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ABSTRACT

The issue of multiple-choice (MC) vs.
created-response (CR) test-item formats was reexamined at the
e¢ighth~grade level in three subject areas: general science, American -
history, and arithmetic. In each subject area, alternate forms with
the same item-content but differing in which items were in which
format were prepared from standardized tests. Between 269 and 289
students took each form. Measurement equivalence was substantiated by
correlations corrected for attenuation between MC and CR items.
Subgroups composed by sex, intelligence, and socioeconomic status
(S.E.S.) showed no interactions with relative MC vs. CR
discrimination, but one interaction was found with relative
difficulty. In arithmetic, CR items were relatively more dlfflcult
(than MC items) for lower than for higher S.E.S. students. Comparison
of overall item-test discrimination favored the CR items in
arithmetic and history, but there was no difference in science.
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MULTIPLE-CHOICE VERSUS CREATED-RESPONSE TEST ITEMS
ABSTRACT

The issue of multiple-choice (MC) vs. created-response (CR) test-
* . .

item formats was reexamined at the eigiith-grade level in three subject
arcas: General Scicnce, Amorican History, and Arithmetic. In each

subject area, alternate froms with the szme item-content but differing

in which items were in which format were preparcd from standardized

tests, Between 269 and 289 students took each form. Measurcrment
equivalence was substantiated by correlations corrccted for attenua?ion
between MC and CR items ranging from .90 to 1.04 (mean = ,99). Sub-
groups compased by sex, intelligence, and scio-cconomic status .
(S.E.S.) showed ho’intcractions with rclatiQe_MC vs. CR disciimination,
but one interaction was found with relative difficulty. . In Arithmetic,
CR items were relatively more difficult (than MC items) for lower

than for higher S.E.S. students. Comparisons of overall item-test
discrimination favored the CR items in Arithmetic aﬁd History, but

therc was no difference in Science.



MULTIPLE-CHOICE VERSUS CREATED-RESPCNSE TEST ITEMS

LESLIE H. AuLT!

Teachers College--Columbia Univcrsity2

The widespread use of multiple-choiceltqsts in America followed
the success of the Army "Alpha" test during World War One. These
“new-typeh tests were attacked ét the time and are still attacked
now on grounds that they encourngé supérficial learning and dilute
fhe educational proccss.. Nevertheless,.thé acceptability of multiplc—
choice tests was cstablished by numerous empirical studies investi-
. gating their psychometric propbrpics dﬁring the 1920's and early %930'5.
Ruch (1929).is a good scurce feor descriptions.of many of these early
studies. A typical early study consisted of.administexing a set of
items in obcn—ended or creéted-rcsponse format, and £hen on a later day
gdministcring the seme items to the same examinces but in multiple-
choice or true-false format, with the result that éhe ”new-tyﬁc” tests
were found to have reliabilities about as high ﬁs the'creafed-rcspohse
‘test and to correlate highly with it., As Lindquist (1969) has pointed
out, thesc technical justificatibns combined with.mcchanical scoring
capability to establish the multiple-choice item as the dpﬁinant type,
a development that isnored the probability that "every type of test.
exercise is superior to eQery‘ofher type for some specifié purpose or

purposes (p. 355y .

The author is indebted to Dr. Elizabeth Hapen, under whese chair-
manship the dissertation on which this article is based was _developed.

2Now at Hostos Comumnunity College of the City University of New York,
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Since the 1930's empirical studies of test-item types or‘formate.”

