {nformation regarding the 1ibrary.
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- Eore detalled information 1s desirable than thet obtained
thru the questlionnaire; however, it was not praotiesl to askx
more questions in the present stuly on this phase. In re-
sponse %o the question of how many refersnce Yooks were mvall~
able thru the school library the number varied from a few to
40 fox the first elass d1strict schools: from 0 to 100 in
oounty high schoole; O to 25 1n second olsss distriet echools,
end O to 20 in third class distriot schools. Only 4 schools
414 not have reference bdecks and three 41d not answer. <The
median number of books was io. The numder most frequently
montiocned was 10,

Thirty~five of the schools had some of the imerican
Chemical Society bDooks. Thirty-ihree had Creative Chesmistry,
21 had "Chemisiry in Medlcoine,”™ 29 had "Chemistiry in Industry,
Yolume I,® 24 had "Chemisiry in Indunairy, Volume II;® and 27
hed "The Life of Pasteur.” Three of the sohools d1d not have
any of these dooks, |

CL the periodiosls listed iIn the guestionnaire it was
found that the schools subsorited to the extent shown in Tatle

11
“Table LIII. Periodlcals in Chemlstry to Uhich the
Sohools Subsaride.

18t OI. ‘E}NI 01. 31‘& °1¢ Loe
dist, dist. dist. H.%;ﬁ Totals

Journ,QL LheM. fde O 7 £y 19
LN L) PR T 5 3 7
opulayr ool
Eeienﬂhg z—:g:ican 4 13 5 g 25
Foruler Leonanioa P ki 5 [ 21

411 of the achools responied and all of the achoois had
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at least one of these, Other pericdicals mentiocned were:

"Chenistry Leaflet"™ four times and "Science Hews Letter” two
tines, | From the totals solumn 1t will be seen that four of
the five periodicals were guite gexiorally sudsorided to with
*Popular Soienoe™ in the lead. lLeas than half of the sohools
sudsorided to the Journal of Chemical Edusation. This mag-
asine g meant primarily for the teacher, and much of the
’;“,”m 48 somewhat too diffiocult for high achocl stuldents.
However, it is a source of inspiration to the teacher, amd
provides excellent materisal designed net only to “keep the
~taaahcr u,p on chemistry® but 4isousses and provides solutions
for many of his difffioultles. ’ﬁro:y teagher should have

this journal on his deak,

To one scquainted with econditions in ¥ontana the number
of referencs tooks and Journals avallable is gratifying. Aa
night de expeoted the third c¢lass district eochools and seocond
class distriet schocls are the most poorly provided. ¥Uhen
oonmpared to vhat they should have the comparison 1s not any
too favorable, BPB. Clifford Hendricks writing in the Journal
of Chemical Eduoation®l has 1isted twenty books on chemistry
that should be in every high school 1ibrary. Ee lists the
names of fourteen magazines that are desiradble, In the ar-
ti0le he offers many helpful hints on what san be done to
inorease reading on the part of high school chemistry students.
Bl B, CITTord Nendrloks, The RiZh vohool Library & R‘ssgla_g%_f_-

¢d Teaching Tool. Journal of Chemlcal zduscation, 0:869,
l:ﬁy I§2§;.
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Efforts ¥ade by the Teachers %o Meet Recognized Stane
dards. Three questiona were direoted to the teashers to
determine what effort wis mada o meet reocognized standards,
Is 1923 & well worked ocut sourse of study®2 in sclence was

distriduted to the teachers of lontana, In the guestionnaire
the teachers were asked how vlosely they followed this sourse,
The responseés are showa in Table IIV,

Tabls LIV, How Clomely the Teachers Follow the Counrse
of Ss&d’t )

. "Weschers thab_follow very oclomsely

&
Tenocherg that JoLLuowW €l086lY 15
Meconers LNAb 40 Nob 101L10W CLOSOL X7
“Toeiohers Lhay 4o Nnos Toilw %4 ki

In the cowrse of study the material has been divided into
two groups, that which 18 reguired and thai which is optlcnal,

The manual has the following %o say adout those groups:

fia one decomes acguainted with the sylladus which
follows it will decome apparent that the material given
under required topics is wery muoch restricted. Aittempt
has deen made here $o include the mogt essential topics
in the most important flelds, It 1a not intended that the
time of the whole your should be given over tbh theze re-
quired topies, but that much work with optional topics will
be $ntrodnoed., It will be noted further that many of the
optional topiss are nothing more than eladorstions of re-
‘quired toplea; in these esses & mo§g dotailed study of the
required toplie is made optlonal.®

It iz to be regretted that the course of study dooz not

82, ;ourso of Study in Uolence, ops Gits
839 3 Do Py

L )
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$ake up for Qigcussion in mors detall the desiradls cutsomes
and methods of prosedare in teaching chemistry. It 18 stateaSé
that, |

*Teaching of these aourses {(chemistry and phyaies)
1a seldom undertsken by an instructor unleas he has had
congiderable training in them. Furthormore, deapite the
new developments whish ere continuslly taking place, much
of the material to be taught i{n these sciences remains
fairly well siandardized due to their long tenure of
position in the high school program and the rather gen-
eral disposition of educators to regurd them as pure
solences,® :

Certainly this survey dces nol besr out the gontention that
the teachers are suffislenily well prepsred so that they do
not need the extended troatment of sulject matier. A great
deal eould de done for the teachera of ihird class districta.
‘The teachers were asked if, in their opinion, they mot
the minimam requirements as proposed by the comnitise on
chenioal education of the American Chemieal Sooiety,a"’
The question was not & good one as it wos not first deter-
nined how many of the teschers were acguainted with these
atandards, Inssmoch 83 these minimum essentials have not
been widely distriduted the responses may be questloned.
At lenat the answers indiozted proncunsed optimism or grent
eonfidence on the part of the teachers that thgg are doing

& gZood Job of teaching. Thirty-five teachers angwered thut
they do meet this standards. One answered "no” and two ane
sssred "not completely." Three 4o not answer. If this al-

Bl Course of o Th Solence, oPe CLte |
85. Toumlitos on Chemlcel £ducation of A«C.S. Correlation
of High School and College Chemistry, Jre. of Chem. Educ.

_ %:640,56 (Hay 1927)
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most unanimous opinion that a good job 3s done can be sore

roborated by facts then there 1s much to be well pleased
about in the teaching of chemistry in Montsna, because many
teschers well acquainted with these minimun essentials are
of the opinion that they are really maximus essentials,
The minimun gourse 83 proposed dy the committeaon Chemiesl
Lducation does not recommond the study of the chapters on
‘gold, silver, .esppar, nregnesium, meroury, =zine, lead, %in,

- strontium, Barium, silioon, aluminum, dbaron, potassium,
and the perlodic systom, dut places these toples for sup~
plemsntary study. If the Montana Seachers meet the pecom-
moendations of the eommittier on study of gases, theories and
applications of ohemistry as well as itho study of the above
elements as required by their aaursa.ot study, then the
course must be very comprehensive and comnlete,.

Twenty~seven of the teachers indiecate thut they will

give stand.rdized tests of soms form at the end of the yoar.
Two anewer "porhaps® and twelve answered "no.” This attitude
of $he %eechers tu know how their students comvars t5 ac-

cepted standarda i3 to de conmcnded,
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Summary and Conglusions

le The moat widoly used textbook in high school chemw

{stry in this state (the seme is true of other states) is
the Brownlec and Others "I'irst Prinicples of Chomistry;”
This dook 1a advertised to meet as noarly as 1% is poasidle
the objeatives and sims of teaching chemisiry as outlined by
the committiee on the Feorganization of Celence in Secondary
Sohools.

2+ In general the number of students per elass in Monte
gna is small, The median number for all schools 13 13,0,
which {s amal.ldr than the maximum opitimum nmumber that can be
handled by & well qualified teacher,

3. The e¢lass recitation period of from 40 to 45 mine
utes meetinz thres times per week 18 the arrancement found in
87 percent.of the achools, For the stato e3 e whole a fair
pleture can be hnd of the method of econduasiing the olass if
5 minutes is given to the asajigmeent of the lesson, 6 to 8
minutes to disoussing student 4difficultlies, 23 minutes to
questioning and &rill work, and 8 $to B minutes to demonstira=
tions. Supervised study 1s little used dy the tcachers,

IS is to de understood that the olass procedure varies widely
from thas indfcated by the above approximate times for the
mxdus teachors, 'Tho regitation s the characteristic and
i-portant activity of the elass period.

| 4. Very esmall use is made of review books, drill materials
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and prepared testing materlals, In other words, the agencies
that made possidble the individualized mode of conducting the
elass are not used,

e Hotivaling agencies such ss the use of student re=-
ports, the working out of projects, mekin: field trips, make
‘ing use of visual educatlon such as motion pleturos, slides,
exhidits, and taking part in Ameriocan Chemical Socisty cone
tests, are not widely used, It 12 thsse actiivities that make
possible the achlevement of the aims snd odjectives of in-
struetion in chemletry &s outiined in Chaptisr 1I.

8. Industries of a chemical nature ere present in the
cornmities %o greater extent than might be supposed, The
tosohing possibilities of these indusiries are not utilized
to the extent that they should bo |

7« Library facillties are, for the most part, such that
the schools can get alonze They fall consideradbly short of
the minimum desired as ocited by one writer,

8¢ The State Course of Study s not followod closely
in its recommendations. If the oourse of study had been more
detatled in its statemonts of what constituted a satisfactory
eourse in ohemistry and how to develop such a course,it would
have been much more useful, As at present eonstituted, too
much space 43 %faken up with writing in the table of contents
of the ordinary high school text and reproducing a 1ist of
iaboratory apparatus provided by & chemical supply house that
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1l1sts some apparatus not at all necessary for the ordinary
sourse in chemistry.

