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An ixperimental Study to Determine the Relstive Effectiveness of Iwo Methods

of Teaching First Yesr College Chemistry Laboratory

froblems

Oklshoma foricultural and Mechanicsl Collsge, like meny other colicgloie
institutions throughout the cound ry; was facing unumerous complicated and
neceasary adjustwents, due to the increased enrollment, In the Chemistry
Department these complications were the most acute at the freshmsn chemigtry
lavel, and particaularly in ths laborzatory portion of these courses.

the situation was made more &ecle due to the lnabllity of securing
adesnate teaching help, sufficlent suprlics of chemicals and appoveius, and
providing laeborstory desks and locker space. The Chemistry vepartment tried
asgigning the esme leborstory locker and eguipmsat to seversl stadents, te be
used at different times during the week, with s fixed breoskege fee pald by
each student. Sunch an srrangement led to dissstisfaction, inefficlency, mnd
wenton wanbe,

In order to geek & solution to some of those problems, & two-semeatss
experimental study was inaugurated during the fall semcster ﬁf 1547748, ‘fhe
purpose of this etudy was to evaluate two methods of teaching first year
collsge chemistry lshorutory.

The gquestions we desired to have ansvered weres
1. ¥hat are the relative adventages or dissdvantages of ptudents vorking in
groups of two in the lzborstory as compaved to ;ﬁﬁxv1€151 laboratory vork,
vhen measured by pencil and paper teste?

Zo What ars the reacticns of the inghtrucitors toward the two methods as

detormined by a questionnaire checkod by the Instructors at the elome of

ey

each semegber?



Bubjects:

Six hundred and seventy-four Oklahoma A. and M. College freshmen and
sophomore students, who had reglstered for Chemistry 11/, were selected as
the subjects for the experiment. The subjects were divided into five
lecture sections and thirty-three quiz-laboratory classes, and were taught
by thres lecturers, four laboratory instructorsl, and six graduate assist-
ants.

Toward the close of the first semester the students were pre-enrolled
in Chemistry 124, and 312 of them served as the subjects for the second
semester. The subjects during the second semester were assigned to five
lecture sections and twenty quiz-laboratory classes, They were taught by
three lecturers, four laboratory instructors, and five graduate assistants.
A1l of the instructors and graduate assistants had a Bachelors Degree in

Chemlistry or its equivalent.

Parallel Method and Fouating of Groups
First Semester

It wes desirable to obtain from these students two approximstely
equal groups, the number of students per group being sufficiently large
80 as to have statistical significance. The groups received identical
treatment throughout the course, with the exception of the manner of their
laboratory work.

Sixteen of the classes, consisting of 335 students, were designated as
individual classes to serve as the control group. The students in this

group were to do their laboratory work by the conventional method, Kach

1 Most of the instructors taught classes for other courses during the
first and second semester in addition of these experimental classes.



student was to use an individual laboratory locker and equipment to perform
the experiments. The remsmining 17 classes, consisting of 339 students, were
designated as grouped clusses to serve as the experimental group. The
students in this group were to do exactly the same laboratory work as the
students in the individual classes, but were to work in groups of two.

These two students were to use one laboratory locker and one set of apparatus,
to perform the experiments,

Four beginning courses in freshmen chemistry are offered at Oklahoma A.
and M. College, three of which are parallel courses designed for stuients
who have had no previous high school chemistry training. Of the three
parallel chemistry courses, the one designated as Chemistry 134 and 144 is
offered for students of Agriculture; another, designated as Chemlistry 113
and 123, is offered for students enrolled in the School of Home Keconomicsj
and the third, designated as Chemistry 114 and 124, is the traditional
course, and is offered to students in the School of Engineering, students
of Agriculture who plan to study veterinary medicine, pre-medical, pre-
nursing, and sclence majors from the School of Arts and delences, and
Fducation students who plan to teach science courses in high schools., The
fourth course 1s a one semester course for students who have had high school
chemistry, and who make a sufficiently high score on a Chemistry Placement
Test, Therefore, it is reasonable to assume that students enrolling in
Chemistry 11/ were a select group, and should be about equal in ability
and desire to succeed.