have been relatively infrequent, and many pertinent studies had some
ofhcr issuc as their main purpose. A notable exception is a disserta-
tion study by Cock (1955), who reportcd correlations corrected for
attenuation of .95 to 1.00 between multiple-choice and open-ended
versions of contemporary affairs items given to coilcge freshmen.
However, the results of some studies have been less clear-cut, includ-
ing reports that American college students did reclatively better on
multiple-choice tcéts thén did British students, who in.turn did

relatively better on essay tests (Vernon, 19562); of several low--2s

- low as ,22-~-corrclations between arithmetic items from standard

multiple-choice tests and open-ended counterparts given to fourth-
graders (Williamson § Hopkins, 1967); and of higher reliability for
an open-ended geometry test than for any of three multiple-choice

versions (Owens, Hanna, and Coppedge, 1970). These reports provided

indications ‘that a further study might be worthwhile. In addition, a

systemmatic study could employ methodological improvements (such factor

analysis and one test to a subject) over the old studies. -The present
study was intended as a reexemination of the measurcment properties of

multiple-choice (MC) and created-response. (CR) test-item formats.,
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The tests were at the junior-high level, where most of the items
are suitable for translation into CR format and.wherc there is a mix
between straight factual items and one requiring more sophistication
to answer., .ests at higher grade levels have nany items unsuitable
for-translativn into CR format, while test; at lower grade levels secm
to have a preponderance of straight factual knowledge. Examples of

items in each subject arc given below.

Science

MC paired (Form R, #3): which of thc'following Qiseaées is carried
by.mosquitos? / A Cancer / *B Malaria / C Hearf disease / D “éaber-
culosis / E  Pneuwonia (p = .71, his ; .65)
‘LR pdired (Form S, #5): VWhat disease is.comﬁonly carriéd by mosquitos?
(p = .71, bis = ,65)
MC untrﬁnslated (Form R, #7; Form S, #7)}: Evaporation of water will take
Iplace fastest on a day which is / *A hot and dry. / B hot and moist. /
C cold and dyy. / D cold and noist. /_E *ariablie in moisture and

temperature. (p = .75, .79; bis = ,39, .48)

History

iC paired (Form W, 55): Patriots in the Revolutionary War received
important financial and military aid from the / A Indians, / *B chnch.
/ C Lloyalists. / D Russigns. (p = .58, bis = 57 |
CR paired (Form V, #5): From whom did the patridts in the Rcvolutionary‘

War rcceive important financial and military aid? (p = .30, bis = .80)



3.2

MC untransiated (Form V, #1; Form W, #1): The development of communi~"
cation was furthered by the inventions of all of the following men
except / A Guglielmo Marconi / B Alexander 'G. Bell / C S.F.B. Morse /

*D. Elias Ho%we.. (p = .36, .36; bis = ,55, .46)

Arithmetic

MC paired (Form Y, #1): Jim cuts a 15.,6-inch length of Copper.
pipe iﬁto 6 equal lengths. How many inches long is each piece? / A .026
/B .26/C 2/* 2.6/E 15 (p= .74, bis = ,53), |
CR paired (Fdrm X, #3): Jim cuts a 15.6-inch length of copper pipe
- into 6 equal lengths., How many inches long is each piece? (p = .49,
bis = ,74)
MC unfranslatgd (Ferm X, +#38; Form Y, #38): Which of the following
products must be en odd numbexr? / A 99,918 x 95,9i7 / B 99,918 x
99,921 / ¢ 99,926 x 99,921 / D 99,926 x 92,926 / *E- 99,929 x 99,933

(p = ,46, .46; bis = .44, .SS)



O

ERIC

Aruitoxt provided by Eic:

METHAD

Specially-made tests with MC and CR items were prepared in General
Science, American Hjstofy, and Arithmetic, The items were taken from
the Educationzl Testing Service's Ccoperative Teéts, with many of the
original MC items tuoanslated into CR format. In each subject area,
two alternate forms were assembled with the same item-content but dif-
fering in which items were in which format. Tﬂus each test form
contained (a) somé items. in CR fqrmat appearing in MC format in the
alternate form, (b) some items in MC Tormat appeuring in CR format in
the alternate form, and (c) some items appetging in MC format in
both f_orms7 -The items in the last group“ceculd ﬁot be translated into
equivalent MC items, but were used as 'anchor" items. On the presurp-
tion that CR 1tems would take longer to answer than MC items, a few
items (least desirable statistical&y).were-dropped from the original

test forms in order to maintain the same time limit for administrative

‘purposes. Further details are given in Table 1.



