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An Experimental S'tufl:y to Determue the rtelative r;,ffectiven~ss of "l'wo ~thou 

of' 1.·eaehing First Yea.r College Chemistry La.boratory 

Problem; 

Oklahollla Jlg;riou:l tura.l ll.llt~ Mechanical College, like many other collegiate 

insti tutio-ns t,hroughout the country, was f'aeing nwnerouB complicated and 

neeest:iary ~djustm.ents, due to '.tb.e incr'eased enrQllmeut. In the Ch•3mistry 

Depa:rtlll'en.t t,hese com.pliea.tiona were the most. ftcttte at f:reshm.sn chemistry 

1,3vel, &'lrl pa:~·tioul~rl:y in the la;bo!'B.tory portion or these courses .. 

US€1d at d.iff'f-1:r·ent, t,i:mr:1s during the woek, with a :t'Llrad 'brol!k~ge fe.e pai1J by 

aacl1 student.. b'l1ch e..n ~l"re.,'::l.geroont lr,a to diss~.tiafact.icm, ine;ffieit,ncy, &~d. 

college ehemist:ry l.u'hot'!ktory ... 

'the questions we desired to hav·e !fillf.nrex·ed were; 

L v-11.a.1" t:i.rc t,ho relative, advt;;:n:ta.g,1::: or d:tsoova:i:rt&Et"NJ 

Fe;Toups ot tvo in the lt:~bo:ratocy r.ts eom.pa1·od to individual l!,oorator, 1.,rork,; 

~ihen ll'.'!.Hlsu.:red by p011cil and papm:- tt-.1ata? 

ciet·ermined "tiy ii qu.estfor.m.i11.ire checked b;y thEJ instmetoi~a at t,hrJ clo~ oi' 

eaeh semester'! 



SUbj eta: 

::lix hund d and eYenty-four OklA.homa A. and M. College freshmen a.ncl 

sophomore students, who had r gistered for Chendstry 114, were ael cted a.a 

the subj cts for the experiment, The oubjects were divided into fiv 

lecture section and thirty-three quiz-labor tory el sse, and were taught 
. $ 

by three lecturers, four labor tory inatructoral, and six graduate ssist-

t • 

Toward the close of the first same ter the tud nts were pre- enrolled 

in Chemist 124, and 312 of them served as the subjects for the second 

emeater. The subjects during th second semester re assigned to fi~ 

lecture ections and twenty quiz-laboratory classes. They vcre taught by 

three lecturers, four l boratory instructors, and five graduate assistants. 

l of the instructors and graduate assistants had Bachelors Degree in 

Ch mietry or its equivalent. 

Parallel Method .!ru! Equating .2f Groups 

First ~emest r 

It we de irable to obt in fro the students tvo approx.imat.ely 

eque.l. groups, r of students par group being eufficiently large 

so s to have statistical. significance. Tho groups received identical 

' 
treatment throughout the course, vith the exc ption of the manner of their 

l.aboratory vork .. 

Sixt en of the class s, consisting of 335 students, ere d signat d as 

individual cl ses to serv as the control group . 1'he tudents 1n this 

group v re to do their laboratory work by the conventional thod.. • oh 

l Most of the instructors taught clas ea for other courses during the 
first end econd semester in addition of these experimental classes. 
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stude t wa to u an individual l boratory lock rand quip t to perfo 

th xperillents . Th re ining 17 classea, consisting of 339 students, vere 

designated a.s <;>rou.p d cl se to erve s the experimental group. The 

student in th1s u-p war~ to do exactly the l boratory work a th 

t dent in th individual classes, but re to work 1n groups of two. 

Thes two stud nt were to use on 1 boratory locker and on st of ppare.tus, 

top rform the experiments. 

Four beginning courses in f:res chemistry are offered a.t 01.claho A. 

!Ind "'" College, three of which p rallel course de igned for tu,_:ents 

who have h d no p vious high school chemistry tr ining. Of the three 

p rall.el chemistry courses, the one d signated s Chemistry 1.34 and 1,44 is 

off red tor tudents of ricultur; another, design t d s Chemi try 11.3 

d 123, is offe d for tudents enrolled in the tlchool ot Home l!:conomics; 

and th third, design ted s Chemi. try 114 end l .._4, i the traditione.l. 

eour e , and i offered to students in the School of Engineering, students 

of Agricnlturo who plan to study veterinary :medicine., pre- dical, pre­

nursin.g, and science . jors from the ::ichool of Arts and ~cienees, and 

Education students who plan to teach science courses in high schools. Th 

fourth course is a one semester eour for students who have had high school 

chemistry, and who e sufficiently high score on a Chemistry Pla emcnt 

~est. therefor , it is r asonable to ass that students enrolling 1n 

Chemistry 114 were as lect group, and should be about equal in ability 

and de ir to succeed. 

The tudents in both the cont rol group nnd the experimental group were 

s lect d at randoa from the original group of students who had registered 

for Chemist 114. !!:a.ch group consi ted of those students who, in enrolling, 

h d scheduled their laboratory classe on fix d half-days of the ~eek. 

Therefore th group should be equivalent. 



