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Paper-Pencil Laboratory Tests and their Relatlonship to
Various Achicvenent ricasurcs in Physics
Haym Kruglak

University of idinnesota

Abstract

This rcport deals with thec analysis of paper-pcncil loboratory tcst
scoras in general physics, constructed and administered at the Univirsity
of iinnesota, 1952-53, Thc ciiaracteristics of the tests were investigated
and the reclationships with othcr achicevement neasures werce exploreds

It was found th~t the paper-n.ncil tosis designed to measure specific
* .structional objectives had a sormal distribution over a much narrower
range of scorcs than the laboratory operformance tests, The Davis discrim-
ination indiccs for the items werc hipghest with the total score on cach
vest 2z - rritoion, but the averosc index was lew for cvery testes Thc
print bisc:rai corrclaticns with the perfarmance itens tended to cluster
about zero, In general, thc Hoyt rcl-abilitics were on the low side and
wore comparable in valuce to tac r-linbilitics of the nerformance tests,
The itenms had fairly high face validitics as bascd on the awverage of four
expert ratings.

'iith the exception of the Identification and Fuaction, nre-test inter-

——

corrzlations were low. These two pro-tests were fair predictors for the
corresponding nost—tcsts in ..zcchanies, 11 the pro-tests in Electricity
were fair orcdictors for th: corrcsvonding post-tcsts. The correlaticns
betweeon the pancr-peneil tosts and other criteria of achicvoent in cle-
mentary physics wire cither non-significantly diffircat frem zero, or low,
Gt thr.c of the four tests in i cchanics, boys scorcd significantly higher

than th: girlse On all thc post-—tests the ricans were significantly higher

than for the pre-tesis, irresp)ective of scx or coursc tolen,
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The investigation lends support to the hypothcsis that paper-pcncil
laboratory tosts contain clements othir than thosc cvaluated by performance

tests and the convent? nal measures of achicvement in elcmentary physics,
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;' Paper-Pencil Laboratory Tests and thcir Rclationship to i
‘ Various /ichicviment lieasurcs in Physics

The purpase of this rcport is to describe an investigation dealing
with paper-pencil tests for thc clementary physics laboratorys.

Characteristics of paper-pencil laboratory tosts in iiechanics

Dur:ing thc fall quarter 1952-53 four tests in iicchanics woerc adnin-
istered as pre and post=teststo studenis carolled in the general, non-
t:chnical Physics 1 and la, The tests werc: Identification of Apparatus,
Function of /pparatus, btxperiments, and Liscellancous. The detzils of

tost construction, administration and the frequency distributions of the

scores were given in the preceding report (4). It was thought desirable
to subject the data to a more detailed analysise

§;? C NUnrnality of Scorc Distributions.

The scorcs for the pre a2nd post-tests were cxprisscd as cunulative

¥ nercentages and ploctted on probability graph papers The perecntile ranges
of normality for the boys and girls in tho two courses arc shown in Table 1,
The values in the table corrcsmond to the peints whicn fall on or very

closc to a straignt linc,

Tablc 1
Percentile range of normality of paper-ncncil laboratory tcsts in :.echanics,
_____ i "_X;,_ics_;l Physics la
Test N | Poys , i1 1 Girls N[ Bo/s N Girls™
IS i I
Identification  Pre 72| 1-951iko;20-99  1L5| 2-75 121 15-75
(10-L0; 0-603 K’2-254
. Post 30 }so-9si 21775-98 6hﬂ55-9o'| 6
: |
4 ‘ +
* X Function Prc 72| S=75 |iL6! 25-75 5| 1-99 it 7-93
Post 33 | 35-95 |[19} 25-55 65]15-75 { G
2 , Fxporiments Pre 72 5-35 |ik6l10-90 1S 15-9o| 21 2-80
| Post 32! 25-755'21325-95 6L 1-?5ll 6
liscellaneous Prc 72 '10—85| h6!25-90 145 15-805 21 20-90
Post 33 .10—80 il9‘10—90 65 lS-SOil 7
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For thc pre-tests the scores were normal in the interquartile range
(25-75%)« In most cascs, howevcr, normality was cvident over a much wider
rangc. ‘/ith the exception of thc Identification test, thc post-tust scores

appearcd to be normelly distributed over approximntely the same ranges as

the pre=test distributionse The Identification post-test scores appeared
to be typical of bimodal populations,

Other trends which were avnarcent from the graphs can be swmarized
as follows:

There were practically no difterences in the test score distributions
between boys in Physics la and boys in FPhysies 1. The samc was true of
the girls in the two courses,

The scores of the 2irls in Physics 1 on the Identification and

Function post tests were bolow the boys! distributions cn thi correspond-

ingﬂpfe—tcsts.
The gains from the Identification pre to post scores were very nuch

F greater for Physics 1a boys than for the boys in Fhysics le This tendeney,
although present, was not goite as pronounced for the other test o

The scorcs on the Experiments pre-tests werce about the same for boys
and girls in beth courses, with a fairly large nwiber of negative scores,
The gains from the Expcriments pre to post-tests were in general small,

Scveral tentative hypotheses were sugsestod by the examination of
the scorc distributions:

1l. Coys have sgignifienantly higher scerces than girls eon oroe and
post—-tests, with the exception of the morc difficult tosts,

2+ Students with and withont laboratory work g2in significantly from
prc-tests to post-tests,

3. The students with laboratory instruction sain somewhat nore from

pre to post-tests than students without laboratory work.
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L. The Experiments tcst is probably/difficult for students at the
lovel of Physics 1 and la.