Item Categories, by Form

TABLE 1

Science History Arithmetic
form: R S v W X. Y

Item Categories
‘(8) CR wifh MC pﬁir§ 16 16 18 | 18 16 16
(b) MC with CR pairs 16 16 18 18 16 16
(c) MC untransleted 18 18 . 24 24 13 13
Total items 50 50 éO 45 45

60
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The examinecs were the entire eighth grade in a suburban New
York séhool. The tests were administered on scbarate days for cach
subject arca under the direction of the regular teachers: The tests
were disf;ibyted with the alternate forms in alternating order during
the normai class period with a 40-minute time limit. Most students
tool one test in cach of three subject areas, but somc’took only two
tests, soﬁe only bne} and a fcw‘nohc, depending on their attendance

pettern.

In addition, sex, age, intelligence, and sociov-economic status
(S;E.S.) were obtained for the students. .Scx and age Gere suppligd
by the students on the cover of the teét booklets. Intelligence test
s;ores were obtained from the school records in the form of stanincs
on the Lorge-Thorndike, or from other teét results in a few céses.
S.E.S was based on father's occupation (with reference to father's

education and mother's occupation and educaticn where helpful) as

'supplied by the students on the test booklet and as listed in the

school records. A thrce-level categorization was made using Clau

and Duncan's (1967) table broken into thirds.

- .
A summary of the numbers and characteristics of the samples by

test form is shown in Table 2., Sowe of the differences were notice-

ably large, but none were statistically significant at the .01 level,

permitting comparisons to be mude across equivalent samples.



TABLE 2

Numbers and Characteri tics of Examinees, by Form

Science History Arithmetic
form: R S V W X Y
Total Number of LExaminces 289 274 284 276 276 269
Examinee Characteristics
% Male | . 49.1 59.5  53.0 54.0  54.0  53.5
% Age 13_ 83.0 78.8" 77.5 83.0 81,1 78.8
Intelligence: mean :
stanine - 5.66 5.47 ° 5.63 5.38 5.66 5.43
standard deviation 1.87 1.75 1.81 1.79  1.74 1.87
S.E.S.: 3. upper (%) 24.9 22,6 23,2 24.6 24.2  25.3
2. middie (%) 37.0 37.6 39.1 35,5 37.0  36.8
1. lower (%) 37.7 39.8 37;3 39.9 38.4  37.9

Note: Age, intelligence, or S.E.S. was not known for no more than two
students per test form, '
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The students answered directly in the test booklets by circling
the letter corresponding to their ghoicc or by writing in a word, phrase,
or nuwber, The correct answers to the CR items were typically short
and fairly concrete, making their scoring higﬁly'objective. The scoring
was checked by comparison of cedes gﬁvcn by two independent scorers for
a ﬁamplc of 20 tests for cach form. Aftcr.corrcction of a few scoring

inconsistencies thus uncovered, the remtaining “scoring error'" on CR

“items amounted to 12 errors cut of 2000 entries-tolerably low. The

scoring error on the MC items was 5 errors out of 4200 entries, either

transcription mistakes or hard-to-judge circles,

T}

vy



RESULTS .

The analyses of the data were aimed at four main questions: .(1)
wvhether MC and CR items provide equivalent measurcment, (2) how MC
and'CR item; corpave in item~test discrimination, and whether there
are¢ any differencces among subgroups divided by sex, intelligence, and
S.E.S. between MC and CR items in (3) difficqlty and (4) item-test

discrimination.

