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" Establishing Appropriate ‘I'ime Limlts for Tests

The'implication§'of various time limits for tests of a fixed "length" *
! . 1 ' .

-

or number of items secems obvious. If the time permitted 18 much too shoft, .

scores may bunch up at the low.end of the potential score range, with a loss
- .

of potential variance and aAgene:al diminishing of the utility of the variance

which 18 observed. If the time permitted is an intermediate value, the scares

‘tend to be some mi;ghre of speed and power in the sense of Gulliksen‘(1950).

——

Onlyrwith the most generous time limits do tests)fully become power tests.
Seldom are these’generous»times a practical possibiiity, ho&ever; Ordinarily
time limits must ﬁeet the needs of the test administrator as much as the test

taker. Under these conditions, somé people finish, but some do not. -

.
- hi L Yo

Such individual differences in the rate of work on objeéfive tests com-

plicate the meaning of the measures themselvesr in the seﬁse that they introduce

A

factoriai'complexity. Accordingly, there is J generai effort Lo make tests

predominantly speed or power, and in most cases of measures of educational

attainment the effort 1z made to create a power test. That is, the time limits

are set 8o that most subjects complete the work., .
C e A

No single technique for characterizing test speededness is widely esﬁag>
lished. Educational Testing Service has long. focussed on three characteristics
of the completion activity of the poﬁulation taking the test: (a) the percent

4

completing the ‘test, (b} the percent completing 75% of the test, and (c) the

PR
s N

test item at which approximatély 802 of the Eotal group are sfill working.

¥

These data are combined as c:itefibn’which, according to Swineford (1956) make

a test speeded if (1) fewer than 100% of the candidates reach 75Z of the 3tems,

and (2) fewer than 80% of the canqidates finish 100% of the items.
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Evans and Reilly (1972) used Swineford's criteria for speededness but

*

introduced a graphic techniquewhicﬁplots the percent of candidates still

Vorking at various points in the test. Their own presentation used a base

line of number of items. A more general approach would simply plot "percent

of subjects gtill working" as a function of "percent of test worked on'.

a
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An example would be

[y

100
% of ;
- subjects 80 ¢ - A -
still ' , )
working ‘ ‘ .
\ -3
0 . L 75 100

% of Test Completed s

’ » ¢
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Such_diagrams will chav.cterdistically exhibit tﬁe plcture of a square

with a "chunk" missing in the Jﬁper right hand cornmer. This is so because

most tests-do not show "dropout," in the sense of an appreciable percentage
P P

no longer reaching certain items, until the subjects are well into the test.

‘ Analogously, most tests are completed by most 6f ‘the subJetts. While the

i -

specific patterns of the function will vary, the ‘curve will slope downward
AN ]

'from the top to the right hand vertical axis. By Swineford's criteria, if\

this descending live lies within the region bounded by 75/ of the test and 80%

of the subjects, it is unspeeded. Departure from this region is a signal of

«

speed. ’ - . »
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Stafford (1971) has proposad a "epeededness quotient," deEined a6

\
4 . - - Iy - . ‘ g
5 = W +.to + LU .
\ . N X
where ' U = the number of items Not Reached ’ T
' ) 0 = the number of items.Omitted .
' | " W = the number of items Wrong
\’ '
According to Stafford, this index has someyadvantages overl earlier

findices proposed by Cronbach and Warrington (l951).and b7 Culliksen (1950).

These earlier'suégcstions formed ratios of variances of attempted items with
4 . - . . N
total test scores on wrong answers. Stafford asserts that they were inordinately
difficult to compute and.to interpret. , *
" All of these indices differ from the ETS appraacﬁ in appréiéiué variance
-~ N v
| in che number of items completed by considering variance in the number of

3 H -
- .
errors. This is an important diftinction between the two approaches. The
results yielded w&ll differ somewhat, too. Tests unspeeded by Swineford's Ve

criterion could show moderate speed by Staffotd's criterion, approaching a

. value of about .25 as a limit. The general concexn about speed and the .

T

widespread valuing of' power, however, has ended to be psychometric, obécu:1n§
' .

some other more practical considerations. Time 1imiﬁs tend to be\set 5; they
are because there are some real world needs.' Time linmits reflect these needs,
so that;a.Fest conforms to a clasaroo& period or to a three ﬁc * work session .
more from a nced to éonform to the institutional context than any psychoqgtric
. ‘ factors. '

The establishing of time limits introduces some practical problems, however,

because of range of Individual differences in work rates which 1is exhibited.