The students in both the control group and the experimental group were
selected at random from the original group of students who had registered
for Chemistry 11.. Each group consisted of those students who, in enrolling,
had scheduled thoir laboratory classes on fixed half-days of the week.
Therefore the groups should be equivalent.



‘The teacher variable wes roduced by essigaing every quiz-laboratory
instructor to an egual pumber of glasses from each of the two groups when-
ever possible,  The tims of day varisble was alim’igmﬁé«:d by assigning en
sgund numbsr ol classes from the two groups to the moraing, aiiemnoon, or
evening laboratory sesslons, but ln any Ishorabtory session the elasces

vare all from one or the other of the groups. Tabls I shows the augber of

shudents from each school represented in the experiment.

Humber of Stulsnts From Each School in Chemistry 114

Control Group vxperimental Sroup
Yroshwen . Soshomore Franh Eonho
fnglncering 153 30 156 20
rlealbure T3 5 56 3
50 18 38 14,
1 O 1 2
5 L o] 2
Home Tconomiocs i {3 1 0
TUTALE 281 54, 292 L7

Many of the subjecte weres lost from the cxperiment during the first
semester, ‘Pueble II shows the number of students lost and their finel
disposition,

Table II.

Humber of Studsents Lost From Chemistry 114

Control  pPuperimental
o BB O . liroup —Toun

Honorable bilscharge
Incomplats Grades
Withdrew with Foiling Gredes
Sait ¥ithout Legal Withdrawal
aial, 10bs
Potal Completling the Course

Ny
%
i \ad

O~ I B P
Pt

2
G
Y
L3 0s




In order to have Some check on the effectivensss of this procedure for
aeguating the groups, after the semseter was underway, the sceves msde on
b Amorican Council on Zducation Psychological Fxemineltion, which is given
to all emtaring Treshmen and new students at Oklshoms 4. and M. College,
wore tabalated. ‘The vesulis are shown in Tsble III, These messures attesd

4] apgréximate eguivalents in the initlsl obility of the two proups.

Table L[IT

Comparison of Amsriecan Couneil on Education ?Eychol@glcal Ixamination

Heores
Control sxperimental
roup Lroup
Mean 9959 100.06
Stendard Doviation 23433 25456
Range 31172 51-155
Hamber of Subjects . 281 285
%2 value (meens)’ ' D.22
% walue (sigmas)é 1.72

?‘@\

.

Ee A, Flsher, The Design of Ixperiments, pp. 15-1&, 38-43,
In this study the ®t valus® dppfﬂ»iﬁ&t@lj‘“’ﬂ&ls the eritical ratio,
which 1@ defined as the difference betveen two memsures divided by

the standard error of the difference behween two measures and indicates
“%Ltuer the diffefence between the two measures is o renl difference or
the vesult of chance fluctustion in random sampling.

) _
7 Harry E. Garrett, mtatistics in Povehology and Education,
Ppe 198-200,

4

Irid, pp. 215-216.

W



Zraccdure:
Plret Somester
The students in euch group were assisned to the lsborebory lockewrs in

zlphabeticsl order. The students in the individuwnl slessces were esch

sselmed apn individual lehorsiory locker with o complete set of apparatus

S

snd eouipment. The students in the grouped to the

leboratory in sroups of two, that is, two sbuden were essismad & jolnt
3 5 ~ ) I 3 ' 2 ;. ‘:A
lshoratory locker wilh one complete set of apearatus and eguipment.-

Lt the initial meeting of the lab nhe were lasusd

keys for theiy locker: and imgtructe ~rabus pad

equlzment to gee that 1t wes

complete, or to mske 1% complete from the

shtocke 1n the storsroom, Iueh shtudent of a group was issued & koy 4o

the joint laboratory locker and cooperated with his partaer in checking
the apparatus snd equipment. The sroupsd studenis were told: that theg

‘

would bte Jointly held responsible for all

&

to work oub all

e aud loss problema, or tu appesl to the

&,‘hicb they failed

welr intercst to diccontinue a pavytnership, 1t
could be sceomplished with little effort or trouble,

Lt the initisl meeting of the lsboratory, an seccount in the store-
room wis opened Tor ssch of the secudents in the individual classes, and
e joint secount was opened for the students in ﬂch pair iﬁ the prouped
elzssos. The agcounte were eradited for cne dollar per student

A

the students poid at the time they paid thelr genersld o

cemeeter, apparstus end materials chiecked oul by the

!

