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A nationwide Federal employment program for
recent college graduates required applicants to take
a multiple abilities test battery. The abilities, each
assessed by a separate test part, were Verbal, Judg-
ment, Induction, Deduction, and Number. To
equate alternate forms, a sixth test part was in-
cluded in the test battery. This part could be an ad-
ditional, parallel version of one of the five ability
test parts. At the first test administration one form
(A) was used operationally, and each of the five
parts of two alternate forms (B and C) was admin-
istered to a randomly selected subgroup of test
takers. Small but consistent score increases from
the first test form to the second were observed. The
greatest effects were for Induction and Deduction,
next largest for Number, and least for Verbal and
Judgment. At two subsequent administrations the
order of alternate form administration was reversed
(B and A, C and A), providing a counterbalanced
design to assess the effects of alternate form,
samples, and practice. Data from 66,303 test takers
supported the hypotheses of practice effects. These
data suggest that practice is most effective for item
types constructed according to specific rules, next
effective for test parts subject to speededness, and
least effective for test parts tapping general infor-
mation.

The effects of practice on performance on
standardized tests of cognitive ability is an old
yet venerable topic. Greene’s (1941) review, per-
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haps the most thorough discussion of practice
effects, has been succeeded by texts with far less
information about this topic (for example, Anas-
tasi, 1976; Cronbach, 1970). A possible explana-
tion for the recent neglect may be traced to the
pervasiveness of standardized testing over the
past 40 years. Sufficiently high levels of test so-
phistication have been achieved in both test con-
struction and test taking such that practice has
minimal impact (see Angoff, 1971a). For ex-
ample, the Scholastic Aptitude Test (SAT) has
been constructed to minimize such -effects.
Those who repeat the SAT from their junior to
senior year in high school may expect a modest
improvement in their scores varying from one-
half to two-thirds of the standard error of mea-
surement (Donlon & Angoff, 1971), that is, from
.20 to .25 standard deviation units.

Score increases that do occur may be unre-
liable at the individual level if the test has high
internal consistency and alternate forms reliabil-
ity (Cronbach & Furby, 1970; Stanley, 1971).
This militates against identifying correlates of
score change, either potential causes such as
coaching (Fremer & Chandler, 1971) or possible
outcomes such as changed criterion-related
validity (Donlon & Angoff, 1971). Special study
of individual test repeaters who show large score
changes may demonstrate, as in Jacobs (1966),
that certain types of potential causes of score
change are plausible, such as intensive study or
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the lack of it and physical and psychological re-
sponses to testing conditions. However, only to
the extent that research incorporates independ-
ent variation of potential causes will explanation
replace plausibility. It may be that those indi-
viduals whose scores are deviant from expecta-
tion are more likely to search for, recall, and
publicize reasons for such deviance. Further, to
the extent that test repeaters are self-selected,
generalizations about their score changes are
limited. For example, SAT repeaters, approxi-
mately one-third of all SAT candidates, ap-
peared to be more able than nonrepeaters (Don-
lon & Angoff, 1971).

Not all hypotheses about score changes are
without reasonable support. Greene (1978) em-