9. The data of tfxe chapter as a whole presents rather
substantial proof that many of the desirable outcomes do mot
result from instrustion ia chemistry iu Xontana, but that
chemistry is jnst the ordlnary ocurse taken with the purpose,
primarily, of getiing required oredits in selence,
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CRAPTER VI

- LABORATORY EQUIRMGHT AND PRACTICE
When spesXking of the laboratory aseciences emong school
poople in Lontana, the comment 1s often keard that funds are
-not available for properly equipping the laboratories, and
hence effectlive laboratory work camnot de done. Especially
will this be beard when spesking of the smaller schools,
In order to determine how mmch foundation there was for these
comments, & question was directed to the teachers requeste-
ing the information whether or not the equipment they had
available for chemistry was adequate to the work they wishe
od to 4o. The responses to the question were tadbulated and
are ghown in Table LV.

Table 1V, Adequacy of Faquipmert
First Class 2nd Class 3rd Class County A1l

. Districts Distriets Distriets High Schools Schools

VCA Gh Eo_ViCA Ga Ewo VC-A GA Fo. Vi A GA E0. . Vel CA ED
1 2 0 37 6 1 07 2 2 2 4 3 0 719 13 3
Vie. ‘-'173)- Zom/f/t;zc B =Fcch 45 Easn ger afort

A= AIeguare E.0. « Zmporfart- .‘/fc,nme,?t, omitfed,
The seven schools reporting very complets equipment
have 20.8 percent of the students iaking chemistry enrolled;
the nineteen reporting adeguate equipment have 21.8 percent
of the students enrolled, The thirteen schools having
equipment such that they can Just get alorg bave 3B8.5 per-

¢ent of the atudents enrolled, and 2.9 percent of the

&tudents are found in the schools where important experiments
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pust be omitted. 4 gummary of the 4ata given above is in-
sluded in Tadle ILVI  wiih the correspording data obtained
for Eevada,

Table LVI sunmary of Deta

Schools Sohoels Schools schools
raving veyry  adeguate Equipment Equipment such
crmplete Equipzent  such Just mast omit
equipnent ‘ get along inportant
. ;e :@ . e}ﬂg.t
e € of To % of No % of o % of
Chenge Chen Chen Chen
nrol Enrol - Errol Li1rol
B e e o T B o e
evada - i N e : . oM B3 o Dol

1% wouldA seem permissible %o 'aom ider that only those
schools having “very ccamplete” or "adequate" equipment as
satisfactorily equipped, Iqaipment "such that you cen Just
get along” would indicate that some laboratery work must be
omitted or curtailled; 1l1ikely the optional expérimnts, den-
‘mtmtions. projects, eto., would be few in mumber, In
this report these schools will de considered ax having un-
-agtis:act"ory equipnent. On the basia as degcrided abvove
€1.0 percent of the schools, representing 08.6 perecent of
the stulents enrolled in chemistry, may be oconsidered to
hove satisfactory equipment. Perhaps this is a somewhal

.better showing than might be expected from what ia heard
about the equipment of Xontana schools, but certainly it
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leaves zuch to bo desired, Comparative data was found in
the S.Re Powors Survey?s From this scurce it was learned
that 71.7 percent of the schools ha.vé well-squipped laboraw
. tories, 22 percent have fair equipment ernd 6.8 percant poor,
This 15 & better showing tran that mafle by Kontans. Kevada

has much better equipment than Hontana,

Extent to Phich Certailn Fquipment Representative of a
¥ell-Equipped laboratory iz Found., In every well-equipped
ladoratory there is certaln equipment found. (uestion 47
of the guestionnaire was usked in an effort to determine to

" what extent representetive items of this equipment were
found in Montapa schools. 7This is shown in Table 1L¥1I, |
"fatle LVII Reprosextative Equipment in lontana Scheols

R A
4 X < O
Y o v i
P} 5 2 b
19) 4G 0

AmgZag T CerUliLiliy WALEF GL QGEAB L=BLALYoLOal Dol «l0e
B=distilled water D-morcurial haromater F-speciroscope
G~effaoctive Boods

Fercent of Schools Havin: This Fouipment
A B C ) o T

Lonbena BT Dol  GLelw Glelrw 48w dJedw  Sdeds:

hevada 455 i o Sols : )

-

4 short explanation of thig particular equipment
w28 specified is given, ’rm‘gec’seeacopﬂ wo.8 chosenp%ecausa

i% was felt that only the espeeialiy well-equipped schools

~would kave this piece of apparatus, Examipation of the -

g0, S,R, Powers oD.cit. p. O1D
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master tabulation will show that only two schools olassirg
thelr equipment as Just enouvgh to getl along have spuctro-
scopess &ll chemistry esndl physics textbocks of recent edi-
tions devote Ifrom two to Live pages to the study of specte

" yum analysis. It is d4ifficult to understand how & student
can get & very clear idea of sgectgnu;lf ?eﬁhout actual dem-
onstrations, Some krowledge ¢f the spectroscope ig desir-

| able for those atudents going to college who will continne
in the stuldy of the physical sciences., Even for those who
do ot go on to eollege, an appreciation of the great aid
that the spectroscope has been in.ilhe recent progreas of
chemistiry, physics and astronomy will repay the coat of
thiz piece of equipment.

In the case of the apalytical balance an instrument
sensitive to 002 grams was specified because the instru-
ments usvally listed in supply catalogues designed for
hizh school use are cof this sensitivity. It is diffiocult
to understand how quantitative work worthy of the name can
Ye done without such an instrument, The responses made by
the toachers {Tadle 1LVII) indicate that not more than one-
half of the schools of the state are eguipped to 4o exper=
imernts of this Xkind,

Effective hoolds, running water at the tables, and gas
msy be considered as essential requirements of a well equip~
ped ladoratory. It is possible to conduet a fairly satis-
faotory eourse without them, tut efficienmcy in laboratory
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work will not be high, Distilled water and a mercuriel baro-
meter are not at all essential bat desiradle.
It should be noted in Table IVII that:
{1} One of every five schools have effective hoods.
{2) One of every three have gas,
3; Two of every three have running water at the desks,
4) A surprisingly large number have distilled water and
mercurial barometers, 60 and 67 percent respectively.
¥hen compared to Nevada 1t is found that Montana ranks
considerably lower in the matter of laboratory equipment,

Laboratory Manuals in Use. Three laboratory manuals

are nged almost to the exclusion of others, These are Brownlee
and Others with 16 adegtions, MaFherson and Henderson with

9 adgptions, and N.Henry Eleck with 6. Ten schools use 10
other mmuals, Thirty-six of the schools are using mamsls
written by the same authors as the textbooks, and designed

to sccompany the text, In using a laboratory mameal written
by the author of the textbook Montana conforms to the gen-

ersl practice of the United States.

w... Zxperiments Done b}_ﬁhe Students and by the Teachers as

Demonstrations, It is the common practice for the teacher

to 4o certain quantitative experiments, and experiments where
toxic or corrosive gases are formed, and then requiring the
student to report the experiment. For this reason, in order
to get a proper conception of the extent of laboratory work
done, both that by the student and by the teacher as demon-
strations, rmst be taken into sonsideration. In the
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guesiiomnaire the teachers were asked to approximate the
mubsr of experiments oompleted, This was dons for three
POASONS,
1+ The guestlionnaire was cireulated about three wecks
befors the close of the schools, hence, tho teacha:: could
not be ceriain how many would be completed. )

2, Fow teachers Inow exaotly how exper :
conpleted sven &t the close of the mﬁw periments are

SR A R
Besause of the nature of ths guestion asked considere
able allowance must be made for errore Even in considering
tlz average pumbder of experiments done by all of the schools
using any one manual, the figure cannot be considered more
than & nere approximation, The data is acourats enoagi:
however to give some idea of what part of the laboratory
rapuel was completed, and that 18 all that is desired.in

m_: reports. 7The tabulatioen of responses is shown in

Table IVIII,
: Table LVIII Extent to ®hich Students Do Laboratory
i Experiments
Iaboratory Manusl Expein ¥ediun §o. Xed. Fo. ComBined % of
S man. .87 by stvdent by teuch. Total
-gg&?&::n & Eendarson " 92 4 g(]). B+
& Henry Black 148 29 % @& 8.

87, The number of experiments in the different editions of the
manuals varies, The number given here is the number
int the last edition.
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Table LVIII showg that practically all ¢f the oxp&Mmts
a the laboratory men.al are completed. EHow well they £re &done
he writer i not adle o say.
The Mber of laboratory Periods Per ¥eek and Tensth in
imtes, Twonty eight (70 percent) of the schools providing
ata for thia guestion have two 90 mimite laboratory periods

or week, Two other arrangemenis are foupd, Five schools have
, 60 minute period twice per week, and five schools have an 80
dmte period twico per week. The pronocunsed tendency in Ilont -
na is for two perlods per week of S0 mmtas duration. ilont-
wa is in egreement with the large majority of schoels over the
wuntzy in this respect. Not all teachers are in agreement
hsk tﬁu is the dest practice. One respondent writes: iy
Labcrator} period is one hour lorg. 7This length in ny opinion
ls 18ea), contrary to many rejoris..s.The oxe hour period keeps
hem {students) busy for every experiment, and never necessie-
lates the wasting of time. Occasionally - very seldom - an
1xperiment runs over,” _

Seqnence of Iabdoratory Period and Recitationl 1Ihis 1s
one phase of ladoratory praciice upon which considersble ex=-
perimental evidencs is avalladle, altho more experimsntal
wrk must be done before & definite answer can be made as to

what 18 the dest procedure. Since the discuszsion of this
sxperimental evidence does not f£all within the purposes of
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thig report, reference will be given to the studles made, dut
po evaluation will be made of the results. Acotual practices
in Hontana are glven with such eomparative data as are avail-
adle in Tadle LIX.

