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\v‘ A Quantitative Review.of Research on
; Multiple-Choice Item Writing - o

_Thﬁmaé M. Haigdyna and étgvgn M. Downing “ ‘ : :
The American College Testing Program ,
. ona City, IA 52243 ‘ e

X _ ABSTRACT -
- P . g » ¢ ' :
In a previous study the authors idenPified 45 item-writing rules for

mdltiple-chioce cests,.pﬁgsented by authoérs of

- textbooks in educational

measurement. fbg‘cu:rent étudy':eporis'a quantitative re#iew'of the o
. R - . :

literature with rgspectatd the empirical and theoretical evaluaton of':heEe-,

principles of item griti;g. _ . | .- A ' }

\

-~

»  Fiftyrsix studies phat addressed at least one of the 45 item-writing

rules were identified. Twenty-one (472) of the’rules have been studied
empiricéliy; twgdty-fdur (5}2) item-writing ruiés have no empirical basis., -~
The optimal number of options was thi|mosc f;equ%ntly sgudied ;;le, with
‘lg stuéies cited. The ga;or geqeralizgtipn from these studies is that three

.

¢,

options maximize test reliability and efficiency.
*

-~

Type-k items were evaluated in eight studies. Results ssggest that
: /a 3 = A

-

compared to single—answer multiple-choice items, type-k items are more.,'

difficult, . provide clues to "Some examinees, and decrease test reliability and

. ) ) .
efficiency. Eight other studies suggest some empirical basis for keeping iné

" length of the keyed option about the same as other options. All other rules

) “ et
. r’ -

®

‘“This review suggesfs~that the majority of the commop principles of .

had six or fewer studies. -

multiple~choice item writing are not empirically based. -.Current item-writing

practices remain more art than science. '

. \
. \ :
A paper presented at the annual meeting of the American Educational Research
*Association, Chicago, I[L., April 1985, . o
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Most multiple-choice item writers receive initial j#struction from any

number of textbooks that deal with educational or psychological gesting.' The

A .-

sun of knowledge about muléiplé-chpice ftem writing is not found in any single

reference but exists as lore passed down from generation to generatien through

.. ‘ .
these textbooks. Despite many advances in test thepry in recent years, such -

as generalizability theory (Brennan, 1983), and item response’tieory (Lord,

1680), item writing has nof yet advanced far as a sgience, although a number
‘. ' Y . . :

of theories of item writing have been proposed (Bogmuth, 1970; Roid and

<

Haladynaf 1982). ' ) .

The present study is the second in 4 series of studies concerning
) - ‘ . ' ~}
multiple-choice item—writlig practices. Tihe objective im the first study-

. L]

(Haladyna & Downing, 1984)‘was.to examine these textbooks and identify Lhe
. ’ . ’ . N @ .

.ccre‘ofgknowlédge about multiple-choice item writing. The objective in this

©

. ‘ L i - ‘ﬁ:
second study 1s to examxns the research base that supports item-writing

. . . : £ ) . ) .
practiceg d4s promulgated in these textbooks. The studies date from 1925 to

: " L . -
1984 and span a wide variety of test content, educationsl levels, test types,

| . .. 2. C .
and, of course, item-writing practices. Quantitative methads were used in an

<
»

effort to.synthesize the results found in the studies. Before these are

.

discusscd, bowever, the Haladyna and Dowming (1984) study will be reviewed as -

v . a"
a means of presenting the basis for the present research,
L} .

N .
? -
. .

An Analysis of Knowledge About Multiplg-choice Item Writing

TR A : ‘ » - .
Thirty-five textbooks that represent a wide range of perspectives and

periods in edycationgl testing have been identified (see Appehdix A).

] b t

Instructional statements were identified in thase textbooks, and organized by
. ’ w

six fundamental categeries: (1) general item-writing advice--content congerns

(2) general item-writing advice-~counstruction, (3) item advice focusing on

stem construction, (4) general advice focusing on option construction, .

© .
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-t The researchers identified which

. i ¢
. T 'R
¢ L]

. : ' ' . ' R . -
(5) advice foEus§ng‘on construction of the correct option, and (6) advice .

. focusing on the construction of the distracters (iffcorrect options).

~ . .

~

passages in each textbook discussed
‘t . . ' . 1 *
multiple-choice item writing, and classifiqd all of the instructional

e oo . : . 7 - .
“statements contained Q““ these passages. It was possible to construct an

.author-by=~rule magrix and observe the number of instructional statements made

-

by each textbook™author, the frequency of gccurrepce of each rule across all
. , A

.
”~ .

textbooks,” and the number ol diffgrenﬁ'rdles that exist®d in the textbook

- . ‘ 4

L4

L - . :
literatyre, : ' <.
. Q“‘ * 3

' Initially, 50 rules_weré identified.  Upori closer examination, the list

Nk

was refined to 45 rules, agd éhese formed the basis-for the present study.

.

Table 1 ;ummarizés-tng 45 rules actording,té the six categories previously °
¢ , : ' . '

digcussed. | : : I : ! ’ o

. ; C . : N

.

0f these rules, 14 were identified as appearing most frequently. Three .

)

of these rules could be gdnsidered’ eneral advice, eight as.advice on option
2 g 3 P__l

| . - . -
cons@ruction, and the remaining three suggestions on distracter comgtruction.

Interestingly, many of the most frequently’ sed rules are the kind that are
o« ® . -

4 »~

¢ ©

the type of rule that is based largely on common sefse -and -i$not easily

empirically testable (e.g., "avoid items based on opinions" or "make a good
. .." oo "y . ’ ) . * * : T .
transition from stem to option'). = ( : - .
P % '
With respect to the frequency with which these rules are cited, J&bel

~ o ' .
'(1979) led all other textbook authors.  However, he cited only 58% of all

o

rules. For other authors, this percéntage of citatiof of all rules ragged

downward to 292. . : . g

rs

-

‘empiricaily testable (e.g., avoid the use of "none of the above"), rather than
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Finally, ;ﬁe’fesearcherS'identifie& the number of sitationf to research

-
-

. on hultiple-choice itéq writing that each textbook contained. The number of
. . . . ~ . .. a i

" citations ranged from zegfo to ‘24, with a médiap of 2.5. ' .

-

Thus it would appear that a bedy—of knowledge does\ggist for multiplé-'\

«

. “choice item writing. Most au:hors,_however,NSO not appear to .use the research

N .