Measurement Lovivnlence of MC and CR ITtoms

———— et s

The simﬁlc and direct way to investigate measurcﬁcnt.cquivalonce
is to correlate scores on the MC and CR items. 7This was done wi:;in‘
éach test form, with thc.MC items divided into the “paircd” and "un-
translated" catcgories. As shown in Table 3, the six corrclations
between tﬂe CR and MC-paired subsets ranged between .66 and ,80 raw,
but between .90 and 1.04 (with a mean of .995 after correction for
'attcnuation. In additicen, moré often than not the CR items.cdrrelétcd
more highly with the‘LC—untranslated itcﬁs thaﬁ did the MC-paired items,
thus providing no indication of differcnces between the formats. On
the basis of the correclations, the MC and CR formats d}d provide

equivalent measurement in this study.
The issue of measurement equivalcnce was also examined by factor

analysis., For cach test form, a principal components analysis with

varimax retation was performed on the matrix of tetruchoric correlations

ERIC
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Item Subset Difficulty,

Reliability, Intercorreclations,

TABLE 3.

10.

by Form

amae

Science History Arithmetie
form: R S v \7 X Y

CRepaired: .

Mcan difficulty 039 035 26 019 39 . .39

KR20 Reliability 72 W71 276 69 81 .78
MC~paireds

Mean difficulty 57 o060 51 050 «56 251

KR20 Reliability 073 74 66 70 74 W75
3-!C-=\1:\t1~an:;1£1teci: |

Mean difficulty 253 .52 036 38 046 .42

KR20 Reliability 0?74 077 670 070 75 080
Intercorrelations:
CRh-paired, MC~puired

rav 66 oG9 70 W71 .80 .80

corrected for attenuation 90 .95 .98 1,02 1,02 1,04
CE’."DE\jI‘Odq. MC untranslated |

raw 072 071 <04 064 . .74 071

corrected for attenuntion o098 g2 092 <89 097 095
Miepaired, }C-unironslated _ _

rav 68 70 063 062 073 . <73

092 05 088 . 292 290 .90

corrected for uttenuaiion




O

ERIC

Aruitoxt provided by Eic:

11,

among items, in an attempt to identify possible format-related factors.
For five of the six test forms, the second and third factors accounted
for only 3-4% of the variance (the first factor is typically a strong p

factor associated with whatever the test is measuring) and showed no

[ J
~relationships with item format. On one of the History tests (Form W),

the second factor accounted for 10.3-4% of the variance (the first factor .

is typically a strong factor associated with whatever the test is me

‘measuring) and showed no relationships with item format, On one of

the History tests (Form W), the second factor accounted for 10.3% of
the variance and showed a marked relation with item format in both the
unrotated and rotzted structures, with the MC-paired items highly positive,

the MC-untranslated items positive, and the CR itecins mostly negative in

their loadings. The result on Form ¥ is interesting but unconvincing as

a valid format fuctor in' view of the rosults on the other five test forms,
There is reason to associate the factor with very difficult CR items,
which occurred in greatest numbers on Ferm W and contributcd most of the

negative loadings,

Relative Discrimination of MC and CR Items

-

The relative discrimination of items in MC and CR formats was
examined by comparing the item-test biserial and point-biserial
correlaticns for cach "item-pair' in its MC format and in its CR

format., The summary of ‘these comparisons for each subjecct area is

shown in Table 4., In Scicnce, there was very little difference
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between the MC and CR formats in discrimination, using either the
point-biserial or biserial correlations., - In Arithmetic, on the other
hand, both measures favored the CR format in discrimination, In

History, the comparison using point-biscrials showed no difference, but

the use of the biserial correlation showed a substantial difference

in favor of the CR format. This discrepancy resuited from the fact
that many of the CR items in History proved to be very difficult;
the point-bise¢rial, unlike the biserial, is harkedly affgctea by the
proportion correct, 'ﬂ1e§e comparisons‘can also be judged roughly

from the reliabilities shown in Table 3.

T

. aret i —

Subgroup Differences in MC vs, C Difficglty and Disﬁriminaf%gg
Despite overall uniformities, fhere is the possibility that dif-

ferent groups may pérform differently as a function of item format.