WELE

chavged Lo these accounts,

2 Tn either of the two methods only four gbuwdents were
alde of the lzborutory tables.

m
£
i



At the close of the semester, laboratory assistants checked the apparatus
in each locker and the students were required to replace all lost or
damaged equipment, Then the accounts were balanced and the students were
required to pay the difference in cash when their breakage and loss exceeded
one dollar per student. When paired students checked out apparatus from the
storeroom each member was required to sign a check-cut slip. At the close
of the semester, or when the partnership was dissolved, each member was
charged his share and could close his account independently of his partner.

Since it was the aim of this study to have a single variable, it was
assumed that the weekly program of the students, consisting of two 50-
minute lecture periods, one 50-minute quiz period, md & three hour labora-
tory perloed, was equivalent with the exception of the stated variable.

A1) the students taking Chemistry 114 and 124 at Oklahoma A. and M,
College used as a text book College Chemistry by Hermasn T. Briscoe,
Houghton Mifflin Company, New York, 1945, in which assignments were
usually made two days per week, and a laboratory menusl, Semimicro
Leboratory Ixercises in (enersl Chemistry by Burrows, Arthur, and Smith,
Macmillan Company, New York, 1946.

buring the two lecture periods each week, three lecturers, lecturing
to five classes of over one hundred students each, introduced all new
material, For quiz and laboratory work the students were organized in
sections consisting of not more than twenty-four students. |

In order to give unity to the work, each student and instructor wss
furmmished a complete syllabus of the courses, The lecturers carefully
followed the material as it was presented in the syllabus,

The quiz sections were designed to allow the student self-expression

and were relatively informal as compared to the lectures. bDuring the



quiz sessions the instructors carefully followsd the syllabus, and triecd to
elear up 81l individesl difficulties and misunderstandings.

In the lsboratory, the students were askéd to follow the instrastions
as given in the laboratory manusl. The laborstory menual consisted of
oxercizes in which wérﬂ listed: specific apparatus aad materisls, pro-
aratory questions, proecedure throughout which observations were numbered,
and interpretations. The luboratory exercize %o be perfovmed was ussigned
the previous week, and cach student was expecited to heve answered the
preparatory questions, and to have in mind the general nsture of the work te
be done.

At the beginning'ef the laboratory peried, the instruetor inspocted
each 3tu£eat's lahoratory m&nualé and preparatory guestions, snd initieled
the exerclse indiecating that the student waz ready to start the laloretery
works ‘The exercises wereshort enowgh for zil the ﬁtﬁaeats to finlsh the
procedure and obgervations during the laboratory period.

The procedurs in the exercises was inclusive enough Tor the students
to be able bto perform the exercise with litile assistance from the
instructors. %Yhe nrocedures wes followved precisely ualess & chenge was
mavoldable due to a shortage of equipment or moterdals. In such cases the
laborstory instruetors wore told by the laboratory coordinator whet @haﬁgea
to maize. Thms the changes were m&éﬂ‘uaiformly. Ttha students racorded theip
observations on & separate peper as they werc mede, and at the coneclusion of

e procedure, they wrote In the interpretations in the spece provided in
the laboratory manusl, This was done In the laboratory only when time

permitted, otherwise they were completed beforc the next lsborateory poriod.

& The inspection of the lsboratory manual comslsied of cheeking Yo zee
thet the student had completed the provious exerclse, snd had not attempired
to write in the interpretations of the assigned exorcise. '



Puring the laborstory period the instruetor moved continuously about .
the laworatory, asking such questions as wuld deiermine whether the
shudents understood the purpose of each part of the &pparatus s sad i they
» Interpreting the resulig corvectl In csses vwhere the stulents did
not wnderstand, they ware asked such questions as would lead them to think
the problewm out for themselves. Helpful sugpestions on egquipment and
laboratory technicue were glven whenover necesssry. In the grouped closses
the iastructors treated each pair as mn individual, and all questlons snd
suzgestions were dlvected at both members of the palr, and na*c,» at any specific
mether. Tho membars of each paly were encouraged to discuss the work at hand

anf to ghare in a1l the sobivibties.