‘litérature to sdbstantiate théir advice. They may instead depend on. what they
. . - -t vt

have learned through courses they have taken, experiences in item writing; and

] - . . , ' -
other sources. -

d - e
i . The present research study was a natural congequence of the firstJ The

., . - . e e,
objegﬁﬁve of this study, as mentioned earlier in this paper, was to.explore
- VAR . ! . : -
-~ the research basis fFor these instructional statements on item writing. Moreé

specifically, three questions were addressed in the present study?

¢ e . o

1. How many.studies deal with these item-writing rules?

( 2. Which of €he item writing rules have been most often studied?

3. For the rules that have been most often studied, what’

conclusions can be drawn regarding their validity?

, ) . '
» .
A ) B . . $

' - - . -, <METHOD .
L o | X
Design of tne Study L ‘ e

[

This review is quantitative in the sense that the number of studies

.
. -

PN . -
reported in the literature and the frequency with which item-writing rules

- .

have been studied are its central foci. Rirther, results were evaluated in- ’

‘ - »

terms of ratings of effects rather than by cther more ‘subjective methods.
£ v * ) ]
. This procedure is a middle ground between -the more traditionad review
_procedure and meta-analysis.  The former type of research method is flawed by ,

~

the problem of subiectivity. The latter requires a large number of studies

-
# B

and data that can be aggregated, neithersof which could be dbtained for this

L]

review., It was not possible, therefore, to use meta-analysis techniques.

.

- s
- - . " ) . | 6 ' L/ T

-

1
‘.
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Search Procedures ‘ X A

N . - D . -

The search Eor research stuidies dealing wath any of the 45 1:em-wr1t1ng

. 3

‘rules began wzth a computerxzed literature search ‘on the t0p1c "item

) . » : .
writing. Each of the papers identified was revlewed and was extherqaccepted

. o i ) \ . ‘ ‘ . . . ' -
or rejected for further consideration. Many papers dealt with theoretical

-

approaches no item wr1t1ng, such as those found in Roid and Hala%yna (19823},
and these were eliminated because these item-writing rules we;!«not the

‘qoncern>of this review.- ‘References from those zapers included in this siudy

e
L4

were examined for leads to other studies. Thi$ process assured that most
? . . .

relevant research was identified and included in the présent study.

Method for Classifying Studies .

¢

coded 1nc1uded (1) sample size, (2)” tesc length, €)) type of test
' (z.e., standardized achxevement, ‘classroon achxevement, or &ptxcude*abxlxtys

(4) approximate educatxonal leveél of the exzaminees, (53 rules studied, .
4 _ : : . ' Y '
(6) methodological problems, and (7 a rating for each criterion involving

H
each rule.. . B
> o N .

L 4 ’ ) - . 3 3 » 4
Results were evaluated on the basis of six criteria‘typically used 1in

-
¢

,these studies: (1) item difficulty, (2) item discrimination, (3) reliabili%y,

(4) validity, (5) efficiency (the time it takes to complete'a test), and (6)
test score variance. : i : :
Both autiiors of the presenc'g?udy validated the rating form by

C e . . . . , . L
lndxvxdually.?aCLng five studies and comparing ratings. The findings showed

-

concurrence, so the balance of these papers were divided for ‘review, , If the

course of synthesizing these studies, all studies were reviewed again, and

. [ . .
discrepancies in classification were resolved through mutual agreement.
3 . . ) : ' .

3 : .

e ’

A coding sheet was used to c%assify eéchuétudy. The Dypes-bf information”.
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Analysis of Results .

-
- - ! - *
. : -~ -

B
- . - -~
n . . . ) B

To answer the study question about how many*studies- address item-writing

rules, the number of papers rated was counted. This simply providéd an

.

overall measure of what kind of attention item-writing .research has received

. .« . L, * v : - vk o
in the empirical literature. ' . < )
¢ . H ) . A
2\

rule had;been studied. A frequéncy distribution was created for the 45 rules.

-~ .

- L
& .

« It was more difficult to draw z:::fusions‘about the validity'of‘rules, N

which was®the point of the ;hifa reseérch'ﬁuestiop. All studigs with a

frequency of two or more were subjected to additional review to determine if
( . .

-
rd

any conseasus gould-be found among the studies.. The intent was to discover if

‘the rule had analftical or’theoretical'suppor; as well as empirical support.

) - ' ’ - . [ ] S ,
For some rulesy it'was possxb}e.tu synthesize all studies that discussed the

rule. : B | \$>\
e . . >
M N - ‘ [ - ‘

s &
“ RESULTS AND DISCUSSION 5

<9

¢

hl

Lhatgéddté&sed at lea%&dgne of the 45 item-writing rules. These studies

varied widely. with respect to types of tests, tess lengthé, sample sizes, and

educational levels of samples. All of these studies were published between.

-

1925 and 198h5 As the availability of computers improved studies in the 1970s

-

and 1980s, the-method bfﬂsca:i;tical analysis changed significantly.

S N - 4 ' . , ]
Nonetheless, some of tHe best designed and most comprehensive studies were
cumpleted in the 1920s. h ‘ © .

\ Table 2 provides the frequengy distribution of. the rules “studied most

*

often. As shown there, only the rule dealing with the optimal number of

-~
-

options has received major attention, while five other rules have received

’ ¢ - .
: : -8 . :

the second’ question dealt with the fréquency with which each item-writing

To answér the first>question of this study, 56 studies were identified

¢

Y

n
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e, 4 -

_ ‘ ( ’
‘moderate attention. All other rules were citdd four or fewer times, seven

« [

‘. ‘s

rules recexved only one.citation, wh11e 2& rules were not cxted at all. The

balance of‘this‘section will be devoted to discussions of the research on the

4

v

. L L
. .

most frequently studied rules. - % : .

«
é -
L

Rule 26: Use three, four, or five options'for an item, A

-

‘Studies .of the ideal number of options can be divided into two discrete.
. BFoups: (a) ‘theoretical afd analytical, or (b) empirical. Each will o

A ,

. L) , . '
discussed in turf. A s L !