The rosults for 126 boys on the laboratory perforiznce test in Physics
la were also plotted on probability paper. The points fell on a strzight
line in the 5 to 95 nercentage rangc and were not far from the line at the
2 and 98 perccentiles., Thus, nerformance test scores exhibit a nernality
ovcr a nuch wider range than any of the paper-peneil post-testse The
performance test is reproduced in the Appendix,

Comarison of Variances and rfeans

The mcans, variances, standard deviations, F-ratwcs, and t-values
for the pre and post-tests arc reproduced in Tapole 1 of the Appcndix.@ An
inspcetion of the table reveals a nunbur of facts:
1. (ut of the cight F-ratios fcr boys and _irls who took thc prc-tests,
three wrere significant.
2, The diffcrence in the mecans of boys and girls were significant in
both cours.s for tne Identification, Funetion, and i:iscellancous pre-tests.
3. The differences in the noans of the boys and girls were significant
in both courscs for the Idontificaticn post-test,
Lbe The diffurence in tho nmuans of boys and pirls was gignificant in
Physics la for the kxperincais pro=tust and the ilisccilancous post-test.
S« There were tvo significant FP-raties for students in Fhysics 1
and Physies 1la: on the Exmeriiints pre-test for both boys and girls,
6. The differc.ces between the means of students in Physics 1 and la
were significant for:
a. boys and girls on th. Idontification post-tost
De giris on thc iliscellancous pre-test
c. boys on thc Exporiments post-test

7. The initial kaowledge as mcasurcd by the Experiments re-test

@ The Statisticnl aopondix is available on request from the author,
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and thce final achievement cxpressed by the post-test score on the samc
test were very low for all groups.

A similar analysis wns made for students who completcd the pre=tusts
as well as the post-tests. The results arc shown in Table II of the

Appendix, The size of the sampl.s was thus reduccd. Onc could observe

1. The diffcrence between the ncans of boys and girls in Physics la
became non=-significant on the Experiments post-tcest,

2+ nonc of th. F-ratios wcrc significant,

3. The nean of the boys in Physics 1 beeame significantly highier
than the @can of the boys in Physics la on the Identification pre-tost,

L, Therc was no long.r significant diffcrcnecs in the nicans of the
girls in both coursces on the ilisccllancous vre-test,

Table IT also comparcs the g 2ins from the pre to post-tests for the
grouns. It was found that with tac execption of girls in .hysics la,
on the liiscellancous test all groups made significant gains on all the
tcstse However, the sonple of girls in Physics 1a who took the post-
test was extremely small,

The data from Tablus I and I1 sceicd to support scveral conclusions
with respect te peneil-papcr laboratory tusts in licchanies:

I. There werc significant differences butween the mcans cf the boys
and girls on thc Identification, Function and ilisccllancous pre-tests, in
favor of the boys, This was truc of both courscs,

JI. There were significant differcnces between acars of the boys and
girls on thc Identification, Function and ilisccllancous post-tosts,

ITI, Both sux.s showed significant gains in the mcans fron the pre
to the post-tests in both courscs,

IV, The cffect of laberatory training appearced to bi nost pronounced
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in thc casc of thc Identification test, with students in the laboratory
coursc haviug significantly higher means than the students in the no-
labor~tory coursce The trend, though prescnt, was less markced for the
Function and Expecriments testse The differcnccs were negligible for
the iidscellancous test.

The Reliability of the Tests

The rcliability of cach prec and post toest was calculated by the
Hoyt isethod (2) for boys and girls in both courscs. The rcliability
coefficicnts arc reproduced in Table III of the iAprendix, The highest
reliability obtained was 78 for the . iscellancous post-test for girls,
The lowest coefficients were characteristic of the Exooeriments pro and
post-testse It is probablc that the difficulty of this particulor test
ey , causcd the students to cngage in a great deal of vild guessing, tho: gh
they have been warned not to do it

Itcm Annlysis

Navis Indices

Four criteria werc usud vith the Davis tochnique (1) of item
analysis for physics la: thc total score on cach toust, the totnl scorc
on tht laboratory pcrformance test, the finel c¢xamination grade, and
the final coursce gradee Students in Physics 1 had no performance scorc,
Thwe discrinination and diffliculty indices are shown in Tables IV-XI ol
the Appendix, On the basis of the data siveral tronds were cvideat:

le The hi_jhest discrimination indices for a given test werc obtained
when the total scor. was us.d as a critceriond This was truc of both coursces
and both sexcss Howewr, sincce in. Physics 1 groups were small, onc nust
acccnt all conclusions crutiously. The indices ranged from O to 7h;
the averaze valucs were from 15 to 32,

The remaining three criteria yiclded a large number of ncegative and
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positive discrimination indices of low valucs, with the average indices
ranging from 3 to 18 for Physics la and from =11 to 9 for Physics 1.

2 The average difficulty indices were of the same order of magnitude
for all the criteria on a given test. They were somewhat higher for boys
than for girls; a littlc higher for Physics la than for Physics 1,

The average difficulty indices were very nuch lower for the Experincnts
test than for the other tents for both boys and ¢irls in the tw courscs,

On thc basis of the Javis analysis it was reasonable to hypothesize
that the items on the paper-pencil laboratcery tcests would not discriminate
cffcectively between the good and poor students in physics as defincd by
their rank on conventional ~chicvement measurcs and laboratory performance
tcsts,

Point Biscrial Correlations with Performance Tcsts

Point biscrial correlation cocfficicents werce computed betwecen cach
item on the performance test and exch itenm on the paper-pencil laboratory
testse The coefficicnts arc shovm in Trble ZIT of the Appeadixe It con
bc scen that the majority of thc valucs arc low, clust;ring around z2r0e
The highcst cocfficicnt was .50; -.Ul was the cocfficicnt with the niih-
2st ncgative valuc, There werc 26 cocfficients with absolute valuc 430
or highcr out of 534 possible comp~risons.