Control. Group 
l"Z'Pf?bmf'-0 ·-~ So:pb:omr~s 

TI):l.gi11cering 
A[I:L"'icul tu.ra 
£;.:<'.'ts ,2,nd i'Jc.k:nees 
:ru,,ication 
CO-lltmel"Cs'!l 
Homo Bconomtos 

disposition,. 

Honoraple Uisc:ha..::rg~ 
Inoomplct~,i Grades 

153 
71 
50 
1 
5 
l 

281 

Witb(lrew with ::Y'nil:mg Grades 
·Quit l4ithout Legal :lithdra:wal 

1'0'£AL .t.Ol)~ 

.30 
"' :, 

18 
0 
l 
0 

':table II 

Oon't,rol 
Qro!,tp • 

4 
4 
4 

'?~tal Completing tha Court:11e 
37 

29'$ 

fJ;cpe1°ill'M°'.n1;al Group 
, .Fl;'.estiJlt§n ~£1,;n2bomc,re,s 

1(16 
56 
38 

1 
0 
l 

.ii'xperimen tal 
s1·;coup 

23 
6 
1 

' 35 
304 

26 
.3 

l4 
2 
2 
0 

4? 

4 



this .American Council on Educ.ation P~rchologiaal l':xaminErtion, wllich is given 

to all ,entering i'reshmen and new students at OklMO:m.9. A .. .eix1d ti.. College, 

Compc;.r:i.ss of Amsrlcan Council on Mueation Psychological .U:Xaminati.on 
Scores 

k,:,)a,n 

1;:i'te,11.dard Deviation 
.Ha.nge 
lfW!IDcr of" 8ubjects 

t2 v--alu.e {m~ifilnS) .3 
", value. ( sigmtu.l} I.; 

Control 
r}mq.p. 

99 .. 59 
23 .. 33 
,31-172 
281 

11:Xparimenttl 
G~ .• 

0 .. ,22 

l.72 

100.06 
2; .. 86 

31 .... 15, 
285 

2 H~ A. Fit,her1 :r~! Ves!{a ,2f. l~r;imen.ts, p:p. 15-16, 38-L;J. 
In t,hitf; study the fft value" approximately equals the oritie.al ratio1 
which hi dof'iried as th!iJ dif'fe:ren.e-e botvean two ~aSTu"es divided by 
th,'iJ irt.andard {,)?'!'Ol" of the d.ifferenoe between tw maasiu0as ~d indi.aates 
wh.i;;;ther :tb.e difference 'between th;S! two measures ia e. renl diffe:t"et!Ce or 
th,';; result of chance fluctu..'iltion L"'1 random; sampling .. 
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At the close of the semester, l bora.tory assistants checked the pparatu 

bl e eh lock r nnd the students or required to replace all lost or 

d ged qui nt . Then the accounts were balanced and the students · re 

r quired to pay th difference in cash when their breakage and loss exceeded 

one do, r r tudont. 1b n pm.ired students checked out app mtus from the 

storeroo each .....,.._r was required to sign a chFJck-out 0 lip. At the close 

of t so ate ... > or- vhen th p rtnership "' dissolved,, rws 

char d his shar and could clos hi ecount ind pend tly of his p rtner. 

Sine it was the im of this tudy to h ve a ingle variable, it ,is 

d t t th weekly program of the student I consisting of two 50-

minuto lecture p ri , on 50- minute quiz p riod• and three hour labo:ra.­

to1-y period, w quivalent with the exception of the stated variable. 

J.11 the tud nts taking Cheai try 114 and 124 t Oklahoma A. and n . 

Coll ge .ed s t xt book Colleg · Chemistr,;y by Herman T .. Briscoe, 

oughton L'ti.ftlin Co y, New York, 1945, in which assign nts were 

usually e tvo d ys per w ek, and al bor tory man al, 8emimicro 

Arthur , and Smith, 

cmillan Co y, w York, 1946. 

During the tvo lecture periods each we , th e lecturers, lecturing 

to five elaBs of ovo one hundred student ach, introduced all new 

teri • For quiz and laboratory work the tudents e or a.niz din 

sections con ieti. or not more than twenty-four students. 

In order to giv unity to the work, e ch student :nd instructor~ s 

furni~h d syllabus of the course. The lecturers c refully 

followed the material. , a it was presented in th syllabus. 

The quiz ections were designed to allow the student elf- expre sion 

and r relatively informal aa comp red to th lectures. During the 
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quiz sess1Qlla the inJtraetors carefully :f<>llowd the ayllabu.s1 au,.;5! triGd to 

elear up all individual difficulties and misunderatanctinga. 

In the laboratory,, the studente were asked to follow the inetl'tletiona 

u given m the l.abor~torr anual. fhe laboratory mm'l'WU consisted of 

. exercises in which ware listed.· specific apparatus and materials" prc­

aratory questions I p-roceduro throughout which ,ob$ervations ve:re numbm:~ 

and interpreta:Uona.. The laborat.ory exe:rci:7$e to be perfo~d was a.&sig.'194 

the previous week:1 w:id ea.ch et.udent wa.s expected to haw &.1swe~. the 

preparatory questions,, and to have in mind the general n4,ture or t,he work to 

be done. 

s.t the be.ginniug of tbs laboratory r1eri«i, the !.nst:ruetor inspected 

eaeh student•s ltt'bor;ll.tocy mmuaJ.6 and preparatol"y que-stions, e.nd initi&led 

the exercise iudieating that the fltudent 'W~S ready to start the labo:re.to:ry 

work. 'l'he exercises were short enough · for ill t.lte students to finillh the 

proaedure and observations during tho laboratory periml. 