The ‘earliest study of gption nulpber, was bf Lor&'(194¢),,who deveIOped.a

. _ | . ,
formula for predicting ohanges in relliability as arfunction of the number of

‘ r !
optxons added toa multxyle-choxce item. Lord's data suggest that three-

' option items are optimal. Tversky (1964) deveLOped three critaria

(dxscr;mxnabflxcy, power, ‘and xnformatxon of. a test) to evaluate the number of

'choices‘it°a multiple-choice item. He concluded that (1966 p 390):,
Whenever the amount of time spent on the test is.prOportional
.to its total number of alternatives, Lhe use of three
alternat Pves at each choice point will maxxmxze ‘the

g amount of 1nformatxon obtained per time unit.
. ]

i

|
This finding has been supported. in subsequent studies by Ebel 1(1969),
- X 9 L

Grier (1975; 1976), .and by Lord (1977). Lord's study (1977) is most .
informative about the point at which three-option test :items are most

’

effective., Using itém response theory, Lord presents item efficiency curves

to show that the three®ptiop item provides maximum information in the mid~-
\ ! ' D]
range of the score scale, while the true-false item provides most informatidn

-

-

. =
#¥or high-scoring examinees and the four-option or five~option item provMes
. - . i * - - ]

the most information for low-scoring examinees. This is an interesting and

-~ .

T . ' ) ’l --. ' . ' . "
important observation that takes into agecount the prominence of guessing among
- low-scoring examinees. (And‘ of course, the four-option or five-option item
’ . . ‘*q * .
ofters more protection against guessing.) Because high-scoring examinees are
' W ' IR

e \ 8 ' ) f‘h .
6 ) '

»
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. “variance, and efficiency.

. & [y T ‘ | . Y ) % .
less likely'td'guesf,'twp bpcioub are sufficient for them. For most

.

r

“examinees, provxding chree optxons appears to be optxmal. g .

~

|

. Test rel;abilxty is the only index of overall test qualxty compare& zn

. e -t .

all empzrxcally basec studies on the optimal number of optxons for multxple-

choxce items, Other’ characterxgtx:s.of items amd tests ;ompared in these -
studias were item.difficu[ty and disctimination, validity, test%score
. N W , - Y ‘ o . L

Reliability., Table 3 presents reliabiiiby coefficients for the ten

. E LI : .- . o .
studies that report reliability coefficients for tests with various numbers,p{

’

options. These reliabilities are computed by different formulas under the

conditions.of various test lengths, sample sizes, educational ievels, and test-

A * »
CO!\CQI}& .

Table 3 shows that reliability is,'in general, a monotonically increasing

i
1 L A

- |

function of the number of options, but that the imcremental gain in
. . } .

. , Al )
reliability is small when more than three:options are used. The authors of

" -

. . o ) 4
these studies donclude that when efficiency is taken into account-<the extra

effdrt needed to create additional options, and the extra time needed for

v . *

students to respond to longer items--either thrgé or four options maximize

»

reliability., - ' - "
- .
. Efficiencx. Several studies «xamine efficiency for various numbers' of

. options., Efficiency is variously defined from "absolute time to complete!. to

the relative efficiency of informatioh bits gained per unit of time. For

. . e / ,
example, Williams and Ebel (1957),conclude that two of three options are most

o

‘effi¢ient, but in an earlier study, Ruch and 'Stoddard (1925) state that two or
4 ' . .
five options maximize efficiency. In ‘general,-these studies conclude that

»

three or four options are most efficient.
. I P

-
.




¢

-

. ,
? * s
. “ C . - :
. . . -
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Item difficuity and dxscrzm1natxon. Severai studies report item ‘.‘_{;%
dxffxcutty and discrxmxnatxen, and the results are ‘mixzed and contradxctory. . | :‘.;

_ For example, Charles (1926) reports that £ive Option items are the most |  y{
‘difficult and.cwo Option‘items e;e tbe least difficult. Costin (1972) reports e

relxabxlxty is shown to vary dxrectly with the number of optxons from two to

-

52

"with the type~x (multiple true-false) format. Therefore, éomparisons with
. \ )

e

)
no dxfferentes in item dztizculty or d;serzmxnazxon between three and four

optxynsz Park . xnd Somers (1983) show no dxffeéences in dxffxculty between

.t -

Eour and Eive option ftems.- Straton‘and Catti (1980i,:ompare two, three, and
\ ~
! .

four options and report -that chree-eptxon and four-opt1on xtems %Fe nearly

L]
.

equél in difficulty, but that three-option items discriminate better than
/r ” - -

four-option items. - N

- oy

o In summary, the rela}ionship of the number of options to test reliability

“is the most Erequently'studied-item writing practice. In general test

. T
-

-

five. However, the xncrementél gain in test relxab;llty when a fourth or .

fifth option is added is very small, 1In ge?eral; these sc¥dzes show that test
, " ' . . ‘ ’ . w
efficiency is to be maximized by three or four options. Item difficulty and : .

-

discrimination show mixed results for two to five options and no con.lusions .

13

re warranted. Velid%ty wrs studied in only one study (Ruch. & Stoddard,
1925}, which'showed~that five options increased criterion-related validity.

P 4 '

Rule j@ Avozd type-ﬁ 1tems. i

.

‘

Of the s;udxes 1nvolvxng type~k items, all but one involved comparisonms

» .
conventional multiple-choice were limited to two studies, but the ‘other '
, ) . o~
stud&gs, invglving the x-type items, provide additiongl insights about the

4

type-:k' o . T oy . . ' : -

"Parker and Somers (l§83) compared the type-k format withbeuf-cptjon and

five~option multiple-choice items, and- found the tyge-g formar more difficulr



* . i
) N -~ 8 .
-

than the other two Eormatsa Hughes and Trimble

as(weLl as less relxable
- :
" (1965) compared a precursoraof the type-k format where the bp:xon “both arce’

correct” is used., Their fxndxngs'xndxcaced bxgher relxabylxty fqr :he‘“both"
Difficulty was =’ N -
& ~ y

v s
option as well, as hxghet variance of test scores.
L I S
In a repixcacxon, they found that ‘the "both”foptan, whena, '

LY

" unaffected.
.t » ' F »
ompared to a conventxonel £ormat, xncreased relqabxlzty and varxance and alsn
AT s

A second replxcatxon yxelded reswl:s szmllar

droduced morz difficult 1:ems.
. s P -.,
|

to those of the first. repL&catxgn‘-more difficulty and greater relxabxlxty.
Thls contradxcts’the finding
'-’ . 3 - & .