On thce basis of the low valucs of point biscrial corrclation co-
¢fficicnts it is rcasonable to proposce a tentative hypothesis of non-
significant rclationships betwecn the relatively complex laboratory
performance ite s and paper-ocnceil items designed to cover specific
ObjbC£iVCS of laboratory instructinn,

Judgcs! Ratings of Itcns

The four judges who rated the performance items (3) clse cvaluated

tnc poper-pencil itums in terms of their suitability for appraising labe-
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oratory instruction. The Judges! ratings are rcproduced in Table XIII of
the Appendix,

There was only onc iten that had an average rating from poor to fair,
All the other itums wurce rated as fair or goods . substantial nuuber ol
itens had the top rati.g from 211 the judges. Two of the jud_ cs had
approximatcly the same average rating for the itcms on ecach test; onc judge
was 2 morc scvera critic than the othors; the fourth judge was relatively
casy to plcasc. For nost of the itconis the differcnce between the ratings
was not greater than one point.

The ratings indicated that most of the test itcems had a good face
validity,

It is interestiag to note that the ratings appearced to have no re-
lat:onship to thc point biscrial corrclation coefficients. The ratings
of th¢ performance itcms arce also shown in Table XIII.

Corrclations Between the Paper-Pencil Laboratory Tests in licchanics

Pre~test Intcrcorrclatioas

The corrclation natrix for the laboratory paper=pencil pro-tests
is rcproduced in Table 2, The highest corrclation coefficients werce
between the Identification and Function pre-tists, for beys and girls
in Physics 1la and for boys in Physics 1. The corrclations werc also
significant for boys in Physics la, bctween the Identification, Function,
and the othcr pre-tests. However, the valucs of the coefficicents were
low. It is quitc apparcent that the Identification and Function pre-
tests have some clancnts in cormion,  Anothier possiblity is that a
knowledge of the narme of the apparatus scts up some rwntal associations

which help to rccall its function,
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Table 2

Correlation matrix of laboratory vwritten pre-tests
University of ,innesota, fall quarter, 18%2-;5.

O e — = W
Course N, Variables Correlation Coefficients
Physics BY G X7 Xg X9
B G B G B G
la 123 13 3 = Identification .57 .59 .18% .05 .33  -.09
~ of apparatus
1 58 39  Xg ST 032 11 02 LW .2
1a 123 13 X, = Function 35 L1 39" <09
of apparatus ,
:
1 58 39 Xq 07  Le09 L12 .07
la 123 13 Xg = Experiments «05 022
1 58 39 X5 - «25 +02
X9 = liiscellaneous
**Significant at the 1% level 4 B-boys
*significant at the 5% level #4 G-girls

Post=tust Int.rcorr..lations

Limited testing ti..o 2llowed for the post-tusts pomitted the adnin-
istration of only two tusts to onu subsmuple and the ronaining two tests
to anothor subsamplc. For 62 boys in Physics 1a who took the Identifica-
ition and Exnerinents post-tests the corrclations between the twn vwns L 20,
not significantly difforcit from zcroy for the corrusponding pro=tosts
the valve of the corrclation coefficicent was 18. It is quite likely
that thce two tests nicasurce different aspects of laboratory worke For

thc 60 boys in Physics la who took thc Function and liscellancous post-
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tests the corrclation between the two was JU5; for the corrcsponding pro
tests the vnluc was «39e The Miscollaneous tust dealt with the relation-
shin between the v ricus components of an apuaratus and with the sclec-
ticrl of aporonriate icasurng instrwacnts. Conscquently, a positive
corrclation with the Function test was to be expectede

Corrclations Butween Pre and Post Toests

The corrclation matrix between the laboratory paper-=pencil pro and
post-tcsts is shown in Table 3, For boys in Physics la the correlations
between the four nre- tosts and the corresponding post -tests were positive
and significant, but thc cocfficicnts for the Identification and Function
tcstg7g;ch higher than for the rcomaining two tests. For borys in Physics
1 the only significant positive corrciation between a nre-test and a
corrcsponcing post-test wns obinined for the Functions tests For girls
in Physics 1 the significant ~nd positive corrilations werc for the
Function and fxmperimints prc and past~tosts,

Thc intcrcorrclations betwien the pre-tests and the Experinents
pist-test were in genertl low and nonsignificant. The difficulty of this
test hiad been mentioned as a possible explanation.

Th¢ intcrcorrclations betvren the pre-tists and liiscellaneous post-
tcst werc also low and in :ost cascs nonsignificant,

In generzl, the corrclations for girls in Physics 1 werc low and
nonsignificant. It is difficult to cxplain the relatively high value
(s55) of the corrclation between the Exnoerinents pre and pest-test in
the casc of girls in Physics 1; also betwoen the lidscellaneous pre-test
and Idcentification post-test («57) for boys in Physics 1, Unfortunatcly
the sample of giris who complceted Physics la wrs too sm2ll for valid

conparisonss

s ST T e ey S €A
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Corrclation matrix of laboratory poper-nencil pre-tests and post-tcests,
Univ.rsity of linnesota, fall quarter, 1952-53.

Course N Variablcs Corrclation Coefficients
Physics RzBoys G=0Cirls X9 X171 X5 113
B G ‘ B G B G B G
1la 621 Xg | o58%* f .03
6011 L 7655 o2l
|
BY 18 LS el 029 -.01
la 62 Xo | ebl** ! .15
60 L ., 5% 16
i
1 28 2 X, | v2l 261 -3 -2 |
30 18 ,062*‘* oSh* 037* 018
]
f
la 62 X8 13 ' 025*
60 i036*-* 0211
1 28 21 Xg | o2 .33; 036 .55
30 18 ’.25 -.06 el =02
| .
la 62 X | $32* .21 !
60 9 L3%F S il
’ .
1 8 2 Xg | 57 L5 30 -2 |
30 18 o1k ald P e33 W01
X6 Tdentification »rc-test X8 xmerinents rre-test
XBO Identification post-test X12 Experincnts post-test
X7 Function pre-tist X9 :'iscellancous vre-test
Xll Function post—test X13 ‘isccllancons post-tost

*gignificant at the 19 level

I Jubksay

eI

II Subsaple 1T -

completed Identification and bxperiment pnst-teosts

*3iinificant at the 5% level

completed Function and liiscellaneous post-tests
P P
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The conclusions based on the data werces

les The Identification pre-test is a fair predictor of the post-test
secorce for boys in Physics 1la; the s2me pre-test is a gnod predictor of
the Function post-tist score,.