The procedure 1n the ,exercises was L11elusi ve enough for the etud.er.t'te 

to be able to perform the ex$rois(l} with little uaista.ne-o i':rom the 

unavoidable du.a to a. shortage of equipment or materials. In suches.se&t the 

laboratory 1nstru.ctoI19 were told by the laboratory coordinator what eb.ange.1 

observations on a separate pa.per as they wero -.de1 and a.t the . conc:lutd.on of 

the procedure, they wrote in the interpl'et&tians in the apace provided in 

the laboratory manua.l. This ws done in the laboratory only when ti• 

permitted, ot.be1"'Wise tb&y were oo•leted l"IOfon tht.1 next l&boratory period .. 

6 The inspection or the labomtory m&.nUal consisted of ollee:t.ir.1.g to see 
that the Attudent had oonq,leted th& prorlous e:;i:ereise, &.nd had not attempted 
to 1'Jr1te 1n the interpretations of the &;;lsign1:~d e.,;o:rci;:1e,. 



Durint: the laoomto:ry period the inet:ru.otor moved continuously about 

tho la'bo:rato17, asld.n.g such (fuestions as ·would d@i:,t'3rmi1;1e whetJier the 

,;r,3)1~,3 :1.J1.terpret:uig .·the 'rcsult,s oor1 .. 1ctly... In cases where the students did 

11ot l111derstm1d, they were ask,ti:! sueh questlon;l3 as n,'\'.>Uld lead them to think 

'thG problst.a ey11t :fer them.ielve3,,. Uel:pful suggestions on equ.ipm;;;nt a11d 

lab;)r~·tor;r ·tt,olmi~"'Ue 1'ro:rc given 1,;htXtlGifa.r necaasacy.. In the gronpli:ld clasaes 

t'ht:;; inatr-.i<.rt,o::t"O treated eiich pair ;fX.8 r.:n ind.i·.ridual, all questions and 

1f'~ggestious we!'<, directed at lil)th members of. thiai pair, !Ulfi not. at il.ny t{p<iicific 

metilv.;1:t"• . ThtJ · me:mbara ot t'le.ch .r,a.ir wri'll encmu•agcd to di:tlcUSffl the ,rork 21:t hand 

f.t..'lllG to ~harti in all. tho &l!}t:i,'1tiea,., 

First ~eme~t(;lr 

'111.r~I'!; intor ..... sem:sBter 01-ie hour objc,etive-typ,). li.i,bomti)ry examiuatio.,'lla, 

thi:eo in'r,e.T-semaste1~ oue hour object,ive-t,ypa '!:.ht:ory e:x~ations, a 

final {,:xa.minliit1oo we,1-e uaed as tlte aJo:r :m.z,asur,p~1:1t.s durb.:ig r:t:rst 

SE:ll\'~11,rt;;t;r,. 1Tha l~bo:r.i:i,tOT,Y' ex.and:nirtiona (EJ:hibi·t I) oOnl$iStlBd of ti'bout 

fo1:·ty muU;ipl1:0 cl1oi{)tll questions of five pt,rts el;'.eb., :filny nuab~r ~.ti.i.cli. 

mii::;ht be correet.. '11.10 q,,u.estion~, 'w'hich ~ere fumi~h.rxl by the inS"t;ru.ctot·s, 

'W.;)l"\.'l so constr·ucted as to a:ttempt to lJ'.l/,1a,su:re laboxe.tol'jr ki101;le:dg0 or 

in:tora:tion only., A number o:t drutwinf!S md illu$t1"'a.tionij w,11re used to 

the la.l)o:.;rt:.to:t"Y situations cle.a.rly it:rt.o mimi.. 'l'he latio1·sJ::,ory exauu.­

nationa i,r,;;l:f'41 .a,dmL"lis·tored during the qU:iZi pi'lriod, SOOr£,"!1 by the intll'tril.eto:::'Ss1 

n:nd seo1'c}S recorded in the ma.s.te:t' roll,, which was kept in the cer:rt,:i~u 

offhJe., 'I'he 1-e$u..lt,s of t.hesD oxnmnatio..•ts are show in Tables IV, v, and VI. 



Mean 
Standard Deviation 
.flange 
!~umber of' SUbjects 

Mean. 

t v~lue {m,31.m.s) 
t valu~ ( sig;mas) 

bt&miard fJ!flviat1on 
!UE£,'lge 
Number of b'Ubjeets 

t value (means} 
t, value {sigi:nas) 

Control 
GmlU) 

'!'able V 

Control 
Group 

3S .. 49 
13.75 
0-77 

296 

'fable VI 

0 .. 54 
1 • .'.ll 

0 .. 94 
1 .. 10 

s:xperi:rnent.al 
G,rQJ.t!ol 

40.96 
10.85 
6,..59 
:304 

Experimental 
Jlrowa. 

.. 51 
12 .. 90 
6-65 
304 

Com.p.~:.d.son of the Third Laboratory Exs.tlination 1n Chemistry 114 

~":!&n. 