This was investigated for subgroups.composed by sex, intelligence,

and S.E,S, For this purpose, the students were divided into'two

‘roughly equal groups on intelligence by stanines 6 and above, and 5

and below, Item analyses were performed for each subgroup scparately,

and comparisons between thém made using the difference in difficulty

"and in point-biserial correlaticn for the MC .and CR formats of each

item pair, There were no significant diffcrences between subgroups

in relative .(3C vs. CR) discrimination, but there was one significent

‘interaction in relative difficulty. OCn Arithmetic, the CR items

were relatively wore difficult- (than the XC itens) for lower S.E.S.
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TABLE 4
MC ves CR Item Discrimination Summary

(Bntriecs are based on HC minus-Ci discerimination for each item-
pair, using point-biserial and biserial iten=-test correlations)

Rumber of items with diffcrence of:

el2 0r o0 to «w0 to =12 or mean

more oll ~s1ll more  difference £

Scicunce:

point=biscrial 6 11 10 5 <008 o)

biscrial -7 8 8 9 ~o017 ©69
Higtory: : )

point-biserial 6 11 10 9 -o002 209

biserial 4 6 . 5 21 ~ o006 3.,86%*
.Avithmetic:

point-biserial 3 9 12 8 -o043 2,11

biserial 5 6 7 14 -s07% 2,10*

¢« p < ,05 »+« p {01
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stu@ents than for higher S.E.S. students. A logical exﬁlanation is
that this effect was related to the overall differencé in disérimina—
tion in favor of Arithmectic CR items. However, S.E.S. correlated
enly.in the .30's with the total score and dlsé with intelligence, .
vhich in turn correluted .72 with thé-total scoré.but shovwed a
weaker and non-significant differential difficulty.. Possible

explanations arc greater computaticnal accuracy or greater tendency

" to check one's answer among higher S,E.S. children.

DISCUSSION

The present study supports -the commonly-held notion that MC and
CR itciis provide equivalent mcasurement. Where discrimination among
examinees is the main purpose in testing, as wherc grades are to be

assigned or for correlational studies, the evidence.suggests that

MC items can bz used in place of CR items without disrupting what the

test is supposed to measure. Such is not the case where an ebsolute

rather than a relative standard is sought, as with a criterion test or

where the concept of 'process levels" is considered important,

The suggestion that CR items may provide bettér discrimination

‘than their MC counterparts--at least in Arithmetic and American His-

tory--is importent for mzasurcement theory. The effect, of course,
would be to improve test rcliability by using CR items instead of

MC items, which would be desirable if other things were equal. However,

14.
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there arc also considerations of nass scoring and administrative time,
Obvicusly scoring time.becomes more important as a consideration and
favors MC ifems as the numbers of examinees increase, Present mechani-
cal scoring capabilities for cértain typcslof CR answers, such as
.

described by Lindquise (1969), ave promising but unavailable for routine
use. It would be. uscful for some future rcseérch in MC vs, CR compari-
sons to einpley such machines and thus exert préssurc for their continucd
development., Administrative time assumes importance in that CR items
apparently require more time than do MC items, This extra time could
also be used to add itcms to an MC test, thereby incrcasing'reiiability
.to perhaps the same level as provi&cd by.a CR test within the sare

testing vime, In the present study, estimntes indicate approximate:
equality in reliability for MC and CR items basgd on eqﬁal administrative
time, but it is unknown whether the time-per-item could have been reduced
somevhat without unduly affecting overall reliability, ‘Iﬁ the Owens,
Coppedge, and Hanna (1970) study, administrative time was cqual and
" the CRAversion was superior in reliabil&ty 10 ény of the threec MC versions,
Further research in relative MC vs, CR.discrimination should pay close
attention to optimual administrative timgs, as weli as examine the effects

for other subjcct areas, age levels, testing settings, ard types of tosts,

Aruitoxt provided by Eic:
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