Table LIX. 3equence of Recitationa and Ladoratory.

5 Ia‘aa ° Lable

recedes oll L

ROe ® HO. R Eo!:r} 3

Yontana 5 12

“Yevada 1 -9 3 36 5 Bb
Yowers Euﬂo}ea 49 93 61 4L 39 b6

Committes RepOrb A.C.5.1920 ©F 36 55 22 35 7 10
Comml L1068 REDOFL AeCeveC o0 66 19 Z2 b

- It is found that laboratory prastlce in lontane snd Hev-
als 4iffers markedly from that ilound in Eastern and Hiddle-
wostern states. Very few sohools in Yontana and Revada pre~
cede class discussion with laboratory work. In the schools
represented in the Powers and American Chemical Soclety re-
ports a mush larger percentage of schools fellow this pro-
cedure, with two-thirds of the teachers recomménding that
this 18 the correct procedure., The tondenocy in Kontana and
Bevada 1a to vary the yroocedure, while in the other studles
reported the tendency is decidedly the cpposite to this,
with only 2 pereent of the teachers represented in the

EE. Iowera ODs Git,
89. comnit%ee on Ghemieal Edusation ACS {azotusl practice as

determined dy survey) Journal of Chemical Zduoation
$:1302, Cot. 1928,

90. Ibid., p. 1303. (This is based on the opinions of the
feachors of what actual prastice should be,)
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{mportant American Chemical Society report giving as their
opinions that this 1s the Qdesirable practice. This opinion
of the experienced teachers represented in the American Chem-
{02l Soelety survey 1s all the more surprising in view of the
rather pronounced views Iin high school chemisiry that there
ghould de close integration beotween laboratory work and class
discussion.

Methods of Reporting laborstory Work., ZThe notedook

prastices as employed by the teachers vary thru wide extiremes.
The ultimate system used dy the teacher resuits frequently
from years of t{rial and error molified by the system in use
where thelr sollege chemisiry was stulled, preconceived 1ldeas,
and prejudices. A great deal of work of an experimental
pature ﬁhould. be done on this phase of instruotion in shem~
15%:7..‘ The goal should te the formulation of some device by
which the drudgery and routine of correcting notetooks sould
be reduced materislly,

The practices in Montana and Fevada of reporting labor-~

story exercises are shown in Table IX.
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Table IX XKethods of Reporting laboratory tork

- T Burside FETE N § W)

{ formal) Interlinear

notatook ) Fotebook (91}

B Vo 0 Y +O b
Eg;_ntgm 19 45 Py £3 ‘ id
evala }4) o) O RES) o £AJ
Crahan Study (92] 200 oL 127 %] - =

It will be seen that there is no decided tendercy, sltho
the vse of & formal outside notebock shows a slightly wider
pit, This is somewhat in sontrast to the rather pronounced
tendency of Eastern and Middlewestern schools. In tatulat-
ing the dats it was noticel that all tut one of the first
glass Gistrict schools used the formal method of reporting
experiments.

There aresome features in favor of the formul notedook.
It is desirable that atuldents be alle to make & Ioz;ml repard
of a ladoratory exercise done, and espeecially is this desir-
alle for those who will continue with sclence wurk. On the
other hand, the method is timwe consuming where time is not
always availadle, EKithout doubt many stulernis lose Interest
intthe sudjeet of chemistry ard learn to dislike it begzgf:r
of what appears to them to be of 1ittle value. an important/
in maXking ohemistry a "stiff" subject and accounting for mmy
rénnres is this practice. As a general rule the teachera

VITTLIs 18 & Dowl Tobelo0k Wherc the oubiine of writibs up
the experiment such as (1) Titlej {2) Materials ard apparatus;
{8) method of provedure; (4) results; (6) discussion; (6] con-
clusion; (have been printed in the book.

92. Hoyt C, Grubam Zotebook Lethods in Hi-h Schoel Chemistry

. sournal oI Chenical sAuCntione 7:ilew d9cU
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themselves pay little stiention to the mechanica of writing
up the report aflter the first few weeks.

Yhere the mperimenté ire ¥ritten Up. The data &s gollect-
ol is reported in Tatle IXI,
Table 1XI. there the Zxperiments Are ¥ritien Up.

written wp in nrltuen Uy oubsiue
Laboratog' of Laboratorg
Tou 1O 8o %
Tontana Lt 175.9 ‘ 1§ By
Yevada 5 45,0 ' © " Doed
Traham o by ; 4 119 CDe

Onos more thore s no sigsnificant trend in the practices
of the teachers. 7The gunestion arises of why teachers of high
schoo)l chemistry should insist that the ztudents writs up
experiments in the ladoratory or ¢lass roon, The enswer 1s
to prevent ocopying. Of course there will Ve copying if ladbore
atory excroises are writien up outside of the class room ol
laboratory, but will there be more than thexe is in the case
of other school work of & similar nature not Jone in the
slassroom? Therc shouldn't be amd probably theore isn't. The
teacher should be abdle todctect copying of latoratory exer-
oises a8 wall as he can detect ocopying in othsr subjects.
Precautiopary measures can be takeu. The time 18 so limited
in high schoo) chemistry that to require writing the exper-

V8. Toyt Ce Craliia, Ops Olte Ds

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-l2)le
iments in the ladoratory greatly retards the progresa of the
slass, The labomtary_perioi should be o work period, a period
Suring which the work is vitalized.

In the absence of definite experimentsal proof Just what
the writing up of formal laboratory reports in the laboratory
has $o sontridbute towards gaining the alms and odjectives of
teaching cheniatry cannot be stated objeotively. The writer ism
firoly of the bellef that muoh of this prosedure ias hereditary
from sollege practice and is not :wsrranted froa the resulte
odbialned,

Freparation in idvance of Doines Experiment. The data for
‘this gquestion is presented in PTabdls LXIXI.

Tabdle IXIX, Extent to Which Previous ?repa'ration is
Required Before Doing laboratory Experimont.

EI‘V@. Req' . EPED . Rgﬂo

‘ ' TO0e % Ti0e %
“Wontuna GO P T -S> ¥
“Fevaaa ‘ 5 25.5 [ 545
“Lonmit 08 HODOPE heiede | 24 o7 « 0 41 %N

It s found that abdout the sume percentage of teachers
require advance preparation previous %o laboratory work as is
found in Eastern end Eiddlevesiern States. |

Uithout previous prepuration students waste much time gotw
ting started. A fow minutes preparation may arouse the interest
and antiofipation of the pupil, and gives a chance to sonnect the
topis under consideration, thus correlating the toxt. If the
student studies the direction for the procedure in davanca and
has formulated an outline for his report

9. Committee Report of imer. Chem. Sceiety for 1928 ope eite p.13CR
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80 Inr &8 possidle he 13 roady to begin without 108s of time
snd ig practically certsain 2o conplete the exercise within the
1inites of the ladoratory period. THowever, this requires more
supervislon on the rart of the tecchers apd rather than make
ths cflort aome teuchors lose a sjlendid teaching opportunitye
3ystematic preparation btefore the laboratory periocd coutribdutes
directly to the foroatlion of &esirsdle hadits wich 12 an obe
Jeevive in teaching Chemlatrys (Ses item A gquestion 48 ol
questiopnairs.)

Sire of Isboratory Sectiors, That there 1s an optioun
pasber ofstudents that a tescher oun handle in the laloratory
is recoznized by evoryors who tezehes thd sulepcess IThat thud
mmber 48 1o oneé van says The nunber will vary so much with
Aifferent tesolere that & number pogarated fron a tescher
would have no sizrificanco. Xuny $oachers oeonsilder twenty & _
largze olass, and certainly i1t takes an efficlsnt tsacher to
Zive the iniividmal puldance and aitentlion, which i3 the essence
9L good ladoratory teaching, to this rumbler ol sinlenis, i
mtatioﬁ is takXen fron “Frineiples of Science Teaching," {95)
that gives the opinicon of ep authority on sclence teschings
T b A groon gy g
20 pupils in a laborefory division. Exceptionally able teachers

handle as many as thirty, but the lstter number i8 consider-
6d upper 1linit,"

Yo, George R, Twiss Principles o1 oScience Teaoching p., 137
MacMillan 1917

-
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The size of laboratory sections as found in MHontana is
found in Table LXIII.
Tadle I1XIIXI. To Show Size of laboralory Seotions

— 10 O=B O=Lll L1emif 4b=17 4D=20 Plett oo=20
TITet Llass clairicLs ¢ 12
TCCON] GIAES MABLLLCLE & & & o ) 24

23 1
) )
Teird C'iau -186T105L8 3 3 1 % “%

Tounty ¥ h vchcols | - 1) 3
oTbunis SCHOOLS S §§ 8 8 ] 14
raroanvages 0% 6a0h Vad dUs 'S Y - . od &l.B
. group
Comparative 4ata
Ifevad.a 7 '% é i 7 7 o 7 uBﬂT o el
VEYDAn 8 4

It should bs noted in Talle IXIIX that
pave g%mlgngggtm %.;ggg;gg@ of the laberstory sections
{2) Fourteen perdent bave botwesn £1 apd 28.