Sta..tJ.dard iJaviation 
Range 
Number of b'UbjeQts 

t value (means) 
t value {sigmas) 

CO'.ntrol 
n:r:oYll 

58 .. ;6 
10.82 
15-SO 

29.3 

0 .. 04 
0 .. 47 

Jbtperimen:tal 
Uroy:p 

58,.5.2 
11.12 
11-85 

JOO 
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The theory ~tions (Exhibit II), consisting of about forty 

mltiplo. choice question.B of five parts each,, 'ffl:):re vritt&n by the director 

G! the course in eooperia.tion with the other lacturers. These exal'liination.a 

. wore adainie~red. during the regular 'theory period. 1.1'.aeh. quig-labors.tory 

instructor scored bis atmen.ts' papers, w,d recorded the seores iti the 

.aster roll •. The results of these e.xalliuationa are show in. !ables VII, 

VIII, ·15\.Ud II. 

Mean· 
St6v.dard Devatiou 
Range 
Nuaber of Bul>jeets 

t val.ue,' (:means) 
t va~ (SigilltS) 

Table VII 

Control 
anm,· 
69.,6S 
12.95 
;n. .. 92 

2'17 

Table VIII 

o .. ai · 
1.00 

. t:xperiaental 
UJ:oy.p 

69.m 
13.79 
24-94 
305 

Comparison. of the Second Theory Examination m Oh1.unis:t:ry 114 

~ 
St.a.ndard Deviation. 
l:'wing:e: 
Nutab$r of $tbjeete 

t. value {means) 
t. ·vutte ($ipaas) 

Control 
vrov 
57.12 
17.15 
U-98 · 
~97 

0.17. 
0.2; 

~rillental 
Ciro:@ I 

56.SS 
16.90 
5-95 

302. 

