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ABSTRACT .* . . ‘

N v Forty three-option multiple choice (MC). statements on
a midterm examination were converted to 120 true-false (TF)
statements, identical in content. Test forms (MC and TF) were
randomly administered to 50 undergraduates, to investigate tne ¥
validity and internal consistency reliability of the two forms. A
Ruder-Richardson. formula 20 reliability was‘computed'for each form.
Rgldability of the MC form was then adjusted with the Spearman-Brodn
formuXa to egdate testing time, sSince the MC form took three-fourtas
as'much time to complete as the TF form. Adjusted reliability
coefficients of the TF and MC forms were .80 and .73, respectively.

. To,cCémpare validity, a Pearson product moment correlation was

( c&m.utgg between test score and grade point av rage; . validity
coeffjcients were .49 (TF) and .52 (MC). Results support the use of.

~ TF tedcher made tests as alternatives tp MC tests with no loss in
‘reliaﬁi}ity or validity. However, as previous studies have snown,
thesesrlesultsare not obtained when MC items are revised and the
range of the TF form is Festricted. (CP) =
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\\ The advantages and disadvantages'of muyltiple-choice and true-false

formats have been studied by a number of- 1&Lest1gators (e.qg. Nunnally, b

ry

\1964; Karmel, 1970; Blood & Budd, 1972). One advantage cla1med‘for
the true-false (TF) test is that it allows a more eff1c1ent sampling
of courSeycontent.' Proponents of the mult1ple -choice (MC) format

however, argue that this advantage may be. offset by lowered rellablllty

_coeff1c1ents that occur primarily as the result of guessing on, TF

'

items. Evidence 1is avallable*to support the contention that reliability

(Oosterhof & Glasnapp,‘1974) if not validity (Frlsble, 1973, 1974) of -

] 7

. the MC test form is hlgher than that of the TF test form.
f

Empirical comparisons of the TF and MC formats, however,~have been

beset by a number of methodological problems. Oneﬂserious difficulty

1s that greater care is often given to the preparatlon of MC items

than to TF items. For example, more MC than TF»tests have been 1tem

analyzed and revised prior to their belng compared (Frlsble, 1973 1974-

Oosterhof & Glasq?pp, 1974) . It would be expected that if MC items

3

were more exten51vely revised than TF items,, the relrablllty of the MC

'form would be h1gher. The present study employed tegcher made tests in
~ ﬁ

which the MC and/TF items were not d1fferent1ally 1mproved

To further Qompl;cate matters, TF items are often constructed

.

from parallel MC. items on e1ther a one-to-one or .on a twp\wo-one ba51s-—
either one or two questions berng generated from each MC 1tem.
~ ¢ Resultant test forms then'have contained as many or twice as many TF

as MC items. However, even*at a ratio of 2:1 TF:MC questions; an
. / ' | /_/ = . \ . ‘ - .
estima¥e of the hypothetically lengthened TF form reliability was o

' o
‘necessary to equate testing time (Oosterhof & Glasnapp, 1974). }

-
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" * - Frisbie (1973)'sug§ested that use 'of a longer TF test would probably

increase the variance of the TF scores and produce a better estimate of -

‘the relationship'between MC and TF forms, The present study converted

each'{hree optlon MC statement to three separate parallel TF statements,

\ «

obv1at1ng the need to. adjust the rellablllty of the TF form to equate

\testlng tlme and providing £6r increased varlaﬂte of the TF scores.

, .
: 5 -

" The expectatlons for this study&were- - » : y

[

1. when MC 1tems are converted 'to TF items, the internal
consistency reliiabilities of. the two forms do not d1ffer

slgnlflcantly s

2. When testing time is equated, reliabilities of the two fdrms
do not differ significantly A

fﬂ3.: Valldlty of the two forms does not d1ffer s1gn1f1cantly QTJN

N\

To reduce llkellhood of Type" II errors, null hypotheses required

rejection at . the .10 rather than the .05 level.

