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The Measurement of Laboratory Achievement#*

# Under contract N8 onr-66213 with the Office »f Naval Ressarch, Project
NR153-146

Part TII. Paper-pencil Analogs of Laboratory Performance Tests
Haym Kruglak

University of Minnesota, Minneapolis 1L, Minnesota

Abstract

An attenpt has been made to convert laboratory performance tests inin essay
and multiple choice itams. Preliminary forms of the tests were administered
to about 160 elemantary physics students. 'It was found that tue multiple-
choice was the least difficult of the three tests; the performance-- the most
difficult. The correlation coefficients between relatively complex performance
items and their papor-pencil analogs were very low. The correlations between
the items dealing with specific skills and paraliel paper-pencil tosts were
low to rroderate. The preliminary study supports the hypotiesis that paper-
pencil tests are p.or substitutes for performance examinatlors.

Introduction

Few experienced physics teachers would venturs tc predict on the basis
of conventional tests what a student will accomplish when confronted with
instruments, avparatus and méterials; and yet the widespread use of paper-
pencll examinations is based on the assumption that ability to solve a
yroblem on paper is highly correlated with the ability to solve the same
problem in the shop or laboratory.

The results of earlier studies - have indicated that: (1)performance

tests appeared to measure outcomes other than those sampled by the conventlienal

1
H. Kruglak, Aw. J. Phys. 22, 1954
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achievemsnt tests in physics and (2) paper-pencil tests dealing with
specific skilis in the laboratory were only sliphily related to perlorrn.ince
teste containing more gencral and difficuli tasks. Ii 1t were possible 1,
construct papsr-pencil items that were highly correlated with parallel
performance tasks, then the measurement. of laboratory achievenent would be
greatly simplified.

The Problem

The major problem of the study could be stated as follows: To what

extent is the ability to solve 2 laboratory problem on paper related to 11Lm au‘él&izé_

8olve the same problem using apparatus and materials? The

"same™ inplies parallel content, objective, method, conclusion or resulis.
The investigation sought the answers to a muber of sub-problems: (1) 1Is
there any difference between the essay and multiple-cholce rtests with
analopgous items? (2) If two laborztory tests are taken :sccessively, which
produces the greatest practice effect cn the other, ths parformance or
paper-pencil test? (3) Are thare any laboratory activitics which lend
themselves to evaluation by paper-pencil analogs better than other activities?

The investigation was carried out at the University of kiinncscta
during the Vinter quarter 1953<5lL. Since many of the experimental conditions
wed e far from ideal, the study should be cinsidered as exploratory and its
findings far from definitive.

Tho Experdmentsl Procedure

d. Test conetruction

It was decided to construct tests that would sample three t.pes of
labcratory achlevement: a complete laboratory problem familiar to the student
from his laboratory work during the quarter; an original task unfamiliar to
the s.udent but involving rclatively simple instrumental manjpulations; a
group of specific skills and technlgues. Each of the thres parts was to ba
prepared in three forms: porformance, essay ani short-answer, and multiple-

choice. The preliminary drafts were .repared by the writer and Ur. R. V.
Stuart. The items were criticizad by Profs. C. Neo w2il and G. D. Freier.
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In designing the items three criteria were ured as guldes.

1le The items should be reprasentative of the achievement csomincnly
axparted in the sophomors piyslics laboratory.

2. The 1ltems should cover specific as well as general skills,

3. The paper-pencil items should be as analcgous as possible to the

performance taskse.

After a greau deal of rewriting and many conferences betweon the tast
way accephable toc all concerned. The essay and multiple~cholice forms wers
mimeographed; location cards were made for the verformance test. FPhotographic
reproductions of the given apparatus, meter faces, wired circuits, etc. were
multilithed and assauvleu iuto a booklet uo accompany the paper-pencil tests.
The description of the given apparatus and the statement of the problem were
idantical for the three forms.