Moasuremsmbss
Pirst temester

Three Inter-semestor one hour objoctive~type laboratory examinations »
thveo in‘&erasémzasta: one bour objective-typo theory examinations, and &
fingl czamination were used as the mmjor measuremsats duriag the fivet
semester. The leboratory examinetions (Uxhibit 1) consisted of sbout
forty malilple f,:’umi.g@ questions of five parte seeh, any pumber of »hich
wight be | corroet. The questions, which were furnished by the ingtractors,
wera 9 construcied as to abitempt to measure la‘i:oratéry knovladge or
infTormation only. & nushey of drawings and illus‘bfatiéns ware wed to

the l%b_um@ﬁr situations clearly into mind. The laboratory exaii-

astions were administored durdng the quiz perlod, scored by the instructors,
mnd the scoves recorded in the master roll, whick was kept in the centrel

office. The results of theso oxominstions are shown in Tables IV, ¥, and VI.
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Pable IV

Comparigon.of the First Leboratory Examinetion in Chemlgtry 174

Control rxperimental
Gxroup Group
pMean | 4145 £De56
Standard Seviation - : - 10,08 : 10,85
Pangs 5% 659
Fumber of Subjects , 287 B 304
t value (mosns) o A
% value (2igmas) 1.31

Pable ¥

Sdﬁparisoﬂ of the Second Laboratory Examinstion in Chemistry 114

Control Experimental
Group Groun
Mean 38.49 39.5
Shandard pDeviation 13.75 12,90
Range O=T7 665
Number of Subjects 296 304,
t value (means) 0.94
t value {sigmes) 1,10

Table VI

Comparison of the Third Laboratory Ezamination in Chemistry 114

Goatrol Ixperimental
Group Group
Moan 58456 58,52
standard peviation 10.82 1l.12
fange 15-20 1i-85
293 300

Humber of Bubjecis

+ value {(mesns)
t value {sigmes)

Ge04

U&7
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The theory examinations (Ixhibit II’)", congisting of about forty
miltiple choice questions of five parits sach, wore written by the direetor
of the course in cooperabtion with the othar ‘l@c%ufer « These examinations
wore adminlstered durlng the regular theory pefimd. Fach guiz-laborstory
instructor seoved hig students' papers, and recorded the scores in the
magter roll. The results of these examinations &re shown in Tables VLI,

VIIL, =ed IX.

Table VII

Comparison of the First Theory Examination In Chemistry 114

Control Experimental
Broup.. Zroup
Mean 69,468 69,80
standard Beﬁﬂvm 12:@5 13;79
Renge 232 24Tl
Number of Subjects 297 305
t valus »(mfea,ns) B.81
t value (eigmes) 1.09

Table VIIT

compariscm of the Second ’I‘h@@rg Exapination in Chemigtry 114

Cem trol hxpsarinenwl
lxoup Group
Mean k 57,12 ‘ 56,88
Stundard Devietion 17.15 16,80
Range 12-98 £5-95
Humber of Bubjeets 247 302
+ valus (_meamsj 0,17

t velue {sigmas) 025



Pable IX

Comparison of the Third Theory ¥

KR
1%
s iy

rer mzx u@l

&fauﬂ

Mean 54,86

ﬁtan;&r& Devistlon 1494

; 16=95
94

The Pinal axepination wag & two hour

diveetor of the course, on the sane basis az the

% was sdministered during the vegalasrly sch

period, zcored by the guiz-laboratory instruectors,

recoried in the magher roll. 7The results of

1,

Table X
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snd the |

the ficsl exswinetion

Teaninstion in Chemisotry 114

mdnation written by the

£

&

Conbrol
Group

Mogn &Y f 8
Standard Deviation 14,63
Tenge 2195

Humber of Subjects 298

t walue (mesns)
value leigmas)
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short quiz over the work of the previous week, The instructors enjoyed a
fair degree of freedom in this respect, but understood that they were to
do one or the other about eight times during the semester.