2o The Function pru=test is 2 fair predictor of the Fuanction post-
test scorcs for boys in both courses and for pgirls in Physics 1 o The
cffcct of laboratory work is lsast cvident in this particular arca,

or

3. The Experiments and Lidsccllancors pre-tests arc posr/worthloss
instruricnts for pr.dicting nny of the post—-tist scorcs, varticularly in
Physics 1, thc cours. without labor-tory.

Le The <ffcct of 1lnboratory instruction conld be discerncd in the
noderntely high valuos of the cocfficicnts botwe.n the Identification pro-
ttst ~nd Function post-test and the esnvers. for toys in Physics 1o, This
cffcet was 10t observed for byyss in Physics l.

Corrclntiins Jotween Poncr-Pencil Laboratory Tests and Othcr
Lchicvenment ncasurcs in Physics

Bach of thi pro ond post=tcsts was corrclated with the following
scorcs: quiz average, final examinati-n, final coursc grade, laboratory
grade, and laboratory porfomance tostes  The résults arce sumiarizoed in
Tablc L.

The outstanding {=ct charactiristic of the cnalysis is that no t of
the corrclation cocfficicnts arc low in valuc and not siguificantly
difforct fron zero, This is narticularly truc of the girls in both courscs,

Anothcr striking fcoture of thoe tobulated data is the abscnee »~f o
single significont corrcinti-n cocfficicnt for boys in . Fhysics 1,
iost of the significeant corrcl-tions were for boys in Chysics 1la, but
the valucs were lows .37 wns th. highoest positive cocfficicnt; =.43 was
the 1 west negative valuc,

The onc consistent sct of corr.lation coefficicnts was obtaincd for



Tablce L

Corrclation matrix of laboratory papcr-pencil tests

and other achicvement measures in elenentary physics,

University of (iinnesota, fall quarter, 1952-53

15,

Cse, " - Corrclation Coeféicients
; i Vari
Ne Boys Girls Variables X X5 X3 Xh XS
B G B G B G B G B &
la 123 13 Xg =20 013 013 L2 =21 -,02 J17 -.07 .22% .01
1 58 39 Xg 01 .11 -,04 ,07 01 11
la 123 13 ¥, c20% =30 W37L,23 S35 L 32 ,22%-,17 L, 20%,05
1 58 39 Xy 216 30,09 W3W* L L3LF
la. 123 13 g (02 =15 L0609 L03 L08  -.31 .16 -.17 .20%-,09
1 58 39 g 15 =416 -.01 -.16 .11 -.2
la. 123 13 X sl 03 W09 =012 = U3"F S16 .16 =42 .22%-.51
1 58 39 X9 -003 -:Oh -oos 023 -005 003
= %ﬁ# X]_0 . 23 '35*—* . 25* > OS ° 29*
1 28% 2% x4 —0l W41 .00 .37 .00 WL
30’;‘&&‘“
la 62 17 .
60:;# 4 16 . 29% Ra/ il R
1 28#721q1 X171
307 718" 05 .25 =11 37 L,00 .28
1 26 2t %, o235 .03 07 L4 .20 .07
3oﬁ#18#’
1a 62 yey
ot .20 iy .20 B .32%
1 28% 217 X plle 010 =05 =,20 LO5 =.04
30#/‘18# S l}——<—““’ 4 e b v L NV
4 = Qgiz L *gignifi~ant at the 1% lcvel
5 & Pinal [exaninaion *3ignificant at the 5% level
X3 = Final coursc grade #Ccomplcted Ident. & Expts. post
%), = Laboratory gradc #7completed Funct, & ifisc. post

XS - laboratory performance test

@Samples of girls who completed
Physics la too small for valid
comparison
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cach pr. and post-test with the labor-atory performance test in the casc
of boys in Physics 1la, Howcver, the corrclati ns range was frow «20 to .33,

On thc bagsis of thoe cevidence it is reasnnable to conclude thats

1. The prediction of achicveient on lobor~tory performance tosts is
highly unrcliable by nicans of apere--cncil laboratory pre-~test scorcs,

24 The existounce of positiv., low =nd significant corrcinticns
between the paper-pencil postetests and perforrance toests indicntes the
presence of some comnon cleients,

3. One cannot predict the lobor-tory grade as assigned at the
University of ildnncsota on the basis of the paper-poncil laboratory pro-

2st scorcs,

4o The cffee’ of laborntory imstruction on prpor-acncil test scor s
appears to be very siinll aand is bost denwenstrated by the incereasce in the
valuce of the corrciati n cocfficicnts butween the =aper-pencil a d the
perfortinnec test scorcs, from the beginning to the cnd ef the instruction
period.

5¢ Thc paper-p.ncil laboratory pre-tosts could not be us.d tn prodict
quiz averag.s, final cxanianati n scorcs or the final grade in the coursc,

6. Thc paper-pcncil laborntory post=tusts artperr to sample skills
and antitudes diffcrent fron thosc requirced in course quizzes, final
exminntions, and coursc graciss

Thce hywothesis th~t paper-pencil lborateory tests in liechanics
ri.asure components other thon thosc cvaluntoid by other criteria of physics
achicvenient in clenentary courscs ~opears to be substantilated

Charactceristics ~f Paper=pencil Laboratory Tests in Elccetricity

During the wint.r quarter, 1953, five tests in Elcctricity were
administcred 2s pro ~nd post-tests to students in pro-medical Physics §

and to students in twe scetions of cngincuring Physics 8. The tosts
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vwerce fleectrical Circuits, Elcctrical kictors, Identification of Apparatus,
Function of Apdaratus, Symbols Be Tac tusts were described in - preceding
revort (L) Since the number of girls cnrollcd in the tvm coursus was very
small, thiy were omitted from 21l s~amles,