The test dealt with tha laboratory aspects of Klectricity. Part 1
called for the measurement of an unknewn resistance by the wheatstone bridge
method. In Part II the problem was to identify concealed circuit eleaments
inside a three-~terminal box by using a vclimeter and a dry cell. Several
gpacific skilla were included in Part III: reading a muliiple range mater,
identifying a wired potentiometer circuit, identifylag five pieces of
electrical apparatus by name, symbol and function, and drawing schematic

diagrams for two wired circuitse. A major diffecrence betwern some of the

peiformance and paper-psmcil tasks centered about the collection of experimental
data: in ths laboratory the student was pretty much on his own; for the essay

and muivi.pie chodce portion of tho test, the data had to be pressuntsd

a2 in

tabular form and the instrument readings by means of photographs. The

statement of the problem in Part. II of the test is roprodu

ced below. Fig, 1

accompanied the essay and multiple chcice forms,
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IOCATION: 2L TIME: 213 wmin.
CIVEX: Box with 3 terminals laboled A, B, C., voltmeter,
dry cell, connecturs.
Between any two termiasals inside the box there are the
following possible circult elerents:
(a) Single resistor »f 10 to 50 ohms
(v) Single low resistince cell with an enf of about

1.5 volts

;

:
:
:
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(¢) A heavy coppsr les! (zer;: resistance)
(d) An infinita resistsnce (open circuit)
The resistanc: of the vc/tmeter is about 200 ohms.
PROBLEM: (1) “hich of the ".erminals are connected by
concealed circuit elements?

(2) Identify the elearnts (resistor, battery, etc.)
inside box and craw a schematic diagram of the
nsworke.

HINTs It is possible tc connact the given components in
any manner without damczing the apoaratus. For
exsmple, some of the pcarible circuits are shown below.
NOTEs To get cr:dit you must skateh schematic diagram of
circult vsed, record the daia, and state the conclusi~ns

based on -he data.

When instructor signals, move to lucation 35.
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Insiert Pig. 1 approxicrately nere

b. _Test pomlation
The test populaticn consistad of 83 studants in Phyaics 5-a course for

premedica -~ and 82 students in Physics 8, mostly Institute of Teclinology
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najors. The subjects in Physics 5 had completad twn quarters of physics
with Colliege Physics by Sears and Zemansiy 25 & textbook. The lecture
material included topics in mschanies, heat, and alectricity with the
sxception of alactroniecs. 7The Physics 8 texthook wap Analytical kxperimental
Physica by Lemon and Ference. The students in Physics 8 had coiioleted
machanics, hea. and magnetostatics, electrostatics. elactromagnetism and
Ohm's Law. Both gro.ps had performed six experiments in sisciriciiy oub of

Physics Lebcratory Manual by Wall and Levine: Eleciri¢ and Magnstic Flelds,

Joulet's Law, Condenser Capacitance, Galvanometer Sc¢nsitivity, wheatstone
Bridge, and Potentiometer. 7The students worked in the laboratory in p:drs
and submitted a weekly written repert which w g graded by the laboratory
ingtructor.

c. Tesat administration

The experimental tests were administered during the last labor:itory
psriod of the winter quarter. On the day of the test the students reported
to & classroom where the luboratory insiructor divided the section at random
4nto two groups. One group followed the instructor tuv the laboratery and tock
the performance test durdng the first half of the period; the other group
remained in the classroom and was administered the paper-pencil tssts.

During the second half of the period the testing procedure w:s rsversed.

Thus all students were requirei to take tne performance test; one hall were
given the essay foym and the remaining half the multiple-choice test. The
administration time for each beat was 52 minutes, with 26 minutes zlloted for
‘the wheatstone bridge problem and 13 minutes each for the other two partse.

The allcted time appeared to be ample for the paper-pencil tests; the students
were somewhat rushed in Part III of the perforrance examination. The order

of problem presentation was aiso randomized in all the three forms of the test.

de Tast scoring

A detailed scoring key was worked out jointly by Proi. Wwall, the writer,

the laboratory rupervisor, an the fiv2 laboratory assistants in the two
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courses, Tha teaching sasistants had themselves tal'en tho paper-pencil and
performance tests and were thorcughly familiar with the problems and the
apparatus. Esch assistant graded one part or section of the perfornance cest
as well as its essay analog for all the students in both courses. The weight
distribution for the three parts were: LO points for the vheatstone bridys;
30 points for the dlack boxj 30 points for the miscellaneous skills., The
usual correction for guessing was applied to ths multiple~choice acores.
Since all the items on the multiple choice had nc partial credi’, allowed,

only the total scores on each part of the three tests were comparible.
Analysis of Data