ll 



. Third. Theory 

Con t;rol f'.xperimen:tal 
~~~----~~------~~--...-~~~wt:9:~•~-u~~,<;.-.. ~·c~:y,p . 

Mean 
g't.!mdr.:.rd De,rfa;t:tcr1 
T:{ange 
i~rmnher of: Stibj(1,otf:l 

t Vci:tl0 { m&!:1J.lS) 

t vc,i.lua { t:?iJ.;;,;lll'JSJ 

,Et .. i9 
;'H:i 

........ _J 

12-r'.5$. 

0 .. 1_3 

Control Es:perimental 

--------·-----~----· ·---.. JmYL--. --· 

Meru:i. 
standard Deviation 
R~ge 
WtUllber of Suhjects 

t. iralue (roee.n.s) 
t s;ra.lue ( si(?;l'!'i'tS) 

In 

completlon 

14 .. 63 
21-95 

n.01 
1'&07 

of 
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hort quis ver the work of th previous w ek. Th instructors enjoyed a 

fair d gree of rre dom in this re poet,, but under tood that they were to 

do one or the other bout ight ti.lie during the semeet r . 

1 bora.tory de was co ut d by allowing equal weight for th 

labor tory report gr des, the short labora.tory teat grad s ,. end a te oher's 

et te of thu tudentfs laboratory b.il.ity. Thie gracie w given eque.l 

weight with ea.ch of' tho three laboratocy test cores. Thea four grade 

re av raged to male the la.ho tory grade , which counted thirty per cent 

of the course grade. 

The drop qu!zaes were s r1es of short, t et giv n t the beginning 

of th lecture periods without being pr viously announced. 'l'hese qubie• 

var· gr ed by the quiz-1 boratory instructor using a key furnish d by 

the director of th course,. and th grades recorded in the ster roll. 

A eory grade s compu ed by al.lowing the average of the drop quizzes 

qual weight with each of the three one-hour theory examination scoree. 

This aver ge made up fifty per eent of the course grad ,. 

The final examin tion oco'Ullted for the renlini.~g twenty per cent of 

·the cou se grade ,. Result of th cours grades re shown in Table XI., 

Table II 

Comparison of ttie Cours Grads in CheDlistry 114 

. an 
8t dard Devi tion 

a.nge 
llUllber of S\lbjeots 

t v lue ( ans) 
t value (si · s} 

Con·trol 
Grpu,p 

80. 8.3 
7.63 

4 97 
298 

0 . 30 
o.JJ+ 

Experimental 
GroJU2 

81.02 
7. 83 

4 97 
.303 

1.3 



n o '1ro J 

;.1 001 

It:. order or t e experl 

th stud nts were pr .-enrolle in Ch 

of th~ ori l eon .. rol 

orl . ~ · 1 exp ; J" "n. 

p•o p 

during the 

this SSS'~d ft" .ui 

for the tu,.:· -, f.:-il in ea~ of the · u.pn · 

Co..... t-1 

t val l 
t lu { 

T bbr 

64-.34 
.2() 

r "-97 
153 

rough t ta . 

1.84 
0 . 29 

lost , 

in Ch mi try lU 

d th· r"' lt , 

8).o.6 
6 .. o; 

70.-97-
55 

st~y 114 th fir t 

1 
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asurements1 

Second Semester 

DUring the s cond semester two one-hour laboratory examinations re 

used, and the A rican Chemical S ei ty Cooperativ General Chemi try Test, 

Form 19487 was given final examination. Otherwise the testing proirra.a 

was the same during the fir t se ste:r. 

Th laboratory gr de ..as oompute.d by the sa procedure a that 

the fir t seD3ster1 except that th grade computed :tro the 1 boratory 

report grades, short laboratory- test grades, and a teacher ' s ost te ot 

the student's laboratory ability was allol-red to count forty per cent. The 

two on - hour laboratory examinationti vere to account for the ining 

sixty per cent . This grade count d thirty per eent of the course arade . 

Ta.blea XI!I and nv show the eomparison of the tvo labor tory e......,..,~ 

at ions . 

Table XIII 

Comp rison of the First Le.bore.tory &am1.n tion in Chemistry 124 

an 
o'tandard Veviation 
~ ge 
umber of Subject 

t value lxeans) 
t value (sigmas) 

Control 
Gro:ap 

47.64 
9.90 

26-74 
153 

1. 86 
0. 06 

f:.Xper ntal 
Grau» 

45. 55 
9 .. 85 
6-65 
155 

7 This teat i prepared for college students jointly by th Coop rative 
T st Servie of' the American Council on Education and the rican Chemical 
Society through its Division of Chemical Education. For a detail d ccount 
of thi t stin ervic se Journal .2! ChemieaJ. Education , 25 (1948), 280- 82. 



Table XIV 

Co arison of the Second Laboratory Examination in Chelli. try 124 

an 
Standard Devi ation 
Range 
Number of ~bj ect 

t value ( ans) 
t value { sig111'1s) 

Co trol 
Group 

53.10 
12. 49 
17-76 
15J 

1.44 
0 .92 

l!xp r iaental 
Group 

51.08 
11.50 
13-76 
153 

Te.ble XV, XVI , and XVII show the comparison of th thre one-hour 

theory exam1n ·· tions. 

!able XV 

Comparison of the 1rat Theory Exe.min tion in Ch mtetry 124 

Mean 
Standard Deviation 
Range 
uaber of b"Ubjects 

t value ( an) 
t value ~si s) 

Control 
Group 

48.65 
14.10 
21 J 
153 

'l'able XVI 

2.12 
o.ss 

45 • .36 
13 15 
11- 77 

155 

Comp riaon o! the Second Theory F.xamination in Chemistry 124 

e 
Standard Devi tion 

g 
er of b'ubject 

t value ( an) 
t value (si a) 

Control 
Ciroup 

76. 59 
1).15 
.34- 100 
153 

Experimen 1 
Group 

?3.3.3 
12. 65 
.34- 98 
155 
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Table XVII 

Co rison of the Third Theory b.:XLU!:dna.tion in Chemistry 124 

Mean 
Standard Deviation 
Range 
Nuaber of subject 

t value { ~ans ) 
t value (sigmas) 

Control 
Group 

63.95 
16.25 
21-107 
15.3 

Experi nte.l 
Qrolll) 

64. 29 
14 .. 26 
33-103 
155 

Table XVIII showa the comparison of the l bor tory grades in Chemistry 

T ble XVIII 

Comparison of the bor tory Gr des in Ch mistry 124 

an 
Stll.ndArd Deviation 
Range 

um er of Subjects 

t value (means) 
t value (:Ji s) 

Control 
Gump 

;6.20 
11.90 
J0- 96 
153 

1.17 
J .47 

Experi tal 
Group 

57.61 
8.95 

34-79 
154 

table XIX show the comp rison of the final · xamina.tion grad s .. 

T bl XIX 

Comparison of the li'inal .Exam:ln tion Grades in Chemistry 124 