;  No effect on item dzscrxmxnaczon was detec ed.
of hzgher Eplxabxlzty for this Tormaq.‘because xtem dxscrzmxnacxon and
»

~n

' .
-

*

P [N

reli abL11ty are functxbnalf} relaced.
The results of the studies 1nvolv1ng type-k 6hd t)pe-x xtems are somewhat
P

e,

Further, this research ‘is somewhat confounded because scorzng systens«

'0

’ mixed.
for type-x 1tems vary sxgw1f1cantly, and bncause the chance levels for type-k
B ' g '.\

»
.

5.

! and type-x items are not the same, which maikes testﬁseale comparisons somewhat
, . . * L .
» ’ o

' : problemat1c. _
Regardxng item dxffxculty, the results of the. studies are mxxed, perhaps
Aibanese, Kent, o]

owing to the varxety~of scoring methods for type-x formacs.

t
i "

and Hhxtney (1979), Harasym, Norris and Lorschexder (1980) and Kogp:ad,
Brxggs, Bryant, and Kolstad (1983) report the type~k format produced easier L
%

-

1tems, while Albanese, Ken ,‘and Nhitngy (1977) found the opposxte.T,None of
ign. Three studies { .basnese et al.,

. these studies addressed item discrxmznat1np.
’ ¢
19773 Albanese et al., 1979; and, Harasym et al., 1980) all reported lower

. -~
- R
-

reliability.with the type~k forma:, while only Hill and woods (1916) regort no
With' respect to validity, enly )
. P T

“fereﬁces between type-k and type-x formats.
, st&dies W(Hill & Woods, 1996; Albanese et al., 1979) reported no

L

.[‘ s
aifferences. £




In summarizing these results, it must be noted that the paucity of

studies comparing type-k with conventional multiple=choice items is a serious

[y

limitation. However, these studies present some strong arguments against

1

type-i’formats.- | x

+
s

« 1. 'In most circumstances, this format seems to produce more difficult

itehs.‘.ALthough increased difficulty need not be a problem, it can be if not

taken into account when a test with both type-k items and items that have

<
.

otherlformats is assembled. . L o
2. The suspxcxon that type~k items provide clues is shared by Hsrasym et

al;, (1980) and Albanese (1982) who offer_eyjdence in support of this

bélief. It appears ghat, unlike‘knowledge about the truth of a pri@ary

option, knowledge about the falsity of an option helps eliminate the secondary

choices in the type-k format.- It therefore seems very possible that type-k

items help clue examinees, partitularly low-scoring .ones. However,‘cbis.needs

to be more extensively studied. .
o - - . " ” - . °
3. It is clear that type-k items are less reliable in most instances.

» 4, Perhaps tae most. compelling reason for rejecting the type-k item is

that it is more inefficiept to construgt and more laborious to read. More of
the conventional multiple-choice items than the type-k items can be given per
unit of time. . B ’ | 7

‘S; Finally, the finding of Hill and Woods (1976) that students prefer x-
type over k-type cannot be ignored. Afthough hardly a sufficient condition,
face validity is certainly necessary in the choice of a test formag.

Rule 29: Keep the length of options fairly consistent.

Eight studies concerning-the effect of presenting the keyed option as the
g - t . . =
Longest alternative were reviewed. All of these studies evaluated the effect

of the key being the longesé opkion on item difficulty, while some studies

10

13
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~ 'aggo evaluated the effect of this flay on item discrimination, test- .

i

-

\' Lol [ - ‘ I. - -
religbility, and concurrent validity. -_

Yl

Béar&lhnd whitney (1972) found that length of keyed‘opiipns made| no

overall ﬁiﬁférence‘in test difficulty: However,.they also found that less

able s:q?égﬁs tended to use the ciue of longer keyed opgipns more than :Bler-

students. Both test.féliability And concurrent vaﬁiqicy were decreased'by“:he

length flaw. In.the design of this study, cojrse final exsmiﬁat{on/score was -
. . : ‘ . /

used 4s a blocking variable.’ _ -/

_Chase {1964) also found that the 1epgtp'of.the correct apﬁidﬁ ?ad no

effect on difficulty, but concluded that the_;gsponsg set to select the

longest option interacts with item difficulty., For more difficult items, ¢

then, students tend to use the length clue, but for easier items they do not. .

All other studies reviewed concluded that the length flaw produced easier

items. Jones and Kaufmarn (1975), in a study of response set, found that

<

higher-sg:;ing students use the length clue more that do lower—scoring
studentg.. An internal total test score criterion was used to block high and
low-scoring students jin this study. i

Evans (1984) and Strang (1977) found longer keyed options to be easier

> - ., . . ) o7
, than sh&ﬁier«keyed options. Dunn and Goldstein {1959) and McMorris et al.

‘ ,
(1972) cgﬁgluded that the length clue made items easier, but had no effect on
. 2
reliabiiify aﬁd&yalidiny. Weiten (1984) also found thehylonger keyed
S 2 N \ p
altegnative to be easier, but there was no effect on item discrimination, test

-
4

reliability, or vali?ity.
In summary, most studies conclude that the use of long correct options

{

. * i 3 .
makes items easieri In the only two studies that)note no such effect, student

ability was used as a blocking variable with contradictory results. The
]

difference in measures of student ability used in these two studies may

[}

. - . 1 /
v . ' « s . 14 - . . /
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Rimland {1960b, concluded that "none-of the above" increased itgry .
(1965) also

no consensus about the effect on item discriminatiop. Only one study -

j ' } — '
account .for the contradxccory fxndxngs. This item writing flaw lowers test - -

reliability and concurrent valxdxty in only one of the exght studies rev1ewed.

Rule 30: Avoid the use of "none of the above"

A total of six studies that discussea the use of "none of the above'" were
reviewed. These studies esamined the effect of this option on item difficulty

and d;scrzmxnatxon and On test reliability and validity.

~ -Gg
 Schmeiser and Hhxtney (1975b), in an extenazve<SCudy ef the use of the .
"none of the above" option, found that the effect on dszxculty and : I

4

discrimination on tests of dzfzerent'subgect matter was mxxed{ chordxng to
h Y . \

9 ‘ v : . ' T . U
their findings, test reliability and validity were sli@htly decreased by the »
use of this option. ' ' ) LT
~

Wesman and Bennett (1946) observed no effect on item difficulty and a N ,

aQ

! ' ‘
mixed result on item discriminativn. The data from this study are, hoyever,

o!fficult to interpret. A mixed.effect on test difficulty and ﬁté@
discrimination were also reported by Williamson and Hopkins (1967). However,
examination reliability 'was lower for this type’of\option.