: - : - . s o
R T ﬂ  ®  METHOD
o | - N
Subjects . «
Tl ~ °
] ’ " This study was conducted during the summer quarter of 1977.

-

Flfty undergraduat enrolled in a required 1ntroductory class in \
~té ts\and measu eme at the University of Washlngton served as séijects.

Subje ts were nai at the time of testing regarding the nature of
r&\
)

reliability and the relationship between MC and TF item formats.- *\\

4 ST . - - 9
Instrumentation . o : . !
- . : v {

<

A MC and TF form of a midterm ekamination'were constructed for

the olass; Items on the two forms 81ffered An format only, the content

\
being 1dent1cal in evéry instance. . Each MC question was converted to

.
three‘TF questions (two fagse TF statements and one true,TF statement)

;that correspondlng’MC and TF 1tems were as Eompaqable as
1 - . .

“ {

~/

A




possible in reading'time and in other aspects, the stem was included

in each optlon of the MC 1tems as it necessarlly was in each TF item.

The convegsion process is illustrated_by the following example;‘

MC item; Circle the letter correspondlng to the best statenent
for each 1tem. [ ?
i ' 2 .
.a. The mode may have more than one value in the same

dlstrlbutlon. . »
b. The range may have more. than one value in the same
distribution. . s

c. The standard deviation may have more than one Value
1n the same dlstrlbutlon. : (
TF item: Circle "T" if the statement is true and "F" if the
' . statement is false. L .

-

1. T F The mode may have more than one value 1n the
.same distribution.
2. T F Th® range may ve more than one "value in the :,
' same distribetzgn. Y ‘
3. T F The standard /dg¢viation may have more -than oneQ

/ value 1n the/same distribution.. 1
Pl

- il ' N
» .
. .o,

Each test was then divided into three equal parts. Each of the Lk
N ‘

Ny
ar

three TF items corresponding to a MC item?wai placed on:a separatef‘“,
part. This was done in an attempt to minimize dependency between

' response to a TF item‘and response to a similar previgus item.
Items on each pj%t were then randomly ordered. All students were
1nstructed to‘'complete part one and hand it 1n; then to pick uphanq_’\
Acomplete the second and then the th1rd part. Items stressed apﬁlica—'

. tion and interpretation of concepts rather than nemorization,oﬂ

o . -
fadts. - The MC midterm consTsted of 40 questions: 14, 13 and~ 13

” .
r

items on each part; the TF ﬁidterm had 120 questions, 40 items on

4 4

each part. Test forms were'randomly ordered and distributed to

studerts.

<
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The class was given 90 minutes to complete the exam. .+ Since
. 3 -
all sub]ects finished within this time speed was not considered to

be a factor influenCing performance. Sub]ects were interrupted

- after 12 minutes and asked to c1rcle the number of the item on'

which they were working TheSe data were used to determine ‘the

& - >

number of TF items answered per MC item.

S

The students cumulative grade pOlntS were used as an external
12 ~-

/
criterion f%om which a concurrent vi}idity coefficient.was calculated.

' "o
]

C i E
Y 4 . -
£y

o FESULTS @

ER
I'd
{

a Kuder—ﬁichardson&formula 20 reliabili%y coefficient was

-

computed for each of the two test forms. The reliability of the
N

MC test was then adjusted with the Spearman Brown formula to equate

’7

testing timé€. Since sub]ects respor d to ‘1.19 MC items and 2 85 TF

a . .'f
~1tems per-minute, the TF test took l 25 times as long to cd\plete -

~

as the MC test. The reliabili Yy esti e of the MC form was - .