an 
Standard Deviation 

t value (meane) 
t value (sigma} 

Control 
Groy,p 

40.47 
19 .. .3 
1-110 
153 

1.97 
1 • .34 

36.34 
17 .,l.O 
4- 84 
154 

17 



abl XX shows the compari on of the course grade in Cheaistry 124. 

Ta.bl XX 

Comparison of the Course Grades in Chemistry 124 

Piesn 
Standard Deviation 

ges 
NUllb r of &'ubjects 

t value (means) 
t value (sigmas) 

Control 
Group 

81.S5 
S. JJ 

53-97 
15.3 

1. 39 
2.80 

rimental 
GrQY,p 

&:> .66 
6. 63 

62-96 
154 

18 
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Que tionn ir n L boratory · thoda 

o tudy o this d wotll.d be complete unless so consideration 

given to e ttitudes and opinions of the 1natru.etors 'Who hav worked with 

the tvo methods simultaneously. 

ln order to retermine some of tne attituder:. and opinions of the instruc-

tor, short questionnaire (Exhibit III) vas prep red, listing ten proposi-

tions pertaining to the two thods of teaching laboratory. At the clos of 

ch se ster, the instru.ctore were asked to check the questionnaire . 

total of sixteen questionn ires were cheek , nine the first se .,.ster, and 

ven the second se ter. The proposition and results of the questionn ire 

a shown in T ble m. 
Table XII 

Results or the Questionnaire on Lo,boratg;r;:y Metbodf 

l . Working in groups s for a re orderly 
l bor tory c1 s because the t bles are not 
8 ero\4ded. 11 

2. Vor. ing in group causes too meh "bick ring" 
and "ill feelings" in the laboratory. O 

J . I find it quit. difficult to pr vent con­
rs tion or exchange of info tion other-

wi e, in th individual laboratory classes .. 7 
4. In el sses the students se to prefer 

to work in groups. 13 
5. Most tudents working in groups finish the 

expari nts c.arli r than the ones wrking 
~M. 9 

6. The tudents enjoy working alone more than 
th y do workin in groups . 0 

7. The stud nt a bett r under tanding of 
what is being taught by the experiment hen 
h (or ahe) p rfor the xperiment with 

other student. 10 
S. I believe th conversation between the to 

tudents in each group dd to their under-
standing of th exp riment. 13 

9. Th laboratory class s are quieter and re 
busine s like men the student vork indivi-
dually. 5 

10. In the future I prefer having students 
orking individu lly 1n the 1 bor&to:ry.. 1 

No 

1 

15 

7 

Q 

1 

ll 

4 

0 

5 

6 

No 
Preference 

4 

1 

2 

; 

5 

2 

6 

9 



the re ult 0£ th questionnair ahow that: 

(1) th 1 boratory instructors feel that the conv rsation tween the 

two Jtudents (Proposition ) is ben ficial in helping the etuaente to under­

sta: d wile,t is bei g t :ught by th xperuaent . But in Proposition 7 there 

w s slightly less gree t th.a. th at ent und rstood the experla:mt 

better by ring with another student. 

(2) The l abor tory inetru.ctors felt the.t students prefer.red to work 

in up {Proposition 4). This opinion was verified, althou h not unani­

lOOusly, in .Propositi on 6 .. 

(3) •the laboratory was 11Dre orderly due to the t bles being less 

crowded" rked Ye by a jority of the instructors \f)roposition 1), 

but 1n Proposition 9 hey wel'9 evenly divided between th three responaes . 

However in ~roposition 9 only five instruetors said the indhidual 

labo to17 was quieter d mor business like. 

{4) Th~re was 11 tle bickering or 111 feelings between the students in 

grou s (Proposition 2). There seem to be 1mre disagreement during the 

second e eet.r between th of the various groups . tto, ver, this 

is no eho .TJ. 1n th eo ined ble,. 

(5) fibre work miGht be covered in the labor tory classes by using the 

group-of- two m thod. Only one in tructor check d ,E2 on Proposition 5. One 

inatr1.1ctor f U d to r1'. n r 5. 

t6) Tha instructor ... u,nded. to favor the group-of-to method for their 

ft re classes \Yroposition 10) . 

20 
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Conelusionst 

All the evidence indicates that th eq ting of the groups during the 

first se et r wa v cy offecti e .. )!;a.ch of the schools represented furnished 

a re son bly equiv ent nUJlber ot students to each group . Tb distribution 

of tudents by els. ses .ras even more striking. 'fable I ho i that the cont rol 

u: cont ined 281 freshmen and 54 ophomore while the experi mntal group 

.contained 292 £re n and 47 ophomoi--es . the numbe~ o subject lost from 

the oxperi ent, ~ ble II, fro ea.ch o he tvo groups was practically equal. 

Not-all of th Amel can Council on Education P yehologica.l ~ation score 

were available, but an equivalent number s found for eaoh group and Table 

III shows that th scores were very nearly equivalent. Th Jat in '!',tble 

IV to X inclusiv-e, attests to this equtvale ce .. 

The equating of the groups for the second seinest r was not as effective. 

c~ rison of the course grade of all the students ~ho co leted CheJ!tl. tr.1 

114 ( able XI) and the same grades for those student ... "1ho wex·e in the tJxperi­

t during the second semester ('.l'able .UI) shows that more students with 

l ades drop ed fro the control group than were l.ost f rom the experi-

ntal group. The man of the control group., s incres.sed by 3. 51 polnta 

while th mean for the experiEnta.l group shows un increase o_-:· 2. 04, ghring 

diff rence 1n ga.in of 1.47 1n favor of the control group .. The "t" v tlue 

for th an in 'fable .( was 1.84. When this ttt" v lu is co red with 

the •tn value tor the L"lS in Ta.bl a XIII, XIV, · , XVI , end. XIX, which 

a l . <!6, 1.44, 2.12, ;.; . 23, and 1 . 97, r opeetively, in favo,l" of the control 