Normality of Scorc Distributi-ns

The scores for the pre and peost-tests in Elcctricity were expresscd
as cuaulative percentage distributions and plotted on nermal probobility
waders  The porcentile ranges for which the points f2ll on or very nenr a

stroipght line arc shovm in Table S,

Table 5§

Pcicuentiic Range of Hormality cf Poper-Poencil
Loboratory Tosts in Elcctricity

Tost !}} Phydhcs © y  Fhysics 8 N Physics 8
f Dre “Tucker e, Tung i or, Johnsten
iy : :

Idcntification  Pre '!hé 5=97 63 | 10-92 |
Post; 2l 20-50; 60-98!| 51 | 15-35 ;
| |
Function Pre || L6} 10-90 60 | 15-90 i
Post,| 23} 20-90 51| 2-25; 30-95
ll -_x
Synbols B Pro ||L6! 1-25; 25-92 || 62| 5-20; 20-99
Post | 24| 20-80 51| 2-10;10-75;70-97
=
lotors Pro {|94] 1-60; 70-95!| 63 | 2-30; 30-90 ;116 5-25; 25-90
Post{|l9] 3-50; 80-97: 51 | 10-90 1103 5-90
Circuits Prc !i48] 10-85 {115 1-70;70-96
post 2| "2-25 1595 |10li1-35; 25-705
380290
ol B

A number of facts arc cvident from an inspection of the tables

1. The Identificttion and Function pro-t.sts shcew a normality over 2
wide rangce of scorus for both Physics S and 8,

2. Thc lict.rs and Symbols B pre-test scorcs arc cssentially binodal,

3. Ths Circuits pro=toust has a normal distribution for n wide range
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of Physics 5 scorcs, but the points fall on two lincs of differcnt slopes
for Physics 8,

Le On the post-tests for Physics § the distributions hav. changed to
binmodrl for Identification and Circuits and in Physics 8 for Function,

Se Thc distributions for the iicturs postetests in Physics 8 have
becone noernal over a wider range,

Othcr trends that could be discerned fr thc curves werce:

6. The nre-tost scores for Physics 5§ werce invariably lower than the
scorcs of Physics 8 on all the corrusponding tostse

7+ Thc post-test scores for all the grours were censiderably higher
thn the corrcsponding pre-test scorcs, with the cxception of the Circuits
teste

8. For the Circuits thc gains from thc pre to post-test were rather
s:all at the lower e¢nd of the distribution; thcey incrcascd rapidly and
almost lincarly froa absut the 30 percentile on for both courscse The
gain in Physics 5 was nuch niorc snectacular than in Physics 8. Here the
hard work and notivation of the pre-ncdical strdents become  anparent,
The Circuits tost was a difficult tcst and probably more tosting tic
should have. boeen nllowed for both administrations.

9. For thc lictcrs, Spwbols and Circuits post-tcsts the curves of
Physics 5 distributions wcre very clos.. to the corresponding curves of
Physics 8¢ This showed that the pre-mcdienl students ma<c rolatively
grcater progresss  Howevery,in Identification and Functi~sn the Physics 8
students sconed to nmaintain their original supcriority over Physics 5,

The performance tost distributions werce also plotted on porbobility
papere  The two sceti ns of Physies 8 showed a normnlity over a wide range

of scorcs; the distribution of Physics 5 scorus tended to be binoedal,
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However, the differcnces in scores for the threc groups appearcd s:all
along the cntire distributions The items of the performance test are
shown in thc¢ Appendix

Cormarison of Variancc and Means

The neans, standard deviations, F-ratios, and t-valucs for the
Elcctricity pre and post tests arc snown in Table XIV of thc Appendix,

Scverel conclusziots could bte drawn from the tosts of significonce:

1, The variabilitics of the poast=tost scores were significantiy
different from those of the pre tust scorecs for 6 of 12 compariscns. The
diffcrences in variabilitics were especially pronounced for Physics 5.
Thus, for Circuits, Idcntificaticn, and tleters the standard deviations
changcd by a factor of two or norc,

2o The differences botween the pest and pro-test ncans were signi-
ficant for all the groups at the 1 per cent level,

3. "Tith onc exception, the varian.cs of the rPhysics § pre-test scores
were significantly differcnt from the corrcesponding varinnces for Physics 8.

4o The nicans of all the Physics 0 preo-tests were significantly higher
than thc corresponding mcans of the Physics 5.

S5« The variances of Physics 5 post=tcst scores were significantly
diffcrcnt from thosc in Physics 8 on the Circuits toest only.

6. On the Circuits and Syabels B pist-~t.sts the mcans of Physics
S studcnts wire not significantly different fron those of Physics 8, On
the Iduntification, Function, and iicters post-tests tne means of the pPhysics
Y subjucts were significantly hi hcer than thosc of Physics 5 subjocts at
the 5§ per cent level, Howcver, it will be recealled on the pre-tests all
the differcnces wiore significant at the 1 per cent level,

7. Thc Circuits tost was cither too difficult, or insufficicnt admine

instration timec was allowed, cr both,
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8e¢ Thc Physics § subsamplces who tock the post-tcsts werc small and
comparisons arc subjcet te largc crrors,

Thc subjects who took the pro-tests only were conparcd with those
who took both the pre¢ and post-tests. Also, thc studcnts who took the
Circuits and iictcrs post-tusts only were comparcsd to thosc who took the
prc and poste=tests, The variances and the micans were not significantly
diffcrent for all compariscns and it was concluded that the students who
took the tests at the beginning and cnd of the quart.r were typical of
the ebudents who originally cnrolled in the coursc,