Studies by Dudycha and Carpenter (1973), Hughes and Trimble (1965); and

difficulty. Dudycha and égrpenter (1973) and Hughes and Trimbl

found lower test reliability, but Rimiand (1960b) did not evaluate the_effeﬁt'

of this practice on reliability.

In summary, no conclusion can be reached about the effect of "none of the
L ]

above" on item diffigulty. Three studies found that this option increased

il

item difficulty, but three studies reported no effect or mzxed results. Three"
<

studies found that,thezése of this option lowers test reliability., There is
/



<

- - ] 12
& 4 ~

evalusted concurrent validity effects ¢Schmeiser & Whitney, 1975b), and it ' {

L

-

found validity slightlyﬂée:reésed-by~use of "none of the above.'

' Rule 17: State the stem in either a question form or a sentence form..
. d '

& L]

This #ile has received moderate attentibdn in the research literature. P

r

Six sgudies are citod (Board & Whitney, 1972: Dudycha & Carpeater, 1973; Dunn
. R - . , N . "
& Coldstein,- 19593 Schrock & Mueller, 1982; Schmeisec & Whitney, 1975a;

’;975b). As 'n rost othe: instances, the test lengths, test types, educationali~ | ‘/A;;
. N . - . — ' P
leve's of examinees, test content, and other facte : vary significantly across
¥ - - ' - . . . “' SRR
‘these papers. Despite this variability, some definite trends in f.ndings S

. Iy - / )

L
.- )

‘about this rule can be reported. In four of. the six sbudﬁes,'incomplete stems . ff(';
. - ' ‘ o

. / - . vl
were found to be more difiicult, While the practical magnitude of thig .

-

leteness of the stem.

1ifference is smail, it could affect test assembly, because a preponderance ef .
- : . . \ . )
. S L} S SN
:omplete stem§ will produce a sysCematicaliy more difficult test.. : e
| | " . IS 3

Typically, d'scrimination vas unaffecte
~"  Reliability and validity appear to be slightly affected, but this resul® may

%+ dus 0 the way i which uiscriminatien was calculated. Wher tbe upper 27% s
R . . ~
. :0" lower 27% indey; s used inste:i of the pnin!—biéerial, discrimination may

not be accufately estimated, since the €ocwar is only an dpp;oximacicn of the

; mor: desirable latter. Since discriminsulqn and reliability are functiomally -,
& ; . ) - ’
o

related, significant differr.ces in discrimination logically lead to )

significant differences in reliability.
' p a ¢

Thus, based on tnis iimited zet of studies, it is possible to draw the o ..'{

preliminary conclusion that the incompletesgtem is a less effective item-
, ) )

¢

. wFiping strate,s than the quesﬁion forTa:. Hhilé the differences between thF : e
‘cwo stem ypes are slight, the replication of finding: builds suﬁport for tﬁis . »{
conelusion in the absence of  further studies. / f ’?

: : | e
. -

/ . ' “ . . | .
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Rule 39: Balance the key} that is, make sure the correct option is found an
-« * equal number of times in each bption positisn, if possible.

. Six studies concerning key balancing were reviewed in the present

~

research., The results of these studies were mixed. Four studies reported S
. . . 'S ] .

rthat the pésition of the keyed responge affected item dif£iculty<and'cwo

l'
. o, -~

studies repérted the opposite. ' ’ . . .

. ’ )

“Ace and Dawis (1973), Jones and Kaufman (1975), Evans C1985), and ,
. : ® ¢ .
. . . McNamara and Weitzman (1945), report that the position of the key is related

o 0

4 - io item difficulty. Ace and Dawis (1973) found that the fifth position for

" the keyed vesponse war the most difficult for examinees and the third position
‘wa. next most difficult.

y Both Marcus (1963) and Wilber (1966) report that there is no evidence of
. a positional re:ponse set or a relationship between posx»tion of the key and

.

difficuity. = . | ' S

Rule 20: Don't clue through grammatical érrors.

; This rule refers to the inadverten: use of incorrect grammar to clue

~e L

. * ernaminees to the correct option, Onlf four studies can be reported which have

. studied the validity of this rule.

N

Evans (1984) reported that grammstical cluing made items easier gnd. .

-

increased the variability of the test scores. McMorris, Brown, Snyder, and

Pruzek (1972) found thggﬂihis fault made items eéasier, but no effect was noted

on reliability or validity.“Weiten (1984) found that difficulty and ' “

. .

discrimination were not affected by grammatical inconsistency. ‘}nterestingly,
e ' oo -

the results for religbility were mixed, and the results for validity were

inconclusive. Huntley and Plake (1980) found no support fnr cluing through

o -
t

- grammatical inconsistency. " -

Nevertheiess, it seems sensible to avoid grammatical error, just to ' AN

support the faice validity of the‘test. In the absence of more concldsive \E\\;

. ' 1 ) K‘ -
- . - ) lc‘.’{. ¢ . . &
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{ | o
#~ empirical evidence, the rule should stand on the grounds that grammatical
{

clues detract from face validity.

Rule 16: Avoid window dressing in the stem.

-~ .

The effect of window dressing--extraneous material-=in the srem of the

. . ) .
v . ¢

item was investigated in four of the studies reviewed. , )
Rxmland (1960&) found that window dressxng decreased‘cest relxabxlxty,

dxscrxmxnatxon, var1ance, and concurrent validity. Scheock and Mueller (1982)
R S

* » - .

- reported that window drgssxng made test items more_difficqlt and took srudents

longer to complete than items.without window dressing. However, this item
| . v .

<

flaw did not affect test reliability.

Board and Whitney (1972) found that less able students performed better

[ 3

" on items with window dressing than more able students. The?e was nio overall

- effect on mean test dxffxculty, but a decrease 1n test relxabxlxty was

.;

reported., However, Schmexser and Whitney (1975a) reported little or no effect

of window dressing on item difficulty or test reliability.

[ . ] ’; - i
In summary, three of the four studies.-reviewed suggest that window

“

dressing has an adverse effect on at least some students.
« . §

Rule 24: Don’t leave blanks in the middle of the stem. °

T

This rule is similar to the rule about using a question stem rather than

a stem that is an incomplete statement. The rule arose from verbal analogy
: \ . -
items, so it has limited applicability, but the effect that leaving blanks in

the middle of the®stem sentence has on item and test characteristics may be of

interest. Silverstein and McClain (1963) were among the first to examine thé?