adjusted by. this factor.A Means, stant ard deViatlons, reliability

coeffic1ents, andvthe correlation between each test form and GPA

N

are presented in Table l.l A statistiLal test of the hypothesis that

reliability coefficients associated With two different measqiement K

>

procedures are equal has been developed and empirically examined

by Feldt.(l969); The statistic is based on the assumption that the

‘'scores_on k parallel parts of a test instrument conform to the SN
sumptions of the twoefactor random model of analySis of Variance-_

a normally distributed populatidn randomly sampled and homogeneity

of Varrance for the parts of the .test., The difference between .
b4
¢ ot

i
the reliigglitiéﬁxof the MC and TF form§ was tested using- this

~
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statistic and was not found to be sdgnificant (W=1.35 with'23‘and

24 degrees of . freedom). '_ ’{ . »
To compare the valldltles of the two forms, a Pearson prdﬁuct -
Ky nt correlatlon was calculated between test score and -GPA for
each testfform (Tabke-l) The dlfference was’ tested us1ng a Flsher s‘

Z transformatlon, the obta;ned value of 2z=.13 not reachlng slgnlflcance

A 4 : ) N

M v ¢ ‘..0‘ »oy .
— I : Tahle‘l" ‘ . : T
h »- IS R BV ' ' B
Item _ g # .0f Unadjusted Adjusted R '
. . Format - .X s N 1temsgg «  KR20 ., '(w) KR20 tw) rXQGPA Az
‘_' . . 1% . . v o \X l\(“)
TF 85.80 9.80.25 e %2”5 y;w' ,( 80)- . . 49 '
. . ) k N SRl N . ’ _
: RS [ (k.6) - (1135 /.
MC 29.12 4.30¢ "25 % . .73 Y L A
: - v L . S L
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The ratlo df QF to MC Items nksponded to per unlt\t;me‘Ln this

-

“_study (2.4)" dlffers fJom thOSe report?d by. Oosterhof and Glasnapp (1.73)

% .
and Frisbie (1. 5) (1974) ~:This finding supports Frisbie's (1973y "

e RN N
statement that dlfferent student groups and- dlfferent %xamination

N

3 A a

topics may produce varlant‘response patterns. Since'three TF-items

- ’ Y

are theoretlcally equlvalent to one MC item, one would p051t that -

! ) the ratio of _TF: MC 1tems answered per unit t1£2 should approach the
4 (o . ]
ratio?of number of MC optlons 1 if readlng time, were constant Models
: »
o
of the optlmal number of ch01ces per 1tem have assumed total testlng

' “

time to be proportional to the numher of ch01ces per 1tem but

G

.

emplrlcal studles gncludlng those ﬁéferenced above -have shown that
: <

TF and MC item types do not'satlsﬁy this assumptlon.
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.The TF:MC ratio found in this'study is higher than that found

)
-

in previous studies. -This suggests that students spent comparatlvely

less time per TF iteém or _comparatively more ‘time per MC item. The

t 7/

format of the MC 1tems dlffers from that standardly Esed and may
have slowed students' -processing of the MC items.
Results indicate that rellabllltles of the TF forms can be as

hlgh as reliabilities of three~optien MC forms. and can be as effective

»

/7. in measuring classroom achievement. These results contradlct other _

\%/////flndlngs regarding the rellablllty of the TF formg; ThlS d1fference

K L
may be due in part\to the use in thlS study of a“TF test which was

’

‘ longer than the -MC test and allowed a better estimate of- rellablllty
< for th1s form. The smaller(number of items on the MC form was likely
to be ‘a posS1ble/factor in 1ts lower obtained rellablllty Scores

wetre not . corrected for gueSS1ng and the range of the TF form was not
- n
restricted ‘as it had been in previous studles. Rather7 the rahge’

~
. ’

of the MC_form was comparatively‘restricted. Differing also was the
method of comparing"fdrmats, the present study\employing all options

-* of corresponding MC items as TF items with no known 1n1t1al b1ases
g

in item dlsbrlmlnataon. Another factor favor;ng helghtened rellablllty

.