fe__Comparison of samples

In accordance with the testing procedurs there wers four samnles in euch
of the txo course populationsg xlm- fi73t, performance seconi; Ez-essqr
second, performance first; Hl-mxltiple-chcicn first, beri‘ormance second;
uz-m'-.‘ltiple-cho‘!.ce sacond, perforrance fi:ste The anal&sis of v:riance wa:
applied to the scores on the performance test and final examination for the
preceding quarter in each of the two courses. No statistically significant
differences were found between the varisnces and the means of each four
samples and therefore they were adjudgel to be randem samplcs {from the rame

normal population as far as ablility in physics was c¢oneerned. buch samp.e in

Phyeics 5 was compared with the corresvonding sample in Physics 8 on the

experimental laboratory testse No sijnificant differences between the varlnces

and the means were found on the perfurmence test. Of the four comparisons o.

the paper-pencil tests oily one w:3 significant. The scores of all the sub.ets
in Physics 5 on the performances tost were compared with the scores of all the
Physics 8 students on this test. No statistically significant 4285 . aas

were Pound hetwesn the varirnces or thz means of the two groups at the 1§ -

level. Consequently, it vas reasonable to assume that the Physics 5 ind 8

groups werre of coriparabla ability and zould be pooled su as to increa:e the
size of the samples.
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be Correlations between the lLest parts

The corrclations tetween the three parts of the tests ars shown in
Table l.

Ingert T=ble 1 approximately here

Mcst of the correlation coeffici.ntz are not sigrdficantly different from zero;

those that are have very low values. From the nagnitude of the corrslations

it was ceonclucded that the thrse parts of the tesis were sssentially independent
of each othar as had been the intent of the test constructors.

Se__Comparison of the total scores on the three test fomms

The standard deviations, means, their resyective differences, and the

correlations betwsen the performance and paper-pencil test scores are
reproduced in Table 2,

.

Ingert Table 2 approximately hore

The differences in the variabilities and averapges iovr a given sample could be
accounted for by the ordsr of test administraticn, iy the difference in ths

nature of the two tests, or by both factors. It is ‘easonable to assume that

there are no measurable differences between the four namples on any of the
three teste; thus, group E_ had an average of 48.5 an! a standard deviation of
1L.9 on the performance te;t, while group !2 had an avirage of 47.5 and a
gtandard deviation £ 12,5 on the same test; the difi‘grances betiieen the two
respsctive measures were not significant.

A Sumparigon of the averages of the three groups to whom the three forms

were adminiatered first shows a hierarch - of difficulty. The averages for the

multiple cholce, essay and performance were 65.6, SU.9 and 8.5 respectively.
The differsnces beiween multiple.-cholce and each of the oth'v tmy vesns

were significant. Ths difference beitween the essay and periirmance means . s

not sipnificant. In addition, there was a significant differince betwgen the
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giandard deviations of the muliiple~-choice and performince tests. These two
forms can hardly be considarwd equivalent.

The data alezo indlcate that the practice effects ars much more
pronouncad in the cas2 of the performance tests, i1.9., taking the essay test
first produces a grsater difference in the mean of the performance test than
the effast of the revcrse order of presentation. The effect of the maltiple

choice is more proncunced than that af the essay. A likely interpretation i
tvhat the essay and auitiple chofcs forms ccntodn pc:s:‘.blé e :ggestions for the
answers; the practice effect duer'the performance experience is much smaller
with respsct to the two paper-pencil forms and is almost the same for both.
The megnitu“es of the correlation coefficlents support the above observationsj
the correlations are higher for the groups who took the papaer-pencil tests

first. However, the valuas of the coefficisnts substanilats the low degree of
relationship betwesn porformance tasks ana their paper-pencil analogs.

de__Comparison of part scores
The statisticel summary fcr the three parts of the tests is shown in
Table 3. The wheatstona bridge problem was the easiest eon the performsnce

test and most difficult as an essay question. This shows that the reproduction

e
=

Ingert Table 3 approximately hore

of a previoualy lsarned sld1l *a apparently easler than the grasp of the
underlying theory. The black box was very difficult as a practical problem
and relatively easy as a set of maltiple choice itens. It is mere than likely
that thes evaluaticn of originai thinking 41e limited by the presence of the
correct anawers and the systematic analysis of the prublem by a series of
items. Thers was little difference between the outcomes on the miscellaneous
skills part on the three forms. Actually, in teorms of the test construction
thess sid1is could bs more easily imitated on paper than the other two

problems. For the purpose of reading, tiieé photugraph of a meter face is almcst
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as good as the meter face proper., Again the correiaiions ara highesat for

this part of the test.