Directors of large national‘pfggragg have reported that in some tests or section
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of tests, where large numbers of candidates work together in a room, gome -

fiaish early, creating administrative difficulty for proctors. While the,
obvious solution to this problemlis to give the cdhdidatey morg.io do, it

*

is often unclear how mdéh more material should be added, ;r by Héw nuch the

time should be rgduce&: It 18 desirable’ then, to know something about the‘
. distribution of finishing timga (or work rates) for vari;us’kinas of tests
_and varying composite§~9ﬁ.§iﬁe aliowance and test length.

| .This paper pféposes a simple techﬁ@&ue for estimating the mean and

gtandard déviacion of the distribution-of finishing times for a population

of test takersa. Given such values, a number of decisions concerning test

specifiéations\can be made.
E

-

A frequeht component of an item analysis is a description of the "dfﬂpw
(qut" or failure to complete the test. This "dropout" is the pexcentage
‘ . -

failing to reach the last item, and it can alsq bé’computed for other ictems.

P

She graph adapted from Evans and Rellly, is'basea upon the dropout for a test.

»

For any subject who fails to complete the test we may estimate the time

which would be required to finish. Thus, if a person complétes.one~half of the

test in the prescribed amount of tiﬁe, one can assume that the entire ‘test would
. » , ) i

be completed in twice that time. If two-thirds Qs c¢ompleted, then Nalf again

<

as much time is required. The basic assuhption is that a person has a basic and

. consistent work rate, in the sense of "items-per-minute.

The practical consequences of this assumption are that,for anyone falling to

i ' .

finish the test we may .estimate the time which would have been needed to finish.
For those who complete the test, of course, we cannot develop an individual

estimate. Although the number of "units" of work they accomplished is known,

the time*they worked is not. The only conclusion we may make is that the

individgéi3finished on or before the moment time was called.

6
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However, if we can assume that the "time needed" (or, conversely the
work rate) ils normally distributed in the group being tested, we can asnnnldcp
" a z-score with each "time-needed" score, by considexing the proportion of the

sample who .oxhibit scores equal to or greater than the,one under considerdtion.

Consider a 30-item test with a J0-minute time Llimit. By‘the logic above,
. 3 X

t Y

the follewing relationships exist

Iltems T Not Ttems/ Tdme
Reached Reachead Minute Needed

30 ' <0 21- 0{) "30.00 mins,
129 1 . 0.97 30.93 "/

28 | 2 0,93 p 32,26 "

27 . 3 0.%0 33,33 "

26 b 0.87 34.48 "

25 5 0.83 36.14

20 }0 0,67 45,00 "

Suppose that the test is compieted hy 67% of the grou;. This indicates a
z-gcore of 0.45 for this value,67% of the group have work rates, expressed as
items per minute, which equal or exceed a rate of 1.00. Suppose further that
those rgaching 29,g£.gggg‘of the items constitute 81%Z ox the gYoup. This
indicates a z-score of 0.86, a t}me-needed acore of 30.93,

Under the agsumption of normality the information must be conﬁietént for
each of our two points., That is, a raw score (a "time needed” scorc stated
in minutes) is a linear function of & z~score, & person's pasiti&n in the norfal
distribut}é;, and since the two points are supposedly linearly related, they

should cbe& the function

§= (2) (0) + M

r; v
L




-~
iy
* .
N >
.

wliere 5 18 the observed "time needed" score, % is the pormal curve
zwacmtg linkad to the percentage with a score cqual to ox legg than 3 ,
and o and M aée unknown g;vup’paramatera.
Continuing the £ategaing discussion, the assumptions yield two simal-

toneous equatibna for the data given above '
N / 30.00 = 459 i "

R 10,77 = 863 + K
they~are'aé%ved to give values for H and q " of about 29.15 and 1,88 respec-
tlv?ly. ‘That 15,\£E.che assuuptions are correct shout a»faitly steady work
rate nnJ u’normal distribution of these rates, then the knowledge\of two points
on the d#strlbutiwn of Hot Reached scores enables us to estimate the mean and

1

atandaxd deviation of the times needed,

v -

with the knnwludae that the average person completes the test in 29.15

i
1
i
1
|
|
minuteq, . and with the information that phe suandard deviation is Lqual te 1.88, . l
one can estirvate values of M+ 29 . These would be 32.91 minutes and 2/ 39

winutis. These ‘data would suggest that the test is reasonably well timed. At

the nmost, the vct; fastest workers are finishing dbout five minutes early, the
very slowest uight require some three sinutes longer. ( (