of the TF form was ;he ratio (.67) of itemsrkeyed false to those

keyed true. Frisbie (1974) suggested that false items éenerally
discriminate 'better than true items, 60% false being suggested as

a possible optimum (Ebel, 1972). 1

Results of this study provide‘support for the use of TF teacher-

made tests as alternatives .to MC tests w1th no loss 1n rellablllty or
y 4
Valldlty. However, as preV1ous studies- have shown, tﬁese results

-

» are not obtained when MC items have been subjected to revision and
J . ) . > P




L ~ the range of the.TF form is restricted. It is suggested that a
further Eémparisoh of formats be made in which both kypes of itéms‘

. have been improved and matched¥ for difficu{ty and discrimination
- levels, Also, furthgr investigation is suggested varying the numbé&r

of TE items used as MC options and varying the ratio of false‘to

true TF statements.
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\\ The advantages and disadvantages'of muyltiple-choice and true-false

formats have been studied by a number of- idLestigators (e.qg. Nunnally, -

ry

\1964; Karmel, 1970; Blood & Budd, 1972). One advantage claimed'for
the true-false (TF) test is that it allows a more effic1ent sampling
of courSeycontent.' Proponents of the multiple -choice (MC) format

however, argue that this advantage may be. offset by lowered reliability

_coeffiCients that occur primarily as the result of guessing on, TF

'

items. Evidence 1is available*to support the contention that reliability

(Oosterhof & Glasnapp,‘1974) if not validity (Frisbie, 1973, 1974) of -

. the MC test form is higher than that of the TF test form. '
f

Empirical comparisons of the TF and MC formats, however,~have been

beset by a number of methodological problems. Oneﬂserious difficulty

is that greater care is often given to the preparation of MC items

than to TF items. For example, more MC than TF»tests have been item

analyzed and revised prior to their being compared (Frisbie, 1973 1974-

Oosterhof & Glasq?pp, 1974) . It would be expected that if MC items

3

were more extenSively revised than TF items,, the relrability of the MC

'form would be higher. The present study employed tegcher made tests in
. ﬁ

which the MC and/TF items were not differentially improved

To further Qomplicate matters, TF items are often constructed

.

from parallel MC. items on either a one-to-one or .on a twp\wo-one baSis-—
either one or two questions being generated from each MC item.
C oy Resultant test forms then'have contained as many or twice as many TF
as/MC items. However, even*at a ratio of 2:1 TF:MC questions; an
estimate of the hypotheticall; lengthened 'TF form reliability was. ,f

-
L)

-

- * ’ °
N :

: o
‘necessary to equate testing time (Oosterhof & Glasnapp, 1974). }
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" * - Frisbie (1973)'sug§ested that use 'of a longer TF test would probably

increase the variance of the TF scores and produce a better estimate of -

‘the relationship'between MC and TF forms, The present study converted

each'{hree optlon MC statement to three separate parallel TF statements,

\ «

obv1at1ng the need to. adjust the rellablllty of the TF form to equate

\testlng tlme and providing £6r increased varlaﬂte of the TF scores.

, .
: 5 -

The expectatlons for this study!were: - » : ' a

[

’ L oo N :
1. wWhen MC item&'are converted to TF items, the internal
consistency reliiabilities of. the two forms do not dlffer

slgnlflcantly s

2. When testing time is equeted, reliabilities of the two fdrms
do not differ significantly A

}C3': Valldlty of the two forms does not dlffer s1gn1f1cantly QTJN

N\

To reduce llkellhood of Type" II errors, null hypotheses required

rejection at . the .10 rather than the .05 level.

: - : - | S \or
RN T fﬂ °  ®  METHOD
o | - N
Subjects L r
Tl ~ °
] ’ " This study was conducted during the summer quarter of 1977.

-

Flfty undergraduat enrolled in a required 1ntroductory class in \
~té ts\gnd measu eme at the University of Washlngton served as séijects.