A laboratory grade was computed by allowing equal weight for the
lsboratory report grades, the short laboratory test grades, snd & teacher's
estimate of the student's laboratory ability. This grade was given equal
weight with each of the three laboratory test scores. These four grades
were averaged to make the laboratory grade, which counted thirty per cent
of the course grade.

The drop quizzes were a series of short tests given at the beginning
of the lecture periods without being previously announced. These quizzes
were graded by the qulz-laboratory instructors using a key furnished by
the director of the course, and the grades recorded in the master roll,

A theory grade was computed by allowing the average of the drop quiszzes
equal weight with each of the three one~hour theory examination scores.
This average made up fifty per cent of the course grade.

The final examination accounted for the remsining twenty por cent of

the course grade. Results of the course grades are shown in Table XI.
Table XI
Mmofﬁocouru&r&dumchodntnm

Control Experimental
Croup Group
Mean ' 80,83 £1.02
Standard Deviation 7.63 7.83
Range 49=97 49-97
Humber of Subjects 298 303
t value (means) 0.30

t value (sigmes) 0.44

13



Fquating of Groups:
tecond Semester

In order for the experiment to continue through the second semsster,
the gtudents were pre-enrolled in Chemistry 124. OUne hundred fifty-seven
of the original conirol group studente were sssigned to the new control
group, snd 159 of the original experimeatal group students were assigned
to the new experimental group, Four students from each group were lost
from the experiment during the second semester. :

SBince these groups were ulaetedntrmdnfrmtye two corresponding
groups of the first semester, it was assumed that they would be equivalent.
Az a check on this sssumed equivalence, the course grades in Chemisiry 114
fortlpcshﬂmu in each of the groups were tabulated and the results are
shown in Table XIIL.

Table XLL
Comparison of the Course Grades in Chemistry 114

Control Experimental
Groug. Group
Moan “034 83.66
Standard Deviation 620 6405
Lange 6897 TO-97
Humber of Students 153 155
t value (means) 1.84
t value (sigmas) 0429

Procedure:
Second Semester
Since Chemistry 124 18 & contimuation of Chemistyry 114 the first
semeater procedure was followed during the second semester.
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Measurementss
Second Semester

During the second semester two one-hour laboratory examinations were
used, and the American Chemical Soeciety Cooperative General Chemistry Test,
Form 19487 was given as a final examination. Otherwise the testing program
was the same as during the first semester.

The laboratory grade was computed by the same procedure as that used
the {irst semester, except that the grade computed from the laboratory
report grades, short laboratory test grades, and a teacher's estimate of
the student's laboratory ability was allowed to count forty per ceat. The
two one-hour laboratory examinations were to account for the remaining
sixty per cent. This grade counted thirty per cent of the course grade.

| Tables XIII and XIV show the comparison of the two laboratory examin-
ations.
Table XIII
Comparison of the First Leboretory ixamination in Chemistry 124

Control Experimental
Group Croup
Mean 47.64 45455
Standerd Deviation 92.90 9.85
Range 2674 665
Number of Subjects 153 155
t value (means) 1.8
t value (sigmas) 0.06

¥ This test is prepared for college students jointly by the Cooperative
Test Service of the American Council on Education and the American Chemical
Soeiety through ite Division of Chemical Fducation. For a detailed account
of this testing service see Journal of Chemical Education, 25 (1948), 280-82,
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Table XIV
Comparison of the Second Laboratory Examination in Chemistry 124

Control Experimental
Group Croup
Mean 53.10 51.08
Standard Deviation 12.49 11,50
Range 17-76 13-76
Number of Subjects 153 153
t value (means) Lledd
t value (sigmas) 0.92

Tables XV, XVI, and XVII show the comparlson of the three one-hour
theory examinations,
Table XV
Comparison of the First Theory Examinstion in Chemistry 124

Control Experimental
Group Group
Mean 48,65 45436
Standard Deviation 14.10 13.15
Fenge 21-83 1177
Number of Subjects 153 155
t value (means) 2.12
t value (sigmas) 0.88
Table XVI