_according to the stardard cited akﬁvé about &6 peroent of
vhe laboratory sections are such that only & very cgpatle teache.
er canteach with deeirable efficiency. In these classes are
found 700 students or about 63 percent of the stuldenis enroll-
éa in ehemistrﬁ %hen viswed from this angle, large labora-
tory claéses become & rather serious factor apdi one having &
‘tendonc;r to deoreage the efficierecy of instruetion, In the
matter of optimum 81,68 of laboratory classes, Montana is not
a8 fortunaiely situated as Pexrsylvaria as shown by the

Silverman studye. The marked tendency in Moxntana ls to have
8ingle classes up o the rumber of thirty which pumber, when

sxceedod, results in dividing the class into smaller divisions

96, Alexanler SIiIVerman & Survey of High School Chem, in Penn.
Science 48: (1918)
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of equal size,

Prsotice in Correcting Notebooks, Responses to this gues-
tion were not satisfaotory for tabulation: Answers were too
short and sketohy to convey any definite meanings The tenor
of most responses was that it invelved & great deal of hard
work, and that their methods wore so oomplex as to rot permit
8 sinple answer, To get this information & guestionnaire
would have to be circulated with a pumber of questions per-
pitting short and odbjective anawers,

Yethod of Iaboratory Grouping, <he date shown in Table
IXIV should be of interest to the teschers of eheﬁziatr;' in

¥ontana. The writer was surprised at the very marked ten~
dency of having two students worf together, This marked

teniencey ¢f grouping msy be explainsd by reason of the very
1inmited laboratory facilitiss availlable.
Tatle IXIV. Crouping of Students in Laborstory

Individual Cr0uy OF Two
& o

¥Iret Cluss District ochools 2

Bounly Righ sehools 1 B
ﬁeoonﬁ Class Jletricy cchoois i 40

Ynird tlass Disbrict ocliools z_. S | 18 ——
Totals ‘ 0 S0==00%s
nevaaa g TRy T == 0%

Comparative &ata is not availadle for high schools on
E"m qusstion, The summary of a study made by W.G. Bowers {g97)

%111 be given, Ths stuly %as made with normal and college

GTe Wewe LOWEIS Grouping Students 1oF work indie Chenistry
laboratory. EQUGLLION LLV De God [19ca=ib]
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stulents, bdut 1t 13 believed by the writer that, in general,
the resulis would de the same for high school stulenis., The
sonslusions reached by Bowers are:

1, That the average strong students sre neither benefit-
ed nor injured by wor in pairs.

2« That weak students are denscfited by working in palirs,
especlally 1f paired with strong students.

3. That atrong students are not Iinjured by working in
pairs with weak students, although & meohanioesl genius is
handicapped by being requirsd to work with another stulent
whether the latter te weak or strong.

The evidence. inlioates that the better way, that is,
the least expensive way, 1s to have students work in pairs,
Upon the baais of this evidence Montana is quite in line
with the best procedure., Hore corrodorative evidenos,
however, ia desirable on this point and It 1z asuggested that
this would make an exceedingly interesting experiment that
sould be placed on a8 strietly experimental basla,

" Teacher Opinion of the Probable Suscess of Reoftation-

Demonstration Yethod. In the light of the rather extenslive
experimantation carried out in the past few years on this
mothod, and the likelihcod of consideradle discussion and
reading on the part of the teachora, the writer thought 1t
might be of valus to get a tentative opinion from the teach~
ors as to its possible value in ¥ontana, where the prodlem

of providing proper laboratory equipment is a seriocus one.
It 1s recognized by all teachers familiar with the litera-

ture that no case has Leen eomlnsivély proven for or
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egainst the recifati:n-demonstration method. Such studies
as have been earried out sesm to be in favor of the class-~
demonstration method, %hen recommendations are discussed
in Chapter VYII more will be sailld as to the possidilities of
adapting more exclusively the lecture~demonstration method
to instmction in Hontana,

The responses ¢f the teachers to questions 60 and 61 of
the questiommaire have been tadbulated and are presented
in Table LXV. |

Tadle IXV. ?eacher»s' Opinions 8e %0 Success of Lecitaw

tation-Demcnstration Method and Ixtent to which -they
would recormend using it in their Schools.

- RGO ~ntha WMEBLOOA o BUBDBYr Euw pereent
gould e made to thet would advise
take place of ylacing Rege~Demgmethod
Rag.«~laabe motrod in their school.
- Yoa w0 L0 Yes e 10 P
Tortana B) £L e ob 5 14,2 <1 "'M‘i""

Tevada olD) oo 6 o0 1 4]
(BT =1 EE seve Qualliylig &newors Such &8 paasf"a’%%, Lot
entirely, not very well, sto.

{b) One gave & gualifying ansver.

Apparently about a Fifth of the teachers of chemigtry sxe
of a ploneerirg turn of mind whose attitude might be that of
*I'4 try anything once.” Of those teachers who gave provise
iona) arswers of whethor they ‘thought the method would be
succesaful not & single ope answered that they would recon-
mend putting it in their schools.

In a guestionnaire circulated to the teaclers of tlhe
Hew Encland dssociation of Chemistry Teachers, iilhelm
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Segerblom asked the question "Do you think that a satis- |
fastory first year course in ohemiatry can be given without
accompanying ladoratory work?™ Of the 95 answers 93 said To.
me discussion will be leit for the time deing with the

suggestion that teachers of chemlstry in Montana are really
o a more pioneser type.
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Summary and Conclusions:

le decording to the judgment of the teachers only 62
peroent of the aohqola have satisfactory squipment when
measured by the standard that they are adle %o do vwhat they
wish to do. This equipment 1a fourd in schools having 58
percent of the chemlatiry enrollment. When measured by the
comparative data availadle, Montana ranks poorly. This wes
corroborated when 1% was found that the numder of mchools

having sertain equipgpent found in every well-equipped school
was about half of the number teaching.

2. The ladoratory manusls usel were in almoat every
gsase written by the same authors ag the text-book used,
and designed to sooompany the text., Fractically all of the

" experiments in the laboratory manuals were done by the stu~
~denta or by the teachers as demonstrations. |

. The most oommonly found ladoratory period arrange~
ment 13 that of 90 minute length meeting twice a week. 7Thia
is the general practice over ths country.

4, The marked tendenoy in Montana 1s to vary the se~
quence of ladoratory and recitation according to the nature
of the topfo; ¥ontans does not conform in this respect to
the practice in Eastern and Hiddleweatern states,
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. B Eo diatinot tendency is found in Yontona with rege
pect to the meihod of reporting laboratory work or of requir-
ing laboratory exerciseas %o bewwritten in the laboratory or
clagsroomss Irobadbly these precedares ua'mttera of minox
importance that are sireaced because of preea:;ceive& {deas

or inheritaince fron ecollege methods,

6. Preparation of the ladboratory exercise before the
exeroise is done in the laboratory is not the common prace
tioe in Yontana, Such a practice has much in 1ts favor,

i As'a molo,labamtog ::gtéggz are large in ¥onte
ara, with 63 percent of the students/larger than that con=
side:i& of correat size by mutborities on laboratory work.

B The decided tendency ia Hontans 18 to group two
stuients together for lsboratory work, Thore 1s experimen-
tal evidence ﬁhat this arrangement is as gool as any that
san be wdde, However, more experimental work ia desirable
to confirm thia.

9« In the opinions of the teachers of Montana the
recitation-demonstration method of conducting & chemistry

. eourss would not be satisfactory. YVery few would recom-~

Bend adoption of this system in thelr schools.
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CEAPTER VIIX
GEEERAL CONCLUSIONS == RECCIMENDATICHS

Conaslusions,

1. %hen measured by the chemistry test ciroulated by the
Xansas State Teachers College ixits “Every Pupil Soholarship
Contest" high schocl étudents. in ¥ontana rank higher than
those of the two neizhboring states of Llasouri and Nedrasia.
A total of 427 students of ohemistfy took the test in lon-
tara. Cf the 52 schocls represenilng Kontana only two first
cius distriet schools and five county high schools are found.
It is not 1likely that the showing made by Montana was due to
a yreponderance of seleated schools, The test was dBased upon

. the faotual matter of the textboock and was entirely objective.

2. Few schools of Montana make chemistry a reguired sudb-
Jest. In spite of this, in the school year 1928-29, eight
and ;ivutanths percent of the %total high sohool enrolinment
was taking ehemistry. Twenty-nine snd four-tenths percent
of the juniors and seniors in those sohéols teaching chemis~

~ §ry were enrclled in the subdject. Chemisiry is deeldedly a
boys' aubjeot in Eontana; almost twice &3 many boys as girls |
are enrolled. |

Forty-one percent of the high schools Laving chenistry
in thelr ocurrioulum sre small, third olass district schools.
Only eighteen and six tenths percent of the students taking
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chenistry, however, are found in these schools. This ia for—
tunate, as this survey has shown oconolusively that instruation
in theze schools 1as inferior to that in the other sdminiastra-
tive units.

3« It 18 the oonocluslon of the writer that instruotion

in sescond olass distriot sohools 13 consideradly detter than
¢hat in third olass distriot schoolm; that in first class

distriot schools and county high achools 1s, in turn, better
4tan that in second class diairiote, Perhaps the dest in-
struction, as 2 whole, %13 that in county high schoocls. The
reasons for coming to this eonocluaion are:

{a) The sounty high school teschers have the best prep~
aration in the kindred subjests of chemisiry, sltho the Lirst
olass district teackers have more credits in chemistry. In

other words, the latier teachers are more the specialists in
shenisiry.

{3) 4 slightly larger percent of teachersg in county
high schools bhave had a course in the tesching of okemistiry.

(o) The median sized clsss in sounty high schools 1is
about nineteen, that in first olass district schools i3 al-
most twenty-nine.

{d) Better equipment 1a provided in county high sehools

than in the other schools when measured by the standard that

the teaohers ars adle to dc¢ what they wish to 4o in the
oourse.