Subje ts were nai at the time of testing regarding the nature of
r&\
)

reliability and the relationship between MC and TF item formats. “\\

4 ST . - - 9
Instrumentation . o : . !
- . : v {

<

A MC and TF form of a midterm ekamination'were constructed for

the olass; Items on the two forms 81ffered An format only, the content

\
being 1dent1cal in evéry instance. . Each MC question was converted to

. P
three .TF questions (two fagpe TF statements and one true,TF stgtement).

chat‘oorresponding’MC and TF items were as Eomﬁaqable as
[ . ]

“ {

~/

4




possible in reading'time and in other aspects, the stem was included

in each optlon of the MC 1tems as it necessarlly was in each TF item.

The convegsion process is illustrated by the following example;‘

MC item; Circle the letter correspondlng to the best statement
for each 1tem. [ ?
i ' 2 .
.a. The mode may have more than one value in the same

dlstrlbutlon. . »
b. The range may have more. than one value in the same
distribution. . T

c. The standard deviation may have more than one Value
1n the same dlstrlbutlon. : (
TF item: Circle "T" if the statement is true and "F" if the
' . statement is false. L .

-

1. T-F The mode may have more than one value 1n the
.same distribution.
2. T F Th® range may ve more than one "value in the :,
' same distribetzgn. Y ‘
3. T F The standard /dg¢viation may have more -than oneQ

/ value 1n the/same distribution.. 1
o 4 ’ )
Each test was then divided into three equal parts.. Each of the ) -
. > 3
three TF items corresponding to a MC item?wai placed on:a separatef‘“,

ar

part. This was done in an attempt to minimize dependency between
' response to a TF item‘and response to a similar previgus item.

Items on each pj%t were then randomly ordered. All students were

1nstructed to‘'complete part one and hand it 1n; then to pick uphand_ *

complete the second and then the th1rd part. Items stressed apﬁlica—'

. tion and interpretation of concepts rather than memorization of.

fadts.- The MC midterm cons1sted of 40 questions: 14, 13 and;lB

” :
v

items on each part; the TF mldterm had 120 questlons, 40 items on

e ]
each part. Test forms were randomly ordered and dlstrlbuted to
studerits. _ : T

&
.
'

<
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The class was given 90 minutes to complete the exam. .+ Since
. W -
all subjects finished within this time speed was not considered to

be‘a factor influencing performance. Sub]ects were interrupted
el after 12 minutes and asked to c1rcle the number of the item on'

which they were working TheSe data were used to determine ‘the

4 x

number of TF items answered per MC item.

S

The students cumulative grade pOlntS were used as an external
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criterion from which a concurrent vi}idity coefficient.was calculated.
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- : a Kuder—ﬁichardson&formula 20 reliabili%y coefficient was

computed for each of the two test forms. The reliability of the
N

MC test was then adjusted with the Spearman Brown formula to equate

’7

testing timé€. Since sub]ects respor d to ‘1.19 MC items and 2 85 TF

- 2 1 N
~1tems per-minute, the TF test took l 25 times as long to cd\plete -

~

as the MC test. The reliabili Yy esti e of the MC form was. - .

Ai' adjusted by. this factor.f Means, stant ard deViatlons, reliability
coeffic1ents, and the correlation between each test form and GPA
' are presented in Table 1.. A statistiLal test of the hypothesis that
;ﬂ} ’reliability coefficients as50c1ated With two different measqiement
; ' procedures are equal has been developed and empirically examined
by Feldt.(l969); The statistic is based on the assumption that the
) ‘'scores_on k parallel parts of a test instrument conform to the
L?f' : sumptions of the twoefactor random model of analySis of Variance-_

Y
i . a normally distributed populatidn randomly sampled and homogeneity

of Varrance for the parts of the .test., The difference between
b4

the reliigglitiéﬁxof the MC and TF form§ was tested using- this
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statistic and was not found to be sdgnificant (W=1.35 with'23‘and