Comparison of the Second Theory Fxamination in Chemistry 124

Control Experimental
Group Croup
Mean 76.59 73433
Standard Peviation 13.15 12.65
Range 34~100 34-98
Number of Subjects 153 155
t value (means) 2.23

t value (sigmss) 0.50
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Table XVII
Comparison of the Third Theory fxamination in Chemistry 124

Control Experimental
Group Croup
Mean 63095 &-”
Standard Deviation 16.25 14.26
Range 21-107 33-103
Number of Subjects 153 155
4t value (msans) 0.0
t value (sigmas) 1.62

Table XVIIL shows the compariscon of the laboretory grades in Chemistry

Table XVIIX
Comparison of the Laboratory Grades in Chemistry 124

Control Experimental
Group Group
Mean 56420 57.61
Standard Deviation 11,90 8,95
Renge 30-96 34=79
Number of Subjects 153 154
t value (msans) 1.17
t value (sigmas) 3.47

Table XIX shows the comparison of the final examination grades.
Table XIX
Comparison of the Final Examination Crades in Chemistry 124

Control kExperimental
Group Group
Mean 4047 36.34
Standard Devietion 19.39 17.40
Range 1-110 484
Number of Subjects 153 154
t value (means) 1.97

t value (sigmas) 1.34



Table XX shows the comparison of the course grade in Chemistry 124,

Table XX
Comparison of the Course Grades in Chemistry 124
Control Experimental
Group. Group
Mean 81,85 80.66
Standard Deviation 8.33 6.63
Ranges 53-97 62-96
Number of Subjects 153 154
t value (means) 1.39

t value (sigmas) 2.80
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Questionnaire on Laboratory Methods

No study of this kind would be complete unless some consideration was
given to the attitudes and opinions of the instructors who have worked with
the two methods simltaneously.

In order te determine some of the attitudes and opinions of the instruc-
tors, a short questionnaire (Exhibit III) was prepared, listing ten proposi-
tions pertaining to the two methods of teaching laboratory., At the close of
each semester, the instructore were asked to check the questionnaire. A
total of sixteen questionnaires were checked, nine the first semester, and

seven the second semester. The propositions 2nd resulte of the guestionnaire

are shown in Table XXI.

No
Eropositions Yag Ho Preference

1. Working in groups makes for a more orderly

laboratory class because the tables are not

8o crowded, 1l 1
2. Vorking in groups causes too much "bickering®

and "ill feelings™ in the laboratory. g 15
3. I find it quite difficult to prevent con-

versation or exchange of information other-

wise, in the individual laboratory classes. 7 7
4 In my classes the students seemsd to prefer

to work in groups. 13 Q
5. Most students working in groups finish the

experiments earlier than the ones working

alone, 9 1
6. The students enjoy working alone more than

they do working in groups. 0 11
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. SN Fi Tk
8. I believe the conversation between the two

students in each group adds to their under-

standing of the experiment. 13 0
9. The laboratory classes are guieter and more

business like when the students work indivi-

dually. 5 5
10, In the future I prefer having my students

working individually in the laboratory. b | &

b B R




The results of the questionnaire ghow thats

(1) the laboratory instructors feel that the conversation between the
two students (Proposition 8) is beneficial in helping the students to under-
stand what is being taught by the experiment. But in Proposition 7 there
was slightly less agreement that the student understood the experiment
better by vorking with another student.

(2) The laboratory instructors felt that students preferred to work
in groups (Proposition 4). This opinion wes verified, although not unani-
mously, in Proposition 6.

{3) "The ladoratory was more orderly due tc the tables being less
crowded® was marked Yes by a majority of the instructors (Proposition 1),
but in Proposition 9 they were evenly divided between the three respcnses.
However in Proposition 9 only five instructors said the individusl
laboratory was quieter sad more business like.

(4) There wae little bickering or 1ll feelings between the students in
groups (Proposition 2). There seem to be more disagreement during the
second semester between the members of the varlous groups, However, this
is not shown in the combined table,

(5) More work might be covered in the laboratory classes by using the
group-of-two method. Only one instructor checked Ho on Proposition 5. One
instructor failed to mark number 5.

{6) The instructors tended to favor the group-of-two method for their
future classes (Proposition 10).