up no st tistically significant differences are found between the two 

group • Taki this trend into · on ideration, it could be ass · d that 

these groups set ective, fr the p os at h!Uld, though they 

wire actually Bk)r nearly quivalent .. Although these trends and di ferencea 
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during the second semester a.re interesting, they ar not tatistically 

aignificant a.· he one pe cent level. 

There as no st tistica.lly significruit dif!ere ce found beV'een the 

t o athoda of teachin .first year colle;;e chemistry labor·atory rit Okl oma 

A. · ,;. t • Col. g LYjsof;:1r as these mea.surements were concerned .. 

It will be not din Table XVIII, which ic ma.de up from. the dat- in 

'.:i.tle XIII nd V averaged with the L~bo.r'- ·o y grade, 7 that the instructors 

f vored the grouped Cldsoes in assigning laboratory grades. he s-~e tenden-

cy wae shown in checking the questionn ire at the close o et:i.ch ~eine ter. 

ccordin to the results of the questionnaire, the instru.ators favored the 

group- f-{,Wo thod and indicated that their stu ·ents preferred t o ork in 

roups . There :...s little evidence to indicate th t $tud&nts cannot work 

together agreeably since no ore than five or six pairs ere separated due 

to di .., gree.-nents during the study The majority of these cases occured at 

1.he beginning of the second semester. 

By working in groups of two, the student& had or room set up tlleir 

pparatus . A tu.al ch ck of their observations en led th to obtain 

bet e 1· results. There w• little doubt t,ha.t the conversation b t een the 

two tudenta 1n e eh group ·as of value in helping the student to :und rstand 

i.he ork at hand It has always been p!\ ctical.J.y possible t o prev nt 

"grouping" a.nd lftsJ.k.ing" in la.rg labor t .,ry classes under cro,w.ied c diti n , 

but it w s pos ible to confine the convers tion to the groups in the 

7 The instmotors co put d th fin labor tory gr de l rom the sho ,~t 
l boT t ~ry tea ts~ th laboratory report grade, and the teacher's est ate 
of the student's l bora.t ry ability, ecording to th instructions from the 
director of' the eou. se, but were r'3quL·ed to record only the final labor -
tory verage in the aster roll . Th refore there i .. no record of the 

ndivi,11.al grades th t went to · e up this l boratory average. 
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group-of-tvo thod ~ Since the instructor ,.._'Orked with two s-tudents t a 

time he could eover th laboratory more frequently thus terially increasing 

the student-teacher contact . 

'fhe grou of- two thod y favor the "l bora'tory p re.site" or it might 

haaper the good student by pairing him with a slow' student. As to the to r, 

the instructor mst continuously be on guard against the "laboratory parasite• 

by either method. The latter might not be so erious, since by explaining 

the more co licated p rts of tho work to the lower student, the brighter 

student might grasp a better understanding himself. 

torcroo accom:rtin ws somowh :t aomplice.ted by the grou of- two 

method since it was necessary t tech of the two tudente sigr.i A.11 

1aboratory c rds and equipment slips. This could be overco by adapting 

the storeroom accountin ey tem to this thod . Th group-of - two thod i 

mre economical as to laboratory lockers . ce, ehamicals , a11d equipment. 

It was a · ed., by everyon concemed, that pencil and paper tests 

probably are not the ultiuate mea · of laboratory t echniques or abilitie:1 .. 

No vork of this kind will be completely satisfactory until 1 boratory 

performance test 1s devised that will measure l abo tory tecJ:miques snd 

abilities , and ean be administered to a laboratory class by a laboratory 

8 instructor in a given laboratory period. 

So long as the situation at Oklahoma A .. and M. Colleg "WU"ranta 

crowded laboratorie with large classes and as ll t chinf st.af.f, the 

grou.p-of- two method vould be prefe ble. 

8 c • .H. Boeck. "A Practical Examination of 8kUle and techniques 
Acquired in Freshlllan Chezrrl.stry. 11 8cienc F.ducation , 31;5 (.December, 1947), 
320-324. 



No statistically signifies.nt differences ~"ere fqund bet~ en the two 

methods insofar as thes m.,3asurements were concerned • .Accordin to a. 

questionnaire checked by the instru.ctors, the students and te ehere eelled 

to pr,;ifer the group-of-two a;thod. The group-of-two method i more conOJ».i.cal. 

als to labors:~ory locker space> chem:i.ctl , and equip1tent .. 

Further work might be carried out to answr suoh G.uestions 1u 

1. l:$hould student be paired a.ecording to e.bili'ty'? 

2 .. What are the Advantage or 1sadvantages of strong students being pai 

with "6a.ker students (a) s to the atro.ng atud-ent, (b) s to the aker 

stud nt·r 

J. Can more work be covered in the srune lent,"th of tjw,e by us:tr~g the , oup­

of-tvo method? 

4. ln:i.at is he tl"Jl.Xillllllll l:llld r.rl.nillUJI number of' students per class in the 

group-of- two niethod? 

5 .. .ttow mch is saved in terms of chemic ls snd apparatus by the grou of-t 

method1 
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APPENDIX 



Second L~b ~xam. Cl24 Spring 1948 Page 3 

Figure 2 represents the set up used in the laboratory to roast cinnabar, study the 
drawing and answer questions 15 to 17. 

15. In Figure 2 the apparatus represented at: 
(1) Bis a 500 ml. distilling flask. 
(2) Dis a 100 mm. pyrex test tube. 
(3) His a 50 ml. flask. 
(4) Fis a rubber jointed glass delivery tube. 
( 5) B is a ,500 ml. Florence flask. 

A C 

16. Flask B was: 