24 degrees of‘freedom)._ ' ._ 'i : o

'To compare the validities of the two forms, a Pearson'prdduct
. (
nt correlatlon was calculated between test score and -GPA for
each test form (Tabke-l) The dlfference was’ tested us1ng a Flsher s

Z transformatlon, the obta;ned value of 2z=.13 not reachlng srgnlflcance.,
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— ‘ ‘ X ‘ : Table' 1’
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Item _ g # .0f Unadjusted Adjusted . '
. Format - .X s N 1tems€&f] ~_ KR20 . “(w) KR20 tw) rXQGPA ‘(z)
. A 1% n \X f‘{r_‘.; ‘,
TF 85.80 9.80 .25 i ‘\h e go ,( 80)~ ., - 49 o
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The ratlo df QF to MC Items nksponded to per unlt\t;me‘Ln this

-

*_study (2.4) dlffers fJom thOSe report?d by. Oosterhof and Glasnapp (1.73)
& . .
and Frisbie (1. 5) (1974) ~+This finding supports Frlsble s (1973) "
RIS 4 Ta O

statement that dlfferent student groups and- d1fferent xamlnatlon

3 v ', a

topics may produce varlant'response patterns. Slnce three TF qtems

PO ’ - “,

are theoretlcally equlvalent to one MC item, one would p051t that -

the ratlo of _TF: MC 1tems answered per unit t1£2 should approach the
, C . 1
ratlo’of number of MC optlons 1 if readlng time, were constant Models
: »
o
of the optlmal number of ch01ces per 1tem have assumed total testlng

G

' “

time to be proportional to the numher of ch01ces per 1tem but

.

emplrlcal studles gncludlng those ﬁéferenced above -have shown that
' <

TF and MC item types do not'satlsfy this assumptlon.
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.The TF:MC ratio found in this'study is higher than that found

) » -

in previous studies. -This suggests that students spent comparatlvely

less time per TF iteém or _comparatively more ‘time per MC item. The

t 7/

format of the MC 1tems dlffers from that standardly Esed and may

&

have slowed students' -processing of the MC items.
Results indicate that rellabllltles of the TF forms can be as

hlgh as reliabilities of three-optien MC forms and can be as effective

/7. in measuring classroom achievement. These results contradlct other _ ~

1

‘J////f;ndlngs regarding the rellablllty of the TF formg; ThlS d1fference

K L
may be due in part\to the use in thlS study of a“TF test which was

’

‘ longer than the -MC test and allowed a better estimate of- rellablllty
T for th1s form. The smaller(number of items on the MC form was likely
" to be ‘a posS1ble/factor in 1ts lower obtained rellablllty Scores

wetre not . corrected for gueSS1ng and the range of the TF form was not
- n
restricted ‘as it had been in previous studles. Rather7 the rahge’

~
’

of the MC_form was comparatively restricted. Differing also was the
method of comparing"fdrmats, the present study\employing all options

-* of corresponding MC items as TF items with no known 1n1t1al b1ases
g

in item dlsbrlmlnataon. Another factor favor;ng helghtened rellablllty

.

of the TF form was ;he ratio (.67) of itemsrkeyed false to those

keyed true. Frisbie (1974) suggested that false items éenerally
discriminate 'better than true items, 60% false being suggested as

a possible optimum (Ebel, 1972). 1

[

Results of this study provide'support for the use of TF teacher-

made tests as alternatives .to MC tests w1th no loss 1n rellablllty or
y 4
Valldlty. However, as preV1ous studies- have shown, tﬁese results

-

» are not obtained when MC items have been subjected to revision and
J . ) . > P




Lo the range of the.TF form is restricted. It is suggested that a

a

further comparison of formats be made in which both types of items

. : 3 Y
-~ have been improved and matched¥ for difficulty and discrimination
- levels, Also, further investigation is suggested varying the numbé&r

of TE items used as MC options and varying the ratio of false to

true TF statements.
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