Conclusionss

A1l the evidence indicates that the equating of the groups during the
first semester was very effective. Each of the schoole represented furnished
a ressonably equivalent number of students to each group. The distribution
of students by classes was even more striking, Table I shows that the control
group contained 281 freshmen and 5/ sophomores while the experimental group
contained 292 freshmen and 47 sophomores. 'The number of subjects lost from
the experiment, Table 1I, from each of the two groups wae practically equel.
Not &ll of the American Council on Fducation Psychological kxamination scores
were svailable, but an equivalent number wss found for each group and Table
III shows that these scores were very nearly equivalent. The data in Tables
IV to X inclusive, attests to this equivalenecs.

The equating of the groups for the second semester was not as effective.
A comparison of the course grade of all the students who completed Chemistry
11 (Table XI) and the same grades for those students who were in the experi-
ment during the second semester (Table XII) shows that more studente with
low grades dropped from the control group than were lost from the experil-
mental group. The mean of the control group was increased by 3.51 pointe
while the mean for the experimental group shows en incresse o 2,04, giving
& difflmec in gain of 1.47 in favor of the control group. The "t" value
for the means in Table XII was 1.84. When this "t" vslue 1s compared with
the "t"™ values for the means in Tables XIII, XIV, XV, XVI, end XIX, which
are 1,85, 1.44, 2,12, 2.23, and 1.97, respectively, in favor of the control
group no statistically significant differences are found between ths *wo
groups., Taking this trend into consideration, it could be assumed that
these groups were as effective, for the purpose at hand, as though they

were actually more nearly equivalent. Although these tremds and differences



during the second semester are interesting, they are not statistically
significant at the one per cent level,

There wag no gtatistically significant difference found between the
two methods of teaching first year college chemigtry laboratory at Oklahoma
4y und M, Collsge insofar as these weasurements were concermed,

-It will be noted in Table XVIII, which is made up from the data in
Tables XIII und XIV averaged with the laborstory grudo,7 that the ingtructors
favored the grouped classes in assigning laboratory grades, The e tenden~
¢y was shown in checking the questionnaire at the close of each semester,
According to the results of the questiomnaire, the imstructors favored the
group-of-two method and indlcated that their students preferred to work in
groups, There wus little evidence to indicate that students camnoi work
together agreeably since no more than five or six palrg were separated due
to dicagreements during the study. The majority of these cases occured at
the beginning of the second semester,

By working in groups of two, the students had more room to set up their
apparatus., A mutual check of their observations emabled them to obtain
better results, There was little doubt that the conversation between the
two gtudents in each group was of value in helping the student to understand
the work at hand, It has always been practically impossible to prevent
"grouping® and "talking® in large laborat.ry clasces under crowded conditions,
but it was posgibls to confine the conversation to the groups in the

7 The instructors computed the final laboratory grade from the short
laboratory tests, the laboratory report grades, and the teacher's estimate
of the student's laboratory ability, according to the imstructions from the
director of the eou:.se, but were required to record only the final labora-
tory average in the master roll, Therefore there is noc record of the
individual grades that went to make up this laboratory average,
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group-of-two method. Since the instructor worked with two students at a
time he could cover the laboratory more frequently thus materially increasing
the student-teacher contect.

The group-of-two method may favor the "laboratory parasite® or it might
bamper the good student by palring him with s slow student. As to the former,
the instructor mast continuously be on guard against the "laboratory parasite®
by either method, The latter might not be so serious, since by explaining
the more complicated parts of the work to the slower student, the brighter
student might grasp & better understanding himself.

Storeroom accounting was somewhat complicated by the group-of-two
method since it was necessary that each of the two students sign all
laboratory cards and equipment slips. This could be overcome by adapting
the storeroom accounting system to this method. The group-of-two method is
more economical as to laboratory locker space, chemicals, and eguipment.