«

effean of blanks in xcems, slthough they allude to a study by Campbell (L961)
in which a8 design flaw makes the results questzonable. Silverstein and

' L) a . -
McClain (1963) found no effects when the blank was systematically varied in

"the stem; Ace and Dawis (1973) describe the dispute between Campbell and his
» .{] ¢

A

} :
i
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kS . : : . <

K adversaries and offer partial support for both sides. Changes in the

structure of the analogy did not'change difficulty, but the interaction of

© \ . 7 -

this change and the posxtaon of the correct response dxd appear to affect
- i‘;
, dlfficulty. . ——

o [
a .

. ) : : N '
S . Schrock' and Muz:ller (1982) offer the only study that addresses this,rule

as it applies to items not based on analogies. . .eir findings seem to suggest

'vxrqually no effect on dxffxculty, “test sénre variance, or response t1me but ,
— “ ‘mxxed\results were reported for Jreliability. | O
| | .ﬁhe find%ngs from these reports sqggest that thié:rule'is still strongly .
'in néed of further;study.. Howeve;, there does;nSE séem to be any h;rm'iﬁ

Y

leaving a blapk in the mxddle of the stem. Untii mdté evidence'is marshalled
' ‘ .
to support it, the rule appears to have quest1onable vh{\dzty.

v _ Rule 38: Use plausible distracters. - ~ - ER

. This rule, like several others, appears to be based on common sensej S

~
-

. -
empirical’ testing seems hardly necessary. Yet three very differert studies
+
discuss its applicability. v y o - L ; T

*

’ ‘The_fir§t ofhthesé, Qy Weiten €1984), compagpd plausible and 'implausible
: ' : : v
‘options, and found that flawed items were less difficult, but not less

discriminating. No differences wexe observed for reliabi}ity or validity,

»
. since the variance of test scores was maintained so that the testwiseness "

t

clues in these implausible distracters assisted all ability levels of

r
' . . ¢

examinees equally. \ ; .

.

. r o _ '
Smith (1982) used a veéxﬁsmall sa%éle of dtudents and items to examine

eachable M

¢ the tendency for students to etermiﬁf the right answer by using a

\

strategy. Smith,concludgs‘chét test-taking may be a learned skill, an

learning the skill may affect test.scores. If distracters are written as

variations of correct answers, as Smith contends, then convergence theory may

. £ N
] \‘

' . Nbug o
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i
. e b . - | ' - ) A ’ ’
e ‘ ' . i,
explain the development of testwiseness and may indicate that test scores are
'sttificially inflated if distracters are plausible. NI
. i : . . ‘ ‘ Y

The third study, by Owens, Hanna, and Coppedge (1970);‘compare§ three -

L]

methods.of generating or selecting distracters: the judgmental method, the
s . ' N ) .

frequency method, and the discrimination method. The judgmental method, in

which the item writet invgnts the most plausible distracters, was directly

_ compared to the frequency method, in u@}cb the actual responses that students .

-

made to.open—-egnded questions were tallied and those written most frequently

wvere used in subsequent multiple-choice tests: Results were pixed, at least
with respect to feliability and Validity. Difficulty and test;scoingariétion

. . ‘1 .
-

did not seem to be affeéted. " ' A

.

¢

On the surface, it seems obvious that implausible distracters are not
desirable. Yet two of the three studies provide compelling evidence that

plausible distracters may be more easily eliminated by testwise gféminees.'.
The study by Owens et gl. (1970) suggests that distracters for a test should

™ - Y

be field tested and that the distracters sBould be chosen because they have

negative discrimination and negative item characteristic curves.
1)

Rule 40: Don't use distracters that clue testwise exasinees.

*

Sarnecki (1?79) has presented a very complete analysis of testwisenmess.,
Testwiseness is an examinee characteristic and thus outside the scope of this

review;: however, some elements of gfém writing are influenced by
. e . ’
testwiseness. Only three studies that discuss cluing answers by violating
item-writing principles other than the rule of grammat ical consistency were
ident}fved. ‘ \
Each of the three studies. focus on the repeating of a werd or phrase from
v ’

) . - . ’ . - [} » / ‘ ¢ - ) .
the stem in the correct optxon,‘whxch i1s a testwiseness clue. McMorris et al.

(1972) and Weiten (1984) found that only item difficulty is affected by such

LI | YA -
) .20 ‘ . . *
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cluiqg{ While Pyrczak (1973) did not replicate these. findings, he did find

that testwiseness cou.d be taught and that some students could increase scores

.after training. | . . L .

*C\ Despite the sir’ .arity in the design of these three studies, the rule (';ﬁ

*

L]
.

discussed appears logically sound. The‘use,of specific determiners (e.g.,’

Yalways”" snd "never"), the use of cognates in the stem and correct option, and

\J

- thr .se of ridiculous options'shOuld provide unfair advantage to testwise
.tudeqts: Thus Che'rulé'shoulﬂ be supported on tha grounds of prudence, butry _ -k

should be interpgeted in light of .the findings of Smith (1982) and Weitep
) N - . . . . - . ) . * ] o,
L (1984, discussed for Rule 38, ~

Rule 37: Use common errors of students for distracters., ‘ : b

W

This rule was briefly mentioned in" conjunction 'wi_t?pthe study by Owens et
al.-(1970) supporting Rule 36.’ Their method for generating distracters was to
uce a completion fo;ma; and have-studentSfrespond. The errors that appéhred

most frequently were the based for constructing distracters, and produced good

results according to their study. To take this principle a step further,
. * ! : } ’

o student errors might also be evaluated in terms of their discriminating pbwer; .
such dis&racters should have negative discriminaticn and negative item

. characteristic curves. The ﬁtudy'by Powell and Isbister (1974) is Qniqué in ..

this review and worxthy of more extensiv:lattention. It examined the response

patterns inherent in correct and w¥hcdrrect answers, challenged the assumption

that no useful information is available in, wrong answers. This work suggests g

) . -/ - . . ' . . . )

' an zntetes;xn; propositi_.a that has received recent attention in other, more

d . . . L *
thebretical discussion of item writing: that items should have diagnostic )

h ,&’ . .
distracters that provide informifion thdt not only increases test reliability

(Haladyna, 1984) but, also permits giagpostif instruction: (Roid, 1984).

, | . 18 n o "
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~ Dudycha and Carpenter (1973) -report that use of "all of the above" makes items

’/}epresenting the entire United States.