R

Conclusions

In viex of the experimental limitations of the study soveral trends,
appear to be supncerted by the data.

le Performance 5ests anc their paper-pencil analogs differ in difficuity
as aeasured by msan scores. The multiple choice form differs significantly

from either the essay or ths performance tast.

2. Thsre is a gain on each test caused by previsus administrasion of one
of the other forms. The gain is greater for ths periormance test than for
sither of the other two {orms.

3. The low values of the correlations betwsen the performance test scores
and their paper-pencil "equivalents™ indicate that the latber are at best emiy
crude approximationsz to the evaluation of ability to deal with laboratory materials
and apparatus,.

4o The relatively smail differences between the means of the paper-pencil
and performance items designed to evaluate very specific skllls suggest that
paper~-psncil analogs in this area might be successfully constru:sted and evaluated.
However, the best techniques for approximating the real situations must be
used,i.e., photographs of apparatus, three-dimensional drawings, models, etc. 2

5. The multiple-choice form of a laboratory test is probably the least

suitable type for evaluating originality.

Summary
Three forms of a lahoratory test in Electricity werc constructed and
administered %o vre-medical and engineering students at itiae University of

Minnesota, The items on the essay and multiple cholce forms were made 23

analocous as wossible to the corvesponding performance tests. Extensive use

P e e LS B RS W TR R e A

was made ui puobogresitic vecriiiique to simulate the actual labor tory situations

on papers The best relationshi; wzs oblained for the part of the test dealing

e

with spscific skills. Tha paper-pencil itests which prec=acd
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the performance tests resulted in higher scores on them. There was in
general a low degree of relationship between the performance and other
formg of the test,
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Table 2, Standsrd deviaticms, means, differences end correlation
coefficients for three laboratory tests8, CUniversity of
W rnesota, Physics 5 and 8, 1953=5is.

Group N Test Order So De Difference Meen Differencge r
Essay first 1.9 5409 b g
2 °
B 3 Performance Second U7 ° 594
Paerformance first U9 L85
By Ly 2 2.5 .30%
Ecsay second 12,9 61,6
Multipie choice first 18.4 65:6 -
Ny n 3.3 2,5 263
Performance second 2.7 63,1
Performance first 12,5 47.5
X Ly 3.6 . 220%™ W7

Biltiple choice secand  16e1 715

b ”
U . (e —

" Stguificant at, the 1% level; ™ Significant at the 5% level
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. Table 3, Standard deviatimisy msand, aiiferences, and correlation coafficienie
for parts aof tne laboratory tasts. University of lMinnesota, Physics
S and 8, 1953=5s
Group N Test Order Pary # Se Do Difference Moan  Differcace T
I 9.8 20,5
3ol 9.5 o 36%
iI 807 30,0
Essay firet To6 11,9
g, X o3 ST o9
Performance secaxi To3 6.2
juny 3.9 22,6
1L.5% o6 055"
Selt 232
1 10. 4 29,2 "
L6 L6 - 05
S08 2.6
Perfcimance first 8 § het . 21 -
32 L7 2.0 12,0 027
f Eesay second 6.6 il
| In 5.6 1701 .
1,0% & g, o™ JELt
Iloh 2203
‘ I 8.5 2517
g L7 w* ot
; 0.6 30,1
]
Hultiple choice first yu g 9.2 18,5
wo , 3.1 0% oAF
Perfornasnce sacond 12,3 i, s
,- I1I 6.7 21.2
é 08 '02 0?5**
5e9 2ok _
-~ 8
I 9.0 27.8 i
1.0 2.5 203 4
8.0 25,3 E
Performance first 1T 3.9 1.8 '3
L uh 605" 20.6™ .07
Multiple chcice second 104 22.4
T 4,0 27:9 '
105“ 509** 9117”’* i
L!oll 23,8 {
,‘. ST
! # 1~ wheatstone bridge; LO points #* Significant at the 1% level

IT ~ black bex; 30 points

JIT - miscollaneous skilis; 30 poiuis
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* significant gt the 5% leval
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