It was agreed, by everyone concerned, that pencil and peper tests
probably are not the ultimate measure of laboratory techniques or abilities.
No work of this kind will be completely satisfactory until a laboratory
performance test is devised that will measure laboratory techniques and
abilities, and can be administered to a laboratory class by a laboratory
instructor in a given laboratory pex'il.ml.8

So long as the situation at Oklahoma A, and M. College warrants
crowded laboratories with large classes end a smsll teaching staff, the

group-of-two method would be preferable,

’ C. H. Boeck. "A Practical Examination of Skills and Techniques
Acquired in Freshman Chemistry." Science Fducation, 31;5 (December, 1947),
320-324,



| Summary: 5\

Ho statistically significant differences were found between the two
methods insofar as these measurements were concemmed, According to a
questlonnaire checked by the imstructors, the students and teachers seemed
to prefer the group-of-two msthod., The group-of-two methed is more economical -

as to laboratory locker space, chemicels, and equipment,

Further work might be carried out to answer such guestions asi

1. Should students be paired sccording to ability?

2. what are the advantages or disadvantages of strong students being paired
with weaker students (a) as to the strong student, (b) as to the weaker
student?

2« Can more work be covered in the mlmg‘tpoftimbymingthegmup-
of-two method?

Le Vhat is the maximum and minimum number of students per class in the
group-of-two method?

5. How much is saved in terms of chemicals and apparatus by the group-of-two
method?
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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) B is a 500 ml, distilling flask.
(2) D is a2 100 mm. pyrex test tube.
(3) H is a 50 ml, flask.
(4) F is a rubber jointed glass delivery tube.
(5) B is a 500 ml, Florence flagk,

16. Flask B was:
(1) filled with SO, at the beginning of the
experiment.,
(2) Filled with water at the begimning of
(3) fiiled 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 oi 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 tc prevent gases from escaping.
(5) A micro flame was used to heat D,

18, Which of the following might be used to shift the point of equilibrium in any
equilibrium reaction?
(1) the formation of a complex ion.
(2) the formation of a slightly ionized 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) BapSO, (3) NH,CL  (4) NaC,Hj0, (5) (NH,)250,

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 (CaCO3
(4) by holding a cold porcelain dish in a luminous bunsen burner flame,
(5) by heating copper oxide with charcoal.

21, A solution with a pH of four is:
(1) a basic sclution,
(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 (MNH,NO3)
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9. Calcium carbonate is used commercially ins
(1) production of quick lime,

(2) softening hard water. (4) the meking of glass.
(3) the manufacture of portland cement. (5) none of these.
10. A solution of a metal in mercury is:
(1) quiciksilver (3) an amalgam (4) calomel
(2) monel metal (5) hydroargentium

11. Sodium cyanide (NaCN) is used in the metallurgy of:
(1) Na  (2) g (3) 80 (b)) Zm  (5) Au

12. Referring to the activity chart of the metals, which of the following will be
reduced by Sn, but not by Hg?
(1) & (2) 2n (3) K (4) sb (5) Ag

13. An alloy:
(1) is a heterogeneous mixture.
(2) is a solid solution, (4) may contain mercury as one constituent.
(3) is en amphoteric compound. (5) is an ore of gold.

14. The principal ingredients of permanent hard water are:
(1) NaCl (2) Caso, (3) calico, (4) Mgso, (5) K,CO0,4

Five common metals are arranged in the order of their activity, the most active at
the top, the least at the bottom. Use this list in amnswering 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 formg the most stable compounds?
17. Which can be used to obtain free zinc from ZnCl,?

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 pole?

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

20, Which metal is commonly used to coat other metals to protect them from air?

21, Which metal was a development of the search for better eircraft?

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 inan excess of NH,OH 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.



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

CHEMISTRY 114

Questionnaire on Laboratory Methods

Relying on your own ideas and opinions check the followings

1,

2.4

3.

4

5e

9

10.

Working in groups mekes for & more orderly
laboratory class because the tables are not
so crowded.

Working in groups causes too much "bickering"
and "ill feelings"™ in the laboratory.

I find it quite difficult to prevent con-
versation or exchange of information other-
wise, in the individual laboratory classes,

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

Most students working in groups finish the
experiments earlier than the ones working
alone,

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

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

I believe the conversation between the two
students in each group adds to their under-
standing of the experiment,

The laberatory classes are quieter and more
business like when the students work indivi-
dually.

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

(This will have no bearing on your future assignments,)

Yes

Exhibit IIX

No
Preference

JOR/mr
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No
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