-

el

Rule 31: Avoid the use of "all of the above."

-

Whilq most textbook authors recommend against using the "all 6f the

L]

' ¢ 1
above'' optien, oniy two studies can be reported here that addregf this rule,

t -

more difficult and less discriminating. Hughes and Trimble (1965) report.that

items that use the opcibn "both of the above," described earlier as a

precyrsor to the type-k fdrmat, are more difficul®, but that both variance and '

relxabxlxty appear to be xncreased. These findings contradict those of

- LI
Dydycha and Carpencgf (1973). : ' B
-~ . ) - "
In light of this ¢isagreement, it is difficult to gvalugte this rule.

Authors and :ea:hers ‘are cautioned agaxns: :ecommendxng such xtem-wrxtxng

practxces thhout ‘more experience or data to support such a rule.

Rule 32; Use the option "I don't know." - S
=t 2 ‘s C W
is option is intended to reduce the incidence of examinee guessing.

Sanddrson (1973) examined "don't kaow” in a clinical education setting and
. r - : ‘

found that there was a slight distortion of scores by those sing this

option. Sherman (1974) examined National Assessment of Educational Progress.

data and found differences according to age, regionm, ethnic background, and

even personality, in response patterns to this option. These findings are

particularly impressive since these data are s national probability samplée

Altbhough only two studies have exam;ped this rule, the evidence appears

overwhelmingly in favor of rejecting its validity. Although it is meant to

reduce guessing, guessing is confounded and testwiseness is rewarded. It is

*

thus difficult to justify the use of an "I_donft know' optiom.

1

4 - . , i : ) o
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Other Findings R 4
3 Seven othér rules received only one citation Q.Efp empirical study. The e
* N N . - X " - * . . P , . - L2y
findings are presented in Table 4. In this table, Phe author and rule are

. " o . )
‘ identif¥ed a&nd a Lox score is used to determine whether the ruleyis supported
ey on various grounds such as  difficulty, discrimination, reliability, and )

. vslidicy. These findings.are rresented here for completeness but are not

e | 'dxscussed furcher because only one study has. been xdencxfxea for each rule. .
?‘ . ‘The remalning 24 rules received no attention. s ' Y '

) L CONCLUSIONS S

Only 56 studies were found to besr dxrectly ol the valxdxty of 45 item~ ;,_)4<?E

) writxng;rules: cestxmony enough that there has not beeu sufficient research - f}f

to support most of them, although common sense and Eace validity suggest thagr ‘
, . : ¢ : .
many of the rules are legitimate. _ ;

’ ® ‘The frequency with whﬂgﬁ_rules have been empirically tested is directay

o

related to the number of studies. Many of these studies address. mgre than on

, c e . .
. . .

rule, but few rules have been studied more than folir times, and many gules'are

substantiated by little or no empirical research. ':f
The optimal number of options that a multiple-choice irem should have has

received considerable attention., ' Empirical research sgppércs theoretical

1 . -

4 Y
study in indicating that three options achieve the optimal balance between

reliability and efficiency. It is suprising, considering the evidence, that

. . \
© virtually all authors of textbooks favor multiple-choice items with four or
~

five cptions and that nearly ‘all standardized tests use more than three
options. . ’ b

—_ | “ .

The other rules do not -ave a firm foundation in research. ¢y Further study

of the validity of item~writing rules is necessary. The paragraphs that_ : ﬂf

follow suggest some fruitful areas for exploration,

- . - L
20




-Methodologicai Concerns ‘ . .

1. 1t is deszrable cu find methdds to 1mprove the deveIOprent of items
. Y

that measure bxghat-level th;nkxng. de of the proposals 1n_textbooks and

@ ’

ocher soyrces (e.g., Miller, Hilliams, and Haladyna, 1978), havé met with
N § - : .

t

.\ j
prac:acal success. © . ‘

¢

2\ The research to date, partxcﬁTa{&y that of Lord (1977), 1ndxcates :

that item performsqce improves -when dxscratterg,have negative item

i i

characteristic curves (i.e., negative discrimination). Ideally, distracters

' 3 [ 3 . i . . - &
should have ;2 diagnostic value. When a student selects a distracter, some.

L]

until=-correct is a step, in this direction and may prove tc be a rewarding area

for research.

3. The large number of fules yet unstudied provides a source for future

“*

research. - Item writers need to know the merits or demerits of the "all”

-
- -

e

option, the "noné” option, and the "don't know" option.

@

Hﬁny studies reviewed for this paper-:are flawed. Further studies on
) -4

‘
»

item-writing rules must, to be of value, have a sound experimental design.
. . : ]

‘Each of the factors under consideration must be well defined and cémpletely

’

tested via main effects and interactions. The samples of items and examinees
must be sufficient to maintain a reasonable power for statistical tests.

’ - ' ) ! * ) -
Item difficylty and test difficulty have been vastly overemphasized in
studies of-%tem-writjng rules., The effects of an item-wtiting'practiqg on
’ / ”

discrimination, reliability, validity, and efficiency are much more important

and merit more attention., IRT methods may proviis important insights to the

rd

effects of item-writing practices on test characteristics.
’ . .

It is imperative that studies report the basic data used for analysis.
Y

Means and standard deviations are vital if the results of the study are to be

properly interpreted. ‘

~valuable corrective teachiag should be possible. A procedure like the. answers

T



Statistical tests are”only the beginning of an analysis. The researcher

! ]

should routinely report thé‘effect size so that a standard can be used to
avaluate a result. ,For‘large‘samples, virtually the smallest, most trivial

differente is statistically significant. For small samples, a very large .
’ ‘ 4

-~

"m“ . ~ difference may be statistically insignifiéﬁnt.
" Ffinally, it seems app:~oriate that item-writing practices should be based )

on item—writing theories, such as those suggested by Bormuth (1970) and Hively

o L] . .