(1) filled with S02 at the beginning of the 

experiment. 
(2) F'illed with water at the beginning of 

the experiment. Figure 2 
(3.) filled with water at the end of the experiment. 
(4) filled with air at the beginning of the experiment. 
(5) filled with air at the end of the experiment. 

17. Which of the following are correct? 
(1) Flask H contained an acid solution at the end of the experiment. 
(2) Cinnabar was strongly heated in D. 
(3) Free mercury collected in the cooler parts of D. 
(4) Flask H was tightly stoppered to prevent gases from escaping. 
(5) A micro flame was used to heat D. 

G 

H 

18. Which of the following might be used to shift the point of equilibrium in any 
equilibrium reactfon? 
(1) the formation of a complex ion. 
(2) the formation of a slightly j.onized product. 
(3) a reduction of the concentration of one of the reactants. 
(4) the addition of a positive catalyst. 
(5) the addition of a common ion. 

19. Which of the following salt solutions will change red litmus to blue? 
(1) NaCl (2) Na2S04 (J) NH4Cl (4) NaC 2H302 (5) (NH4)2SU4 

20. Free carbon may be formed: 
(1) when sugar is heated moderately with a flame. 
(2) when sulfuric acid is added to sugar or starch. 
(3) by heating calcium carbonate ( CaC0 3 ) 

(4) by holding a cold porcelain dish in a luminous bunsen burner flame. 
( 5) by heating copper oxide vvi th charcoal. 

21. A solution with a pH of four is: 
(1) a basic solution. 
(2) more acid than a solution with a pH of six. 
(3) more basic than a solution with a pH of two. 
(4) basic to phenolphthalein. 
(5) red in litmus. 

22. Which of the following will be hydrolized in water solution? 
(1) a salt formed from a strong base and a weak acid. 
(2) a salt formed by the neutralization of a strong acid by a strong base. 
(3) a salt of a weak base and a strong acid. 
(4) sodium chloride (NaCl) 
(5) Ammonium nitrate (~H4N03) 



Third Hour Exam. Cl.24 Spring 1948 

9. Calcium carbonate is used commercially in: 
(1) production of quick lime. 

10. 

(2) softening hard water. 
(3) the manufacture of portland cement. 

A solution of a metal 
(1) quicksilver 
(2) monel metal 

in mer'cury is: 
(3) an amalgam 

(4) the making of glass. 
(5) none of these. 

(4) calomel 
(5) hydroargentium 

11. Sodium cyanide (NaCN) is used in the metallurgy of: 
(1) Na (2) Ag (3) Sn (4) Zn (5) Au 

Page 2 

12. Referring to the activity chart of the metals, which of the following will be 
reduced by Sn, but not by Hg1 

(1) Al (2) Zn (3) K (4) Sb ( 5) Ag 

13. An alloy: 
(1) is a heterogeneous mixture. 
(2) is a solid solution. 
(3) is an amphoteric compound. 

(4) may contain mercury as one constituent. 
(5) is an ore of gold. 

]4. The principal ingredients of permanent hard water are: 
(1) NaCl (2) CaS04 (3) CaHC03 (4) MgS04 

Five common metals are arranged in the order of their activity, the most active at 
the top, the least at the bo-ttorn. Use this list in answering questions 15-21. 

(1) Ba (2) Mg (3) Zn (4) Cu (5) Ag 

15. Which will be the most likely to occur free in nature? 

16. Which forms the most stable compounds? 

17. Which can be used to obtain free zinc from ZnC12? 

18. Which metal along with Zn when used to form the electrodes in a simple cell will 
produce the highest voltage--Zn to be used as the negative pole1 

19. Which two metals are the most valuable to man? 

20. Which metal is commonly used to coat other metals to protect them from air1 

21. Which metal was a development of the search for better aircraft? 

22. Copper: 
(1) occurs in both free state and in compounds. 
(2) deposits on the positive electrode in electrolysis of solutions of copper salts. 
(3) hydroxide is insoluble in water, but dissolves in an excess of NH40H solution. 
(4) salts of cupric copper are colorless in water solution. 
(5) compounds are poisonous. 

23. Silver: 
(1) becomes coated with a black color when exposed to compounds of sulfur. 
(2) is soluble in hydrochloric acid. 
(3) bromide is decomposed by sunlight. 
(4) nitrate is sometimes called "lunar caustic". 
(5) is a poor conductor of heat because of its heavy weight. 



CHEMIS'I'RY 114 
Questionnaire on Laboratory Methods bit Ill 

During this semester the students .in some of your laboratory classes worked in 
groups of two while in other classes they worked individually. 

Relying on your own ideas and opinions check the following: 
(This will have no bearing on your future assignments.) 

1. Working in groups makes for a more orderly 
laboratory class because the tables are not 
so crowded. 

2 ~ Workinf in groups causes too much 11 bickering11 

and II ill feelings't in the laboratory. 

3. I find it quite difficult to prevent con• 
versation or exchange of information other­
wise, in the individual laboratory class-es. 

4. In my classes the students seemed to prefer 
to work in groups. 

5. Most students working in groups finish the 
experiments earlier than the ones work~ng 
alone. 

6. The students enjoy working alone more than 
they do working in groups, 

7. The student has a better understanding of 
what is being taught by the experiment when 
he (or she) performs the experiment with 
another student. 

8. I believe the conversation between the two 
students in eacµ group adds to their under­
standing of the experiment. 

9. The laboratory classes are quieter and more 
business like when the students work indivi­
dually. 

10. In the future I prefer having my students 
working individually in the laboratory. 

No 
}?reference 

JOR/mr 
Cll4 
C 50 + 
1-28-48 
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