Test Reliability

The reliability of cach prc and nost-tost was calculated by the Hoyt
incthod and the results arc swunarized in Table XV of the Appendix, The
r.liability cocfficients varicd from =,03 tc 83 on thc pre-tests and fron
oLl to «76 on the post=tustss The coefficients romained f2irly constant
for th. prcetcst and corrcsponding post=tist in Physics 8. The imwost striking
chang. took place in the casc of the Circuits and Identification tists for
Pnysics 5: thc rcliabilitics of the respective pre=tests were =.03 and L15
and of the post=tusts «70 and +6l. Porhaps this discrepancy can be ex-
plaincd by the great.r anount of gucssing on the pre-test,

Intercerrclations of Papcr-~Pencil Laboratory
Prc and Post=Tcsts in Blcctricity

The corrclatiosn matrix for the vrc and post=tests in r. Ting'!s scetion

of Physics 8 is giv.n in Table 6, It can be scen from the table that:

1, The pre=tost intoercorrclations range from .38 to .58, 2ll signi-
fieantly diffcrent from zoroe. anparcntly the to.sts have cormon clorents,
This trend is cspocially pronounced for the Identificaticen-Function and

for ihe ricters=Sy.abols corrclations.



Table 6

Correlation matrix of laboratory paper-pencil prc and post-tests, Physics 8.
University ot jiinnesota, fall quarter, 1952-53, Dr. L. Teng

Nall N = 35

© Jariablo a17 X18 X9 220 a2l £22 A23
X16 = Idents pre a55 ;35 RS L S L . i
X17 = Mnction pre o Mook J60™* 57 29 019
X18 = leters pre SE 39%t 22 0™ Lt
X319 = Symbols pre 56" .28 ST 59
%20 = Idente post ¥ o 30
X21 = Function post o) o1
%22 = veters post el
X23 = symbols post

Table 7

Correlation matris of laboratory paper-pencil tests and other achicveme:it
measures in elementary physics,

Physics 8, University of linnescta, fa° . quarter, 1952-53, Dr, L. Teng

fomm e m Voo b1 ——— 5> g = 35—
Variable X16 L7 X18 X19 20 Xo1 X292 X23
x6 = Nookly gulz -0k «07 30 »30 -005 ~-o1l ) o2l
average '
X9 = Final exaninaticn ,07 022 LS50 16 7 W2 W29
Physics 8
Xg = Final grace .00 b W37F LT L -03 W31 .29
X9 = Lab. average 10 .09 W26 W37F 16 W00 G260 37F
X104 = lab. performance ,06 .19 022 U 16 =a05 W31 W31
test

S :
Significaat at the 1% level

*Significant at the 5% levcl
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Table 8

Correlation matrix of laboratory paper-pencil pre and post-tests, Physics 8,
University of Minnesota, fall quarter, 1952-53, Dr. L. Johnston

Variable I THERE. X33 | N 3
b i '
. '
Xy, = leters pre~test e .38 * 78 oS 2*F 79 L3
: | i |
X12 = Circuits pre=- 77 e 78 W59
test
£ X13 = .eters post-test 89 J21%
th = Circuits post~test

*gignificant at the 1% level

Table 9

Correlation matrix of laboratory paper-pencil tests and other achievement measurces
in elementary physics, Physics 8, University of liinncsota, fall quarter, 1952-53,

-

N = 90
Variable X371 (¥=92) Xy, (1=91) X153 (N=89) Yy), (N=90)
Xg = Weekly quiz .16 s33%* o o 29FH
average
X7 = Final examination " "
Physics 8 W24 023 $ 29 .26
Xg = Final grace .18 3 .16 2™
"9 = Lab, average W12 o1l bl .33

X3¢ = Tab. performance " st st
test .26 .18 .30 297

**Significant at the 1% level

*Significant at the 5% levcl
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2¢ The corrclnatinns botvieen the pro=tusts and corrcsponding post-tosts

rang> froi 57 to {62,

3+ The following, wairs of pro-oost tosts are not significantly corre-
1at.d «rith cach Hther:

Identification pre= cters post
Muncti-ns pr o -l.cters st
Functi ns »ro=Synbnls nost
.cters sre=Fanctions vost
Syibols pre-Functins st

Ls The follow.ng »rirs of post-post tosts were not significantly

corrclated with each other:
Idontification=Synbols
Function-3yrbols
5+ Thc following poirs »f tusts woerce significantl; corrclated:

Identificatisn pre=0ynb-ls nost
Idcntificatin pro=functions post
Identific ti n nost=-fuanctions post
adenvifiction post-ictirs post
.¢t.rs n st=3y1:bols pnst

The corrclation matrix for pre 2nd postet.osts in Or. Johnsteon's scction
of Physics 8 is rerroduccd in Table 84 Both scctions tock the rcturs tost.
Sorc of the facts revenlod by tais table arc:

6. A1l the corrclation cocfficicnts wore significant,

7« The corrclotions between the pre-tousts and the corroesreonding
mist=tosts were of the sas order of cagnitude as in the cisc of IDr,. Tong's
scetin,

8, Thc corrclation between the two pro-toests was signifiennt but low,

9. The corrclations between the proe-senrcis »f onc tist ~nd th. nost-
scorcs of tho nthner tust were significnit but low,

10, The corr¢lation botween the post=toests was significont but very

low,

On th. basis »f the corrclation cocfficicnts it was reasonnble te

conclude:
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I. The pre-tests werc fairly good predicters of scor.s on the corru-
sponding ost-=tusts.