(1974). In addition to aiding in the definition of the. construct to be

6 W -- .

measured (a necessary condition for the desirable construct validity), these

* ) » - ’ . . ’ N y
theories also provide the bases for empirical resesrch on the development of

-

. multiple-choice items.
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. . ‘Table 1 ' .
- 7 ‘ C . T
. - Coding System for d .
Classifying Instructional %tatements on ‘ .. ..
Hlltxple-Chaxce Item Writing
B Genera}_!tem?ﬁri!ing Advice  "_ ,” . .
i. Avoid textbook, vetbatxm phrssxng of tems. :' L.
2. Avgid trick questions. : « .AE\ S
3. Avoid opinion-based items. ‘ : ¢ ‘f’JKJ
4. Base each item on an educational ob;ectxve. R,
5. Use types of items that elic¢it higher-level thinking (Var10§§ authors
. ~ give examples and specific advice). . < vy
X 6: Test for important facts and knowledge. " . w“;‘ .
I 7. Avoid items which require overspecific knovledge. VN
. o - N . . :
 General Advice . ) : ' ‘ . v g
_r' . » " ) L
8. Minimize examinee reading by limiting item Iength. ' -y
9. Use good grammar consistently, making sure that the item and the .
"" options agree grammatically. . - . “\ Lo
10. Focus on a single, clearly defired. problem 1nophtasxng the que 'on.T;
11. Consider vocabulary when phrasxng the item; keep it approprxate 7
the intended audience. e
12. Allow sufficient time for the development, review, and revxsxbn oﬁ. )
. . . the item. ., . L,
- 13. Avoid interdependence of 1tems or avoid allowing ope xt\m to cue 4,
: another. . .
14. Format the item either horizontally or vertxca%ly. 2

Item Advice Focusing on Stem Const:ggtxon ..

L

- i5.

16.
17,

18.
.19,

20.
21.
22.
- 23.

2.

<

Ensure that the directions in the ‘item stem are clear and that

wording lets the examinee know what is being tested. 4

Avoid window dresatng (extraneous materials) in the stem. ,

State the stem in either a questapn form or a sentence forgfw1th
options completing the stem.

Use either the best answer or correct answer foshat.

Avoid type-k.items, i.e., items that list a series of statements and ’
then provide combinations of these statements as options.

Don't clue the correct response through a grammatxcal error.

Word the stem positively; avoid negatives. . : )
Make a good transition from the stem to the options. '
Inclide the central idea and most of the text of the item in the

stem. - \
Stems should be left open at the endj ‘don't leave blanks in the
middle of the stem that Sefer to qptxonz. _ .

N

.

o




Item Advice Focusing on Option Construction

* - 'Ceneral Advice b

25.
- 26,
- 27,

(4

v

Items with different numbers c¢f options may appear on the same test.
Use three, four or five options for an item.
Keep & logical order to options; if quantitative, keep options in

ascending or descending oraer.

28. Keep options independent from one another/ )
29. Keep the length of options fairly consisteat. o
] 30. Avoid the.use of "none of the above'. 4 A
. 3l. Avoid the use of "all of the above.” '
32. Use the option "I don't know."
' 33. Keep options homogenous in cont- nt and grammatical structure.
: ' 34. Phrase options positively, not negat .vely.
. Correct Option
35. Balance the key; that is, make sure the correct option is found an
L, equal number of Zimes in each option position, if poss;ble.
“ 36. Make sure chere is one and only ope correct option.
Distracters
« o 37. Inccrporate common errors of students in developing distracters; L
: antxczpate what dxstracter is most likely to attract unprepared
- examinees.
38. Avoid illogical dxstracters, use plausible distracters.
36. Avoid specxfzc determiners (e.g., never, always) in distracters.
40, Avoid distracters that can clue testwise examinees.
. 41. Avoid technically phrased distracters.
. 42, Use incorrect paraphrases as distractervs.
43. Use familiar-looking but incorrect statements as distracters.
44, Use true statements that do not correctly answer the question as
-+ distracters. .
45. Use irrelevant clues for distracters. ~

<«
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. ) Table 2 . .
S N Fréqgency of Studies for Each Item writinglRule
" Numbér Rulg ' Frequency !
26 "Use three, four, or‘ﬁiye options for an item. 18 K
19 'Avqid type-k items. S ' 8 o
29' Keép the length of options fairly Q;nqéstent.f 8 *
30 Avoid ;he use of '"none of the above." | ) =
17 State the stem in either a question form or 6 ]
a sentence form. :
35 ’ Balanqéfﬁhe key, - - ‘ | 6 . )
20 Don't c}ue thro-:\ grammatical errors. 4 .
16 Avoid window dressing %n thé stem. : .4 . ‘
264 Don't I;ave blagks in the middle of the stem, 4
38 Use plausible distracters. - _3 )
40 Don‘t us; distracters that clue teségise examinees. 3 i
37 ‘ Use.common errors of students for distracters. 2
31 Avoid the use of "all of the above." _ 2
32 4sq the option "I don't know." . ' 2 “
7 other rules had one study each. 1 .
24 other rules had no stx@t&S cited. 0
\ —
) |
\ | -
; .
‘ 9
23
)
. 25
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I 4 | . = Table 3 L. -
-~ Reliability Coefficients for Items )
' ‘ “1J’ of Twe to Five Alternatives

Number of Options

t

\ 2 3 4 . 3
Charles (1926) 477 826 - 880 "
$C0§£in (1970) .‘ - 560 .500 . | -
Costin (1972) . | - 750 .780 - . ’
;.Parker & Somers (1983) - . - . #9532 562 . 4§Lg
Rambs & Stern (1973) - - .860 890 :
. Rugh & Charles (1928) : 477 N .§24 - | .680
' Ruch & Stoddard (1925) | 737 598 - . 796
Strat;n & Carts (1980) 470 730 .680. | "o
© Vakefield (1958) | -860 890 -920 - .930
Williams & Ebel (1957) .954 .945 ~.94§ | - ”
\ 7' , t
p
‘ e
£
|

29

26
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, €+ Table 4
t o
)  Effects of Rules Evaluated in Single Studies
Test Characteristics®
‘Rule Difficulty Discrimination Reliability :  VAlidity
¢ cBgker (1971) “ /= 0
‘ Dudycha & ' ( ot \ 5
: Carpenter (1973) 21 + +/1 ’
" - Dunn & Coldstein . . ' . - ‘
© (1959) 9 - SR -
. s ) © L L
Kolstad, Goaz, ‘ T
& Kolstad (1982) 36 0 0
Strang (1977) 41 : +
. a R R \
Strang (1977) 43 +
Terranova (1969) 34 _ + ) ) 0
Note: Interpretation of symbols R
a. Positive effect +
Negative effect - ¢
Inconclusive effect 0 3 ;
Mixed effect +/~ / : .
)" ‘/ ) . M
:
e L]
. /’
¥ $
- : » / '
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