4, About the only administrative reasiriction placed upon
registration iz that the student must be a Junlor or senlor.
In forty-seven and five-tenths percent of the schocls, general
solence is prerejuisite to emrolling in chemiatry.' Cnly one

of thess sohools, however, was a first olass distriot school,
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and two were county high schools, It ecan be seen that the
peroenf of the chemiatry enrollment in those schools requiring
general solense would be relatively smsll., Very little con-
geloua effort 1is made to guids students in reglastering in
chemistry. In spite of this lack of guldance only iwelve
and four-tenths percent of the students fail, ealoulated on
snrollment two weeks after the beginning of schools.

5. An attempt was mnde to get a messure of the outoomes
of the Seaching of chemiatry. %wo sets of obdjestives were
set up. On set attempted to measure achievement of the so-
¢ial values and the other of the lsboratory values. The so-
0isl objeotives are open to severe criticism on the grounds
that at least four of the nine are trulsms in the sense that
they sould apply egually well %c¢ any subjeot. Henoce, they
haio small validity. The lsboratory values sre somewhat
mors valid, tut are subjective in as much as they ask for s
tescher rafing.

The teaschera feel, aa a whole, that they achieve suoccess
rangzing from moderate in amount to considersbdle.

The acquirement of ladoratory teochnique 1s not an im-
portant facgor in laboratory work as done in Montana. This
value ranked highest in the opinions of a large nunber of
chemistry teaghers in Zastern and liddlewestern states,
Teachers of chemistry in Xontana and Nevada gave as thelr

opinion that thia value was cbtained in small amount in thelr
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teaching. In the case of seven other values the teaohers of
ﬁontana and those of the Eastern and ¥iddlewestern etstes
were in close agreement. 4 oorrelation of 0.77 = .037 was
obtained with these values, _

fagoheru, to ve efficient, muat have more than mastery
of the subjeot matter they are to teash. %he teacker muat
be prepersd in the methods of teaching the subjeet, in the
general field of educatlion, and In related subjests to that
he will tea(;h. This preparatlon must be received in solleges
end mivergit&os of recognized merit.

Avout fifty-three percent of the teashers of shemlstry
in Yontana are gradustes of Xiddlewesiern institutions, |
Twenty-nine percent are from Montana sohools. ¥When sompared
1o some other athtes. the propertion of teachers not having
a dezree 18 not excessive (6.2 percent). In the opinion of
the writer, the loweat qualifieation aocoeptable for teaching
fn ¥ontana should he the Bacheloxr of Arts or the Bachelor of
Solence degres.

6o By a conservative estimation, 1t was determined from
the data eolleoted that not more than tor@y-nine percent of
ths teachera of ohemistry have chemistry for a major or minor.
If tho oonvention is accepted that a major siznifies mastery
of the aubjeat, it beoomes olear that a large part of the

teachers are teaching without mastery. Teachers in Kontana

are defiolent in majors to a muoh greater ex'ent thak thosd
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of other states where comparative data were availsble. 4
marked smount of this deficliency san bs traced to graduates
of institutiona of this state. Twelve of the thirty-seven
teachers answering question 12 of the questionnaire had less
than twenty-five quarter hours of eredit. Six of the third
slass dlstriot teachers 414 not have twenty-five quarter
hours. On the other hand five of the teachers had over mevep~
ty-five quarter hours of aredit. This explains in part the
fact that the median numder of houra oredit in shemistiry was
38,

7. Preparation was good In the related subdjeots of edun-
satfon, physies, and mathematics, when compared to other
states, Freparation was eapsclally satisfastory im edusation.
In ikis sudject only four teachers had fewer than twenty-five
quarter hours. This, of course, is due to the standards of
sertifiocation in this state. ¥hy oould not equasl prepsration
be fequired in knowledge of the subjest matter the teacher 1is
$o teach?

e It 18 gratifying to xnow that only one teacher in the
state s doing o without having had a sourse in general (col-
lege) ohemiatry. Seventy-five &nd six-tentha percent of the
teachers have had hizh school chemistry., It iz diffiecult to
say Just what advantage this would bte to the teacher. Twenty-
{iver percent of the teaohers have had ecurses in physieal

chemistry. This indlostes strong majors as this eourse is
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#1135
only taken by thoms who speoialize in the fleld of chemistry.

9« Fow of the teachers have had s asourse in the teaching
of chemlstry. 7This is not a happy eondition. For the teach-
¢r this osourse is next in impartaneé to the course in general
ohenistry. Xuch inefficient and misdireoted effori-must re-
sult 1f the teachers are without spesifie training in the sub~
Jeat they are to teach. This must be expested in Xontans,

A gourse in the teaching of ehemisiry or of solense is n;t
taught in any of the institutions of higher learning in thias
state.

10. Teaschers make 1little effort to improve their prepar-
-ation by taking more courses in shemistry. For those teach-
ors who are not well propared, and should take more work in
ohemigtry, another method must be devised than that of summer

-adhool.

1l. Fifty-seven percent of the teachers have not had
more than two years experiencs teashing chemistry. This la
& limited experience when sompared with that of teachers in
other statea, Tenure of teashers is slso very short . Thia
s not a dealradle oondition, but it seems unlikely that 1t
ean be changed unlesa larger salaries are pald, the teaching
load is redused, and more adequate oquipment is provided.

12, Twelve and one~half percent of the teachers ers

teaching chemistry against their ohoice, and with the Xnowl~
edze that they are not prepared to teach it. In the bellefl
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Bathe, Arthur H, "An Analysis of High Soheol Texts in Chem~

istry,” Journal of Chemical Rducation 2:785-91, 1925.

. The subjeot matter of four very widely used texts
in chemistry has been analyzed by the author, It is
somewhat out of detg. however, as the editions used
have deen replasced by latey ones,

Bishop, Elizabeth L., Status of Seience in Californis High
Sohool Progrems of Studies. |
¥aster's thesis, unpublished,
Black, H. Henry, and Conant, James Brysnt, Practicsl Chen-
dstry. Hew York 1929.

Thia texthook is used extensively sall over the
United States,

Bodbit, Franklin, The Currioulum, New York 1918,

This book wes consulted by tho writer when form-
ulating the objectives for the teaching of chemistiry
which were used in the guestionnaire, It does not
sontain a specifio list of objectives, It may bs
sharacterized as thought provoking. I% has a good
disoussion on the project method of teaching.

Bowers, W. G., Srouning Students For Work in the Laboratory,
Eduoatfon XLV:1434 (1924-25)

In this the suthor presents sxporimental evidence
that two students working together in the ladoratory do
as effoctive work as one working alone, There 1s neced
for more oxperimental evidenoe on this subject.

Brownles, Raymond Bedell, and Others, First Frinciples of

Chenistry, New York 1926,

This high school text in chemistry 1s used in more
schools in the United States than any other, This fact
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voushos for the meris of the book.

Brown, E. A. end Bowers, W. G.,"Psychology Underlying
Instruction in Chemistry”, §oh_g61 ceience img, Yathe
snmation, 23:715-19 (1923)

The authors give a very good discussion of their

subject,
Chartars, Werrett,Wallace, Currionlum Conatruetion, Rew York
(1323)

This deels primarily with the construction of the
eurriculun in elementary schools. However, the dise
cussion may be applied in determining the objectives
of any oourse., 7The material onm motivating agencies,
such &8 the project is very helpful,

Cook, Charles G., Now Tyve of Suestions in Chemistry, New
York 1927, “

This bdook should be very useful to the taacher,
1% contains testing and 4rill questionz to cover the
entire course in chemistry. Most of these guestifons
‘are of thas short answer, objective type. This book
should de on every chemiatry teschexr's desk, It is
designed for student use as well as teacher's,

Cornog, J«, and Colbert J. C., "4 Quantitative Ainalysis of
Ains in Teaching High Sehool Chemistry®, School teience

and Mathematics, 241168-173 (1924)

This bdook sontains ons of the very best analyses
of subject matter of high school chonistry texts in the
literature, ZEven though the sditions analyzed are old
the material presented is very worth while.

"Correlation of High School and College Chemistry”, Revision
Committee on Cammitiee of Chemical Education, Journal

of Chemieal Féucation 4:840-656 {1927)

Reocmmends different courses in chemistry depende
ing upon wWhethor or not tie student plans on attending
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college. It provides topics for a standard mindmen hi
sochool sourse in chemistry with suggestions for mnpleg};ntary
worke I% also recomuends e standard minimum first-yesr
sourse in echemistry for colleges, 7These standards should

be widely accepted, salthough they have be :
being maximum rather than nininnni °n oritized as

Course of Stud Ceneral Seience, Biclosy, Chemist
end Fhysies for ¥ontana Hish Schools, prepared and

issued gnaer the direction of the State Dept. of Publie
Instruetiosn, Helena, 1923,

Kany of the recoomendations made in this course of
study were put in the form of guestions and ineluded in
the questionnaire. It 1s to be regretted that the course
of study for chemistry 1s not worked out in more detail,
and does not offer more helpful suzrestions o the begine
ning teachar, It 18 suggesied that the oourse ocounld
have followed more olosely the recozmendsations made by
the Cormittee on Revision of the Comnmittee on Chemical
Education of the iZmerican Chemical Soclietly.

' Davis, C. 0., Oux Secondary Schools, publizhed by the Horth
Central Assoclation of Colleges and Ceocondary Schools,
1925,

This pamphlset 13 referred to in the body of the
repors as the "Cuinquennial Study of the North Central
Assoelation”, It provided comparstive data on degrees
held by teachers, and percent of juniors end seniors
enrolled in chemistry. This pamphlet contains a great
deal of information pertaining to the high schools that
are meombers of the association.