IT. The Symbols pre-test was a fair prcedictor of scerces on the Identi-
fication and lict.rs prst-tests. The Functions nre-tost was a f2ir »redictor
of scores on the Identification post-tiste 41l the othir pre-tests werc
moor or very ponr predictors of scores an the non—crrosponding post-tests,

ITI. The only post=peost c¢-rrelation thot wns of appreciable magnitude
wvas that between the “eters and Syibols post-tosts (.61). Consiquently,
it is quitc likely that these twio tcsts neasured an apnrociable number of
common clk iments and functionse

IV. The positive and significant intcercorrcl-tions butwcen the nre-tests
can »robably be ascribed tn the studentt!s unif rn knywledge or uniforn
ignorancc of the six specific arcas coverced by the tousts, as w.ll as to
the prescnce of eomson terms and oather theorctical cormponcenis,

Corrclatio-ns Betvweon Pap.r-Pencil Laborat ry
Tists anc Othor achicverient iicasurcs in Physics

The €orrclation nmatrices between the paper-p.oncil laborat-ry t.osts
and othcr achicvenicnt mcasurcs in ohysics are shown in Table 7 for Dr,
Teng's suction and in Taole 9 for Jr, Johnsten's scetinne. It was found
that in Dr. Tung's scetion:

1, Nonc of the pre or nost-=tosts corrclated signifieantly with the
weckly quiz average,

2o The licturs nand Sy:bnls pre-toests corrciat.d positively and sig-
nificantly with thc final exanination and th. fiual grade, but the
cocfficients wer. 14w,

3. The Syumbols pre and nost-tests cirrclated significantly with the
laboratery avernage, but the coefficients were very low,

ke Thc Syrbols pru-tust corrclated positively with the performance
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tust, but the cocfficicnt was low,

In Dr. Johnston's scetiong the correlation coefficients for the ne
corzion tust (ieters) were of the s ne order of nagnitude ~s in Jr. Teng's
groups Howover, because of o fluch larger sample size »f the "ormer group,
the cocfficients reached signifigance valuc,

S« 411 tho cocfficicnts wirc nmositive and low; the highest valuc
was U2,

6. The Circuits pro, hetirs post, and Circuits nost corrclated sig-
nificantly with thc woeekly quiz average and the final exaninatiaon,

Te Thc Circuits pre and post correlatad significontly with the final
gradc,

8. The licterz and Circuits postetosts coirrelat.d significantly with
the laboratcry avcrage.

9« The l:icters prey Lioters poest, and Circuits post c-rr.lated signif-
icantly with thc laboratosry werfornonce test.

On the basis of th. ovidence a fow c:nclusi ns appear warranted:d

I. The paper-pencil laboratory tests arc fair prodictors of the scores
on the corrcsponding post-tests in Electricity

I1, Thce paper-pencil laborntory pro=tosts in Elcctricity are very poor
or unrcliable prodictors of achicvencnt as measurcd by such conventi-nol
critoria as weekly quiz avernge, final cxomination, or final grade in tho
COUrsce

III. Thc low but significant corrclati ns between the mst-tests and
othur grad'ng criv ria indicate the incvitable overlap in common cl:rents,
such as definitions, circuit diogran iaterpretatin, ctes  The Circuits
pest-test is a casc in point,.

IV. The paper-pcncil laboratory pre-tusts arc poror or urnreliable pre-

dictors of laboratory achicvanicnt as ncasurced by the laboratory grade and
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nerfornance test senrce

Ve The paper-=pencil 1nboratory post-tosts designod to evaluate very

speeific instructionel objectiv.s apnenr to have fow cloaenis in comon

with labor2tory perfornance tosts composcd ~f more goncrnl jteas in the
SaiC AN,
Surmary and Conclusinns

The investigatiosn denlt with the analysis of »aner-ncncil l~boratory
tests in liccnnnices and blectricitys The samples consisted of students in
Physics 1, 1la, 5, and 8 at the University of ilinncsoia, 1952-53,

The normalitics of the scorc distributi ns were test.ods Hoyt r.olia-
bility cocfficicnts werce crmputed, Validity was assayced by the Davis
tcchnique, point biserial corrcelati s, and cxpert ratings, Interccrre-
1ations were computed between thoe paper-pencil tusts as well 23 between
then and othor rncasurcs of achicvencnt in physics,

The major fildings of the study were as followrs:

nyrmnlity

1, Iinany of the laboratory pre and post—tests shiowed/over a fairly wide
ringe of scores. Soug of the tost scores, however, were distinctly binodnl,.
The 1aboratory performance test scorcs were definitcly nornmal,

2+ The Davis discrimination indicces werce iahder:tely hi h for ueny
itens with the totrl test scorc as a crit.rion, The indices wore very
low 2nd with many ncgative vrlucs for the £-1loving crit.oria: labor-t-ry
perfornance, final exanationg and final grade in the eorurse,

On the basis of the dif.iculty iadices, the Exneriiionts toest wes
adjudged to be nuch mor. difficult than the othcr threc tusts in licchanics,
3¢ The Hoyt ruliability cocfficicnts for the post—tists woere gencrally
low: fron .06 to 78 in liuchanics and fro 4L to 476 in Electricity.

4¢ The point biscrial corrclations of the ilcchanics post-tost itoms

with thc performance test items were very lowy weth nost of the values
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clustering around gero.

Le The itens on the pwer-;encil tests had fairly nigh ratings from
four judg.se.

Se 'ith the cxecuntisn of the Liiscillancous test for one very smll
samle of girls in Physies 1o, thore vere significant gains in the menns
on a1l the trsts for 21l the groups.

6. Thcre wore significant differcnces between the renns of boys and
girls on the Identification, Functisn and Misccllanceus nre a2nd nost=tcsts
in ‘cchonics,

7+ The corrclations between the Identificati-n-Function and bctween
the Symbols-iicters pri-tusts were significont and generally higher thon
othcr pro=toest inturcorrclatinse They ranged in vnluc from o32 to 69

8. The rangus of corrclati ns betwieen the pre-tests and corresponding
p-st=tcsts were:

(2) o3L to .58 for boys in Physics 12, all significant

(b) +33 to 62 for boys in Physics 1, with osnly thc upner valuce

rcaching significnance

(c) 401 to .55 for girls in Physics 1, with the wmer two valucs
caching significance

(d) «30 to 59 for Physics 85 all significant
9. The Identification and Function pro-tists in lechanies and Tlece
tricity were the best nredictors of achicvonent on the swe tosts given at
the ond of the quartcer,

The Symbols pre-toest in Electricity wrs o frir pridictor of ~chicvenent
on the Identification and beters postetists,

10, The only corrcelation of appreciable na nitude boetween two poste
tests was o61, between licters ~nd Synabels in Electricity. DPresunably the

two tecsts nicasurc overlapning clinicnts,
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11, The corrclations between the paper-pencil pre-=test scorcs ~nd
other achievanent measurcs in physics were g enerally non-significant;
if significant, the valuc of the corrclation. cocfficicnts verce 1w (the
high.st cocfficicnt wis .37).