Thege hypouheticél data consider only two points. In fact, an item analysis
may yiéld a nunbex ?f aééh points. Figure 1 shows the relntiénship Letveen
z-8coren, ag determined by che.pxopatticn of the population zeécqxng a certain
level, énd tée number of items reached. 'The esgential linearity would aeém to l
confirm the hypothesis of normality. As indicated, these dats are for a sU-item
teat, adminfsturvd in 30 minutes. The {tem material was “data sufffciency,” a

mathemazical item typé. The “items lompletsble” entries show that on the average

1
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deviation of item material Finisbed would be about 7.8,

)

These data can be used tu find the time needed for 30 ftems. The mean

P

iz I8 minutes, ;hé standard deviation abuut 5.4 minutes. By this esticate
ahout 16% of the populativi are finishing five minutes or more before tive is

called, and the very fastest workers, two standard deviations from the pean,

well constitpute an administrative problen. - . . \&
Figure 2 uhaaé the plot for another 30-item, 3U-minute pretist of mathe- o

wmatics material. Again, lincarity seens observed. The lines in al) figures
t

|
1
i
are finishing 10 minutes early. Sucﬁ a sizable group of early finishers odght i
|
|
i
1

in this paper are siwmply drawn iq by hand, but there are few departures fron

a sct of points which iy easily connected. ,é“ " .
Figure 3 chows data for a verbal pretest of Sglitems in 30 minutes.

Figuze a(pre;entu a similar chart, but with a marked departurc ﬁx@mﬁlinearxtyQ

Apparently the last five items in this pretest possessed some wiusual charac-

teristic which depmanded more‘c;me. Instead of the apprax%macely 79 1teis which i

mipht have been anticipated as an average cozpletion snly 50% or w0 of the

group finished the test.

»
This ie an vnuswval recult. Fipures 5-10 show the ?lota for eix gecticong

st imater can be defended, although points for values of z-agbove 2.0 tead to
flatten off. [hic “flatteping” may be dag to the characterfstlcs of rio: material
or te the very small nunbers of subjects. ’ : ,

Whether such data have practical value for predicting finishing times requires

k
1
of two Euglich Corposition Tests. In eack case the atility of.the lLincar 1
I
an wwpirical teag. 1o a sesse, thoy are surpriddng in that they sunzarize the l

grperiopce of guite heterogencons groups of prople, in terms of ability
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with heterogcncous proups of fteas in totms of difficully but they would seem

to conform rather clesely to a wmodel which anticipates 3 norgally distributed

ircms/minute work rate.

-

N ' . ) )
The "aberrantN plot in Figure 4 suggests the cample@lty of tht “test

speededneds” concepte: It would appear that the last five itoms were found

unusually time—consuming by the subjects, to a degree which ran counter to the”
%

average of such iters. Is the test speeded?. In some ways the introduction of 'A.~f
difficult, time consuming later material may assist in the creations of orderly

eXanivnation room3e It may also affect tbe distribution of écotee. 1t wonld be

4 L

interestipg to consider skewness data as they relate to speededness data of 7

oy

this tyge. ‘ ]

. *

If the basic diagrom of Redlly and Jackson 19 reconstituted ge thar the

ordinate, or percent rcachlag axis is redefined as a z-seore axis, the plots of
. \
auch dara shonld lenk approximately aa fallowa: ’
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while this Aiapran could be further vedificd to redefinme the base line

¥

wore clesrly ac W rare vardable, the essentdal focus 1s catablished.




The lipeariry of the rogression of “Zesompletins" om “I~gompletod” ¢t
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{lovites oxtension, o 1§zdicatc:d {ay the dotted lines Theoretically the olope

of the line is cie;emlgmf by the collection of materdal which is mc;:xtpax@ccd
- v -
Inte the teost. A test whick has '.‘,'f.lat; alope 18 more likely te be speeded,

. {
¢+ in some genges, than another. The tXsk of the test, constructox is to develop “~
: B N . :
14 M ' . - . .
) - teafﬁ phich have steep slopes. Swinciczd's criteria can now be restated in ' 4
R t ; B v N : [
' the new {f;wtmm,at;mm: a test Is unspeeded \ﬁf the cquation of its “dropout™ . 4
“ . 'u, K ‘ . N s B - " .
, b J{me, 23 jibre defined, 49 ) , . |
}’ { "1 "{ # ! - . * ' ‘}‘
LR o Z = 0864 (100 -n:;.) + .86 ~
) ' . T X the percent of the test completed
/”M , - * :’ 4
ar a line with ptedper slope, The extension of thic work to pomidutauonzz
» * » ¢ B . R ]
posed by Stafford is clearly suggested. ' A, . . , 1
- B R . ” ri
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