Dewey, John, Demosracy and Fducation, New York (1922)
His works are accepted a5 authoritative in education,
Dinsmore, Ernest L., Chemical Ca;_cglm_, Hew York (1922}
This prdvides a wealth of practice and drill material

in chomieal problems. Every chemisiry tescher should

have this book on his desk.
by the stulent, sk. 1t 1s also edapdsd for use

Englehart, Max D«, "A Psychological Basis for Objectives™,
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Journal of Chemieal Edueation, 4:304:89 (1927)

This 18 & short article v | .
longer Teport. hioch wes based upon a

It e s8ts the
fining the nhjaetive:gge possidbilities of dow

or ocutoomes of chemistry upon
8 paychologleal basis; The teaoher of ¢ '
learn much from this article, hemistry oould

“Every Pupil Scholarship Contest®, oonducted by Ransas State
Teachera* College, Imporia, Kan. {1930)

The results of this test provided material for

son of achlevemsnt beltween chemistry students of
¥ontana, Hebraske and Missouri. Every person in-

. iterested 1n education in Kontana should de acquainted
with thase texts,

Gordan, KNeil, "ipplication of Peychology to Chemical Educstion",

School Science snd Meathematics, 21:862-8388 (1921)

suggestions may be had from this article when

read with the srtiele by Max D, Znglehart referred to
before.

Crahanm, Hoyh C., "Nolebook Hethods in High School Chemistry®,
Journal of Chemieal Fducation, 7:1122-24 (1930)

This is a questionnaire study sent to the ten
largest sehools in each staie. There were 351 returns
or 74 percent. This 18 as accurate as questionnaires
of this type ean be., I efforded excellent ecomparativ
d4ata, although somewhat seleotive in nature.

Hondricks, B, Clifford, "The High School Chomistry Library®,

Journal of Chenjecanl Xducation, 5:861-867 {1928)

The suggestions offered in the article on how to
induce high school studenta to read are excellent,

It contains a 11zt of twenty books on chemistry that
shonld be 1in every high school library.

Hendrioks, B. Clifford and Chambers, John S., "Chemistry
Tesohing in Hobrasika®

29:138-141 (1929)

"
"i

¢ Sohool Selonce and Mathemetios,
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Very good oomparative data wasz provided 1n this

artlicle. 1% is based on a questionnaire sent to all
sohools of MNebrasks and gives data dire
tg gmall sehools of Kontana. airectly somparable

Horton, Ralph E., "Measuredble Dutcomes of Individusl Laboraw

tory Work in High School Chemistry”, Contributions to
Edycation, Columbia Univ. 303 {(1923)

The most thorough end convincingz evidence thai the
recl tation-~demonstration method of instruction has much
in its feavor and as fer as learning of subject matter of
shemisiry is concerned iz as effeotive as the recitationew
laboratory plan,

HoPhorson, William, and Henderson, ¥illism Edwsrds, Chomistry
gnd Its Uses, New York, 1927,
This i3 a widely used textbook.
Eontans Educational Direstories, 1927-23 and 1928-29, published
by State Superintendent of Publie Instruction, Hslens,

Montanae

This source provided much of the de=ta on enrollment,
the schools tepehing chemistry, teacher load and teacher
salary, . This sourcae was almost indispensible.

Oppe, Grettia, "The Status of Chemisiry in Texas High Schools
Affiliated with the Southern Assoclation of Secondary

Schools®, Journal of Chemfos) Edueation, 6:1748-1758 {1929)

This waa a guestionnaire study. The resvonse was
good, For 4iagnoatic purposes ithe schools were divided
into four groups aacording to enrollment, iuch ocompar-
ative 4ata was avallable from ths study which was re~

lisble. A mmber of the gquestions in it were dbased upon
teachersa' opinions,

"Order of Precedence of Laboratory Work and Recitation in High

School Chemistry®, Journal of Chemical Edneation, 5:1300-08
{19238)
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This 1s en excallent report. In it were vided
the laboratory values listed in question 62 orpga
questionnaire, and other good eomparative data., The
above report was a questionnaire study with replles
recelved from the lerger sodools of 15 states. It may
bs critiolized on the basis that the data was selected,

Fhelan, Earl ¥,, "The Status of Chemistry and Chemistry Teacher g

in Ghio®, Journal of Chemical Educati~n, 6:12196-2202 {1928)

The same questionnaire was used to make this survey
88 was used by A, Swartz referred to below. Since schools

of all sizes were surveyed this sourcs provide
good reference material, 2 4 much

Fowsrs, Semuel R., "Diagnostie Study of the Subject Matter of
High Sechool Chamistry™, 1umd versity Contributions
$o Eduosticns, 149 (1924)

This waa an epoch making study in shemistry. It
proved through a carefully controlied tesiing progrem
that tho factual subject matisr of chomistry is soon
forgotten. It 1s subject to oriticism on the basis that
the choice of tasting $tems could have been improved.

"Repors of Chemistiry Survey”, School Science snd Mathematies,
15: 810-19 {1915}

This was one of the first surveys made in chemistry,
A large number of questions were asked, many of them
requiring enswers of subjective nature, Seven hundred
and sixty blanks were distributed %o ell sohools belong-
ing to territory covered by Central Assoclation of Teionoce
and Eathematics Teachers, Threo hundred were sent to
all parts of the United States except Hew Zngland.
Only a fiftean pergent response was rcoelved, It pro-
vides much comparative material although the data maybe
unreliable because of small responsc,

The Cuestlonnaire~efescarch Bulletin of the N, X, A.
No. 1, Vol. VIII {1930) |

This bulletin provided the eriteria by whioch the
reliadbility of the questionnaire ciroulated by the writer
was tested. This 1a the best article that has been
written on the questionnaire. No one should underseke

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



& questlonnaire study defore sousulting this pamphlet,
"Reorganization of Science 4n Secondary Education™, A Repoxt

of the Commission on the Reorganization of Secondary

Education, Appointed dy the Hationsl Eduocation Associg~

%$ion, Bureau of Education Bulletin 26 {1920)

bosn made on tho Teaching of sciemoer  Ib Formed ng

foundation for & mmber of questions in the guestione

neire. The soolal objectives of guestion 45 were take
en from this source.

Reports of Principals and Superintendents to High School
Supervisor, ¥Yart B3, 0On file at tha offlice of Superin-
tendent of rublic Instruction, Helena, KHontana,

This oontaina much valuable informetion concerning
tecachsrs' degrees, majors, teaching losd, salary, ete,

Rogers, T. A., "A Survey of Chemlastry Teasching in ¥Wisconasin

High Sohools”, Journal of Chemienl Zduestion, 85:1415-24
{1923) ’

This questionnsire study was sent to all schools
having five or more high school teachers, The dazta is
selected. The attitude of the author was very critical
in interpreting the date., Howevor, this would not effect
its roliability., A falr response wns received to the

questionnaire,
Sampey, John R., "An Outline on Pandemic Chomistry®, Journal
of Chemieal Education, 5:1243-1254 (1928)

This 1s en excellent discussion of cultural ehemiatry,
Many helpful suggzestions sre made on how values other than
ths faotual matter of tha toxtbook may be obtained. A
suhgested outline for a laboratory course 1s given. It is
written primarily from the point-of-view of the ocollege
profesaor, but applies equally well to high aschool,

Silverman, idss "A Survey in High School Chomistry in Penn.",
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Sofence 43:179-132 (1918)

This 18 one of the older surveys. (uesticns are
asked concerning methods of condueiing classes, subjeat
matter sovered, and teacher preparaticn im an effort to
establish closer correlation between high school and
¢ollege chemistiry. The eighteen questions asked provide
gonsideradle eanparative data., Thers is no way of
determining to what extent the questionnaire was answered,

Stannard, B¢ 4., Chemical Review Book, Hew York 1924.

This is ono of the series of "0xford Review Booka",
and 1s without 4oubt the very best in the field., This
book should be pleaoced in the hands of every student of

ghomietry. It will save the teacher much drud and
arill wrke e

8toddard, George D., "lIowa’s Placement Examinations™; Chemistyy
Aptitude, C2~1, Revised, Foms A & B, University of
lowa, Studies i{n Educetion, Vol. III, Ko. 2 {1925)

This test will be used more by teaschers when they
learn of 1is possibilities in predioting success in
ehemistiry. Simpler directions avre nesded for administore
ing the text., 1Ita rellability 1s 0.83 with P. E.--s00Te
4,04

Swaxtz, A«, " & Survey of the Chemisiry Course of Cregon High
Schools"”, Journal of Chemieal Zducation, 3:817-823 (1928)

This survey was made Dy means of a guestionnaire,
The suthor claims to have ressived oloss %o u 100 percent
responsa, I§ contains excellent matorial for comparison
in X¥ontans, This was one of the dest aources for com-
parative data available to the writer,

Twiss, George R., Principles of Scienoe Temching, New York,({1917)

This is one of the older bLooks on aclence tesohing,
but is st1ill one of the very best, Many teachers have
used this book and improved their teoaching thereby., It 1s

suggested that this book should be in every high school
11brarye. '

Feber, Jamos Jsp "Is the Tera ‘Yxéual Lducative Scientifie?” The
Phi _Delts Kapnan 11:78-9,83 (1913)
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Woodhull, John Francis, Ihe Teaohing cf “cience, New York
(1918)

This book has becn widely used by teachers of
selence as a form of manual, The discussion on gen-
eral soience i3 especially goode It was used by the
writer in formulating the s ims and objectives (firse
1ist) and in sugpesting questions on means of nmotivate
ing the eourse and laboratory procedurc.
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APPENDIX B--QUESTICENAIRE
FOR TEEL PRINCIPAL OF THE EICE SCHOOL

During the past three years the Somritiee on Liucation of
the Ameriocan Cheniecal So0ciety has been attenpting to determine
thru surveys and other means the astatus of instruction in high
school chemistry. <Several such surveys have been made for the
Lastern states and someé 0f the liddle Western states, but, a&s far
88 I know, this has not been done for any of the Rocky MNountain
states, I propose to make such a survey of two represcntative
Rocky Kousntain states - Montana asnd NHeveda -~ by means of & ques-
tioxnaire, one of which I have enclosed,

In this guestionnaire I have attempted to cover tsn of the
possidble twelve or fifteen phages presented by tkias prodlem. They
ares i
{1) Administrative xestrictions pleced upon rezistraticn
{2) Teacher gquelifications thru sdiucsation and experience
- {8) The extent to which students enroll in chemistry

- {4) General method of ecarrying on class work
{5) Efforts made to make chemistry more interesting (and
valusble) thrua other means than the study; of textbocks,
{6) The local interests there are that would ald in motiva=-
tion of the subject. . ,
{7} Efforts the teachers make fo meet recognized stanlards
8) The objectives of the ocourse

9) Laboratory eguipment and practlces
(X} The values to be derived from leboratory work.