The ab~ve strtoment is equnlly amplicable to the coriclations botwoen
the post=tests and othur ~chicvencnt criteria,

12, Tho investigotion londs sunport to the hypothesis thot paper-
pencil 1~berat-ry tosts neasurc nany aptitudes and skills other than thoasc
cvalunted by labor~tory performance tests and by conventional achievenent

criteria in clonentary physicse
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i BHDTL UNIVERSITY OF MINNLSOTA -Ce

Physics la = Fall Quarter, 1952
Laboratory Performance Test

LocATTION: 51 Tiiw: 6 minutes

GIV .ig Inclined plane, stop watch, metal ball, mctur sticks

PROBLIi ¢ (2) Find the accclcration of the ball along the plane,
(b) Find the average velocity of the ball along the full length of

the planc.

LOCATIVN: 52 TI E: 6 minutes

GIV i Simole manemeter containing an oil of knovn density and connccted to
a gas jet, mecter stick.

PROBL.. ¢ Find the gas pressurc at the jet, in centimeters of mercury,.

NOTE: Specific gravity of lard oil = ¢926

CLOS: GAS JiT “MHEN FINIS,:ED

IOCATUN: 53 TI:E: 6 minutes

GIveNe A vernier caliner, micromcter calipor, stop watch, triple beam balancc,
meter stick wwith object attached,s Do not change scttin.s of any in-
strument,

PROBLulit Record the rcading and associated crror for the setting of cach in-
strunent,

LOCATICUN: 54 TI.%.¢ 6 minutes

GIV.M: Test tube Noe C equipped with a cork stopper and wire handle, oil in
test tube, graduated cylinder containing wotor, toucls

FROBL™I:t ‘“7ithout reiwoving the cork, dectcrmine the averagsce density of the test
tube and ouil,

1I0CATIUNS 61 TLE: 12 mi.utes

GIVEN:

A force table, two unknown weights L and Il sct at angls I and I res
pectively, knovn weights and wei ht holier, wirc and pulley nceded to
apply third force.

PROBLu.:  Find the magnitude and direction of thce thira force required to bal-
ancc the table, Have instructor verify balance condition,

NOTE: When finishced rcmove third force and change sctiing of movable pulley.

LOCATIuN: 62 TI' s 12 rminutes

GTv.uN: A meter stick, balance, wood block, sct of fornulas,

PROBL..:t  (a) Find the density of the block

(b) Find the crror associated with each measurcnent needed in part (a)
(c) Find the percent ¢rror in the volumc,
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e Physics 5 and 8, intcr, 1953 e
Laboratory Performancce Test

LOCATIUN: 9 TiiEs 24 min,

GiVuN: Two dial resistance boxes, reversing switch, galvanometcr, standard
ccll, unknowm emf, storage cell, tep kuy, circuit diagram and in-
structions for a dial box potentiometer,

PROBLEI.: Find the unknown emf.

Circuit diagram for location 9.

Dial box potentiometcer circuit Kecp the sum of the fesistances
3 N g Djand Dpconstant and above
g 1 20000,
D, Da o (i.ce, if you increase Dy, de-
4 v = 1:~-'\\3V(;“ crease D)
N Adjust for balance for standard
I ‘._1 G and unknovm. The unknown is
T L,, given by:
Dy, Dp = dial resistancL boxes E, = Res, of 3 for unknovm
G - galvanoneter X Bg
S - Standard battery Res, of leor standard
Sw -~ reversing switch
T - tan key

X - unknovm EiF
B - storage battery

LOCATION: 10 TLE: 24 min,

GI7eM: A slide wire, resistance box, storage cell, rhecostat, galvanomcter,
unknorn rcsistance,

PRUBL.Ii: (&) Find thc valuc of the unknoym resistance.
(b) Estimate the error in mcasurement (a).

NOTL: Discomnnect, circuit when finished.

LoCATION: Ll Tillns 12 min,
GIvN: "all galvanomctcr with shunt circuit connected, dial resistance box,
2}
-y cell,

PROBLL:  Find the intornal resistance of the galvancmetcr,

NuTZ:  No not disconnect the shunt from the galvancmeter when dismant ling
circuite.
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Physics 5 and 8, ilinter, 1953 -2 Lab., Performance Tcst
LOCATIUN: L2 TIi8: 12 min,

GIv N: An A. C. circuit board containing resistance, capacitance, and inductence
in series, A.C, ammeter, voltucter, and wattmcters,

PRUBLLi{: Find the resistancc of the choke.

NOTk: Disconnect your circuit when finished. If the fusze blows notify instructore.

LiCTION: L3 TIl:L: 12 min,
GIVEN: DeCe arxeeter and C, D, voltmeter, dry cell, unknown resistancc,

PROBL.Zi: Find as accurately as possible the resistance of the unknown. Show
clearly the method and circuit diagram used.

LOCATION: LL TIiZ: 12 min,

GIV.N: A wired circuit containing two separate dry cells, a condenser, wall
galvanometer, switches,

FROBLL}Y: Find the ratio of the 4F of cell 17 to the EiF of cell 18,

NUTE: If galvanometer does not function notif; iustcructor, D0 NOT DISTONNECT
any part of the circuit.
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