The data colleetsd will be analyzed, orguanized and summeriz-
ol and then sent to the Superintentents of Public Instruction in
the states where data was obiained; also, this data will be sent
to the school Journals of the above listed states and to the Jour
nal of Chemical Education to be used by them as they may desire.
Personally, I propese to use the datg oblained as the basis for
thesis as part requirement for my masters degree in elducation.

The more responses I receive to the guestionnaire of course,
the more relizdle the conclusions that I may draw will be, I an
very anxious to do Just as good 4 plece of work a&s I possibly can
Hence, will you co-operate with me by eanswering the questlon on
the sheet “For the Principal™ and then passing the questionnalire

on to your teacher of chenistry?

I wish to thank you very kipdly for any time you may be able
to give to thls matter.
Sincerely yours,

P.S«. If chemistry is taught in alternate years end this happens
to be the odd year, will you ask your teacher who would teach
chenistry 1o answer such guestions &s apply this year?
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Te

8.

FOR TEZ PRINCISAL OR JLAD OF
D:P;Rfﬁﬂﬂ?
Rama of hizh school:
0% tho nunber attendirg how wany are of {a) sophomore stard
ing » (B} Juzier astmndlie o (0) Senior
staiading T

Is chemisiry offered {a) evury your, or (b} alicrnale yeors

ig goneral scicrce prerequisite te taking cLemlstry?

Do you hav: a ruleé that chemlstry must srecods physics?
Thad physices puat precede chomistry?

Uudsr whal oonditions are sophomores permitted to take
chenlstry? :

Ir registeriig stude ts for chenistyr, shat elfort ia n:de
to include only thoge siudents who Lhuve in tho past done
£00d work in othoer subjeots?

Indtcute 1 chenistry is requirsd (k) ox elsctive (£},

tor craduakior from the follocwing courscs: (a) soiersilic
{ ), () clussical { *), (o) Zxglish { ), (&) coomore
eial { ), (0} sxy other | . ,
{Fote] 1 you have a aLiTCre.t ciussiiication of courses
v0.1d you pluce it ox the bsck of tLis slicel wiih the ine
sorpution assed Ilor?
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¥OR THE TRACHER COF CHIUIISTRY

Below I have listed Fifty-four (54) guestions on the methe
ols, obleotives, and rssulis of instructlion in chemistry. These
questiocns I am sendinz to the teachers of chemistiry in the
states of Hontana and Hevada. I wish to determine what the sta
status of instruction is in these states as compared to that in
Eastern and Xiddle ¥esgtorn States. I belleve that 1t will be a
favorable compuarison, '

: For the most part answers oan be madL by marking with a
chesk, underscoring or writing "yes"™ or "no". If you think that
you cannot gtate Just the response you wish to make by these
markas feel free to write in more conmplete statements. Critie
cisz or comment on &ny guestion or group of questiions is asked
fore - I Tecosnize that & few of the questiona asked are general
in pature and may be difficult to enswer., Novever, when 1 con-
sider that the school year is almost finished I know that you

- bave; answered moat of these quesiions Lfor yourself, and that

the answers ~1l1l come readily. Your best Judgwent in cases of

doudbt is all I a:k fore.

I khave found it nesessary to ircludie quesiions for dboth
the large and emall school, I1f you find quesiions that 4o not
apply to your sockool, leave them blank.

In a letter to your principal wy purpose for sending outl
the queationnaire is given in more detall than is gilven here,

This letter will probably be passsed on Lo youe

X wish‘to‘thank you for any time you may clve to this
matter,

sincerely yours,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FOR TEE TEACHER OF CHEMISTRY
9. Your name (you may omit if you wish}
10s From what schools have you graduated?
11. ¥ajJor sublects (a) {b) Uinors(a) {b)

12, How many hours credit {(state i1f gquarter or semester) do you
have in (a} education {b) chemiastry {¢) physics

AR

{4d) mathematics -

13. In the 1ist whioh follows underscors the courses you have take
ens (az Eigh School chemistry, (b) general (college) chem- °
istry, (6} qualitative enalysie, () quantitdtive analysis,
{e) organiz chemlstry or carbon compounds, (£} physical, (g)
indanstrial {h) physiological (1) c.urse in the teaching of
chemistry, (J) any others »

‘14. How mary weeks of summer schocl work have you bhad in the past
five years or since graduation?

16, ¥hat courses in chemistry have you takenduring this time?

16, Kow?my months of teaching experience have you had in chemis
try

11, ;‘l:w?nsnx monthe of high school teaching experience have you
a

18, %hat experience have you had in industiries such as you would
study about in high schoo] chemistry?

19. that industries (other than stores) do you bave in your com-
runity that would ds of iuterest for a class in chemlstiry to

vieit?

20. Do you 1live in an agricultural community? + Do you try to
nake direct application of your teaoching o1 chemistry to the
problems to be met in such a community?

2. Do you make chemistry a first cholce subject, a sccond choice
subject, or a third choice subject in making epplication for

. - positiom ?
22, How many yeara have you been in your present school?

¢3¢ ¥hat s your saiary per year {omit if you wish)?

24, Hows many students 41d you have enrolled in chemistry at the
~ end* of the f£irst two weeks this year? lMow many were (a)
so phomores {b) Juniors {c] seniors? .

P
P d
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264

2.

-

0f this number how many dropped the first semester {a) be-_
causeé of unsatisfactory work {v) for other reazons?

Abong what mumber will do satisfactory work for the entire
year

Do you attempt to section students according to ability as

- ghown By l.Q.%a or previeus work? —

28,
29,

&

al.

Fhat textbook are you wasing? ¥hat edition?

Eow many recitation periods do you have per week? Length
of period in minputes? How many sections? Rumber in
each seation (a) {c) .

About how many mimtes of the recitation pericd do you give to -
{a) agssigrment of the loesson : (b) for discussion of stud-
ent difficulties 3 (o) Tor question 3 {&) for
drill work 3 (@] supervised study ) ) demonstraw
tions -

Do you use, for ¢lass purposes, & review book such as the "Ox-

forda"? A question book such as Cook's "Hew Type Cuestions
in Chenlstry:" fractice material in prodlems such as

Dinsmore's ®"Chémicay Calcnlations?

32

3.

Do you make studeni reports, elither oral or written, on oute
gide readings & regular fecture ¢ £ your class wrk?

Do make uge of projects in your tescking ? If so0, about

how nany will you work outb ;his yearst

e
\

85.
.

37

484

39.

40,

.

that use do myou make of visual education such as motion plo=-
tures, slideas, etc.? .

é.bcut how many fleld trips will eaoh class muke this year?

How meny students will you have take part in the American
Chemical Society Essay Contest this year?

Do you have a science elub?

Do you follow your present State Sourse of Study (a} very
closely (b) clesely (¢) not closely (&) not at all?

%11l you give standardized tests in chomistry at the end of
the years work?.

Do you feel that your studenté meet the minimum standards &8
proposed dy the Committee of Chemical Education ¢f the imer-
ican Chemiecsl Society?
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41. Ehich of the following characterizes your method in teaching
chemistry: (a) textbook = supervised study « laboratory plang
{b) textbook « glasa recitation - ladoratory plan; {e¢) the
soniraot plani (4) any other plan .

42, Underscore the periodicals which follow thst &re available
for stulent use; {a) Journal of Chemical Lducation(d) School
Seience ard Mathematics {o) Popular Science (4) Seientifie
imerican {e) Popular Lechsniecs (f) others.

43. Adbout how many reference works on chemistry, athér than high
. school textbooka, 4o you have in your school lidraryt

44, ®hich of the zollowing are included emong these: {a) Creative
Chemistry (b} Chemistry in Medieine? (c¢) Chemistry in Indus-
try,tvolc I (4) Chemistry in Industry Vol, 1I (e) Life of
pasteur :

45+ Below i listed some of the wvalues to be derived Lfrom & course
in chemistry. Indicate to what extent you think you have ae-
chieved these for your class as a whole this year. (1) would
indicate to & marked amount (2} in:eonsiderabdble amownti {(3)
moderate amount; (4) small amount; (5) negligadle.

. {) The development of interests, habits and abilities.

-« { ) The development of direct and effgctive methods of solve

ing problems that might arise in rexl situations.

{ ) Developmert of a hisher appreciation by the student of the
Pleasgure snd profit to be bbtained by the excrcise of hia
own abdbilities, '

{ ) Control of an apprecisdble body of facts and principles of
gigniticance in the home snd commmnity,.

{ ) The tuilding up of an intelligent understanding of the con-
ditions, institutions, demands and opportunities of modern
life. )

{ ) Development of clearly defirved points of view, intensified
powers of insight, and points of departure for new attemptse
for future study,

{ ) appreeiation of the contributions of chemistiry to health,
and in the sontrol and elimination of dieease. .

{ ) Appreciation of the privileges, duties and responsidilities
that 1iving in this age of sclence involves.

( )} Aesthetio appreciation to the degree that the eyes are
open t0 the perception of new beauty, and power to undere

stand and enjoy. .
LABORATORY EQUIPMENT AND PRACTICE
46, Do you find that ym laboratory equipment is {2) very complete
{b) adequate (6) such that you can Just get along {d) such thet
some important experiments rusat de omitted?

47. Underscors ihe 2aci11t1ea that follow that are available in
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your laboratory; {a)gas (b) distilled wuter {e) rumning water
at desks (4) mercurial barometer (&) analytissl balance accur
ate 10 ,002 gram (£) spectroscope (g) effective hoods,

8. ¥hat Ia‘be;ratory‘mmaz do you use?

9 Appﬁximte the number of lsboratory experiments done by each
- FADide : ‘

0. The number of optional experiments.
fle The mmber of laboratory experiments done by you as demonstrations.

f2. How many laboratory periods do you have scheduled per week?
Length of ladoratory perlods.

3. Does laboratory work {a) precede (b) follew or (c¢) vary sccord-
ing to the nature of the topie, the class discussion of the topict

%4+ Are students required to write up experiments in (a) outside
notebooks (b) write observations snd answer questions in labore
atery mamuals (¢) vze an ocutlined notebook sueh as the Troguois,

50, ire ‘studehta permitted to write up odservetions and results oute
side of ladoratory or olassroon?

f6e Do you iequire preparation in sdvance of porforming labdoratory
sxerclises?

i7. How many students 40 you have 1# your laborstory sections?
68, Ei:at is your practice in corredting notedbooks? |

59, ¥hat method of laboratory work is followed: {a) the iniividusl
method {d) two students working together (¢) sny other method.

60« Do you think that the reeifaucn - demonetration rlan may bve
made to tekxs the place of the recitetion - laboratory plan?

61, Would you recommend doing this in your school?

62. Following are eight educaticnal valuea that may be derived from
laboratory work. List them as you think theyare of importance
in your teaching, garking the most irportant (1) the second in
importance {(2) ete.

)} Aequirement of manipulative skill {(laboratory techniec)
Training in badbits of acocurate observation

S Appreciation of the scientific method of thinking
Development of initiative and regourcefulness
Incresased interest

crete, or a ledsze throuzh direot contact
U ) Coner e e oot i E b, and g Sromledge ch

& i Training in habits of accuracy arnd neatness .
Cultivation of ability t. reasorn and draw conclusions,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



E”’.B’\‘“’a‘ v o © m}js‘ ol 9| of of oIy g R
: u.l'.;\g]l% L(;Q'.‘:.'r\&'\'é NS QQQQQ\E(%EO‘QQ td’
‘ Ao L o
oo |~ ofmf oo [ S| of| of ol o o ~|~| || &
Qy 2 iy Mo b 0
A B—-—\ba( N A\ *\‘ . ~
TIRTANL ) o~ Qe aaé\Lﬂ O A «y
.Q J‘aqqu.ﬁ/i\ ™ "Sm\“:zt ¥ &;is‘bx&\%\ l;b
\
5 B‘-Lll,.l‘.o:f-QQ:\QdQ.QD&QQQr?QQQ_O.'OQ.ég }
\\'7')“}00./0 }'Q}QQ'Q\-U\QQQOQQQQQX\Q o~
%43_‘33“{:—78 6
\ Gu',";_g;éiQQ\Q\QQQ[\\GQQQQQQQQO\Q PU‘C;
y : (s
h Y
N Al \ Vo |9
22N | S e oo N df By ol o hledd N0 ~
\| 2njto4 =
: LR { o
bqowngsva'l&\ Q\b.Qﬁ‘\‘? VDI VI | ~ ~|9IQ n
N2 MRh i I
X Q[ nrpus AL ~ [N v N
' . ™ Qf 0| ©of % o % J| ¥ w] =
wWay> o 00| o o ™ o
; K P:/;IOJI.(U;/\ “!\"‘B*\QWM Q\Q N8N
N [eoyos 3 S v 2 g X
Q T L] N el & SIES RN \sr\é-m‘bx‘\‘e\u
\ 43(15'3“)\/ %%qﬁ&u%hm\?% hmmvge«,mt\\ 1‘3\1\\1‘*\5
] v
\ N —wvad &[] =~ ] el 1 Qe
eyt A Beriiet B I B A Kov T I S ST AT BN B ey s U I S o I O e e B B
lé Wlbunred % SIYSS NG Y S N &N [N § IN]s|ey 3]6
- N 23 f Wt
V| buwrioyg &q?\q%“?\‘w\h\\\ﬂQ\Q‘\“\xfﬁ\ N RYN LN I
yLAzgtuny -6 :
\ W { \ NN N Wt
A Sl o|lh ] o] 0] Q| W] ;] ]| B S]] s Y] TA ™ ol N ol b
\"Su‘:;:j”%dthmh%m:Qq\g}%\wﬂ«w:‘;qu D:m%gm\
] * :.' -~ U
mefo% LR AR ERENSERE R R RN
43{53“(?‘5 o . E
{l\: éj/?lzimq}»ﬂ}\ntidﬁ\g\g{votoﬂo
— S
> B‘QD\Sh‘w*Q*’P*md]‘\ N MR IR AR R
‘\iL +3> W *\\9 NDE R N R B R B TR BN RN AN REENEN RV RS EN
ol 2 ritox @ \ 3 U
tidd oag ~
N[ s¥sem ¢ NYIRER S R ICY I P IR RS I
pus tusyy o Q] NS | o] o =] ad o] o} |~ &y
ool SRS A NS D LY
) d \
j oo ys A Jalo WE [Nl o8
Fe \n’m‘i““g \9"%0*'3\\\3\\\*3 NININ ST N |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XI. Sshoolz from hish Teachers Received 3.A. or
B.5. Degree.

First and Second Class Distriets
and County High Schools

State Univeraiiy of liontans ~-======-
dontana State College ~wewecemaa- e
Intermountain Union «=~ewwccccwcaan ——
University of Uinnesota ==ew-eccccnnas
University of Wigoonsin ~~=w<ecocccna
University of Dubuque ====emece~ccena
fdashington State College ~=~==vwvcoas

ML LD

Une teacher from each of the followiny: 2Purdue, iLafay-
ette, Ind,; St, Claf, llnnesota; lebraska . tate Tescher's
College; Bethany, iansas; Horth Dakota state College; liater-
loo, Iowa; Businessz College, ;: College of -%. Catherine,
Ste Faul, ¥nn.; University of lowa; Lynchburg College, Va.;
Knox College, Ill.; ‘hitman; Esnsas State Teachers; Tarkio
College, Mo.; Pittsburg Kansas Hormal; Gregdn Agricultural
College; Alblon, Michigan; State Teachkers College, Superior,
Wisy; Hilleda o College, Mich.; University of Jorth Dakots;
University of South Dakota; Univeraity of ITebrasks.

Third Class Jistriots

State University of lontsna --==s--- -
¥entana State College «—-=wme=ceccwn=-
Intermountain Unlon w=w=w==—ccmeeca—..
University of ldsho =«=-ww~wescacacew
St. Olaf College ~~~==-=w-- mm—mmmee—- -

tatatn O

One teacher from each of the following: University of
Utah, Salt Lake; Nebrasks State Normal; Aberdeen CTouth Dakota
Normal; Kansas State Hormal; GQustavus Adolphus; Calsm-Eewman
College, Tenn.; Iowa State Teacher's Coll.ege; University of
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of Iowa; Columbus College, South Dakote; MHontana State Hormal;
Luther College, Iowa; Bethany; University of Illincis; Kansas
State Teschers College; Central Jesleyan , Fissouri; Franklin
College, Ind.; Paoific College, Ore.; lowa Jesleyan; Union
Theologloal Seminary, E.Y.
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TABLE III. APTFENDIX C.

Eajors Held by Second and Third Class Distriot
Teachers in Edusation and Cther Subjects.

Second Class Districts

Eduoation alone ~~~mecome -
Home Esonomigs ~=-~~-=w~-w-
Blology ~==~=w-—=crsvcmacaa
Tharmagy =-=====~~=~--o--ex
Agrioculture ———————

Animal Husdandry —--—-------
Socliclogy ~=w-mmmmmcccneccne
History R

Latw A D DAy Gl U S DY WD U W W W e 8 W T G W

Pt d b Bt ) D DO CR

Third Class Districts

Eduosation alone ~e~e=cecnemes J
Zuesation & Blology =~===== 1
Edueetion & Paychology =--- 1
Edusation & Greek & oooiol-

Edggztion & English ======= 1
Edueation & Agrisulture =-- 1
Eduocation & Biology & Pay-
chology & Business Admin-~
istration s~emw-c-ccon=ew 1
Zduoatlion & Elstory -e==-v-- 1

All Gthers

English ====~- o —————————
¥athematics ==~
Eistory & Polltical Science
ZO0LOgY ~memmevemeemcen————
Bnainsaa Administration «~-~
Sonlology =~===weme—reec—es

A A . W S

Latin ~=eecemccecccccccnana
Spanigh ~-weececccccccccccca
Physios
Agrioulture -

Zoonoaios = rreccscvacencne
Geology =~~=mrccccnmcccane-

- — - o Sy -G S o -

(3
i
]
‘
'
s
l
:
i
'
$
|
'
i
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ol i ad ol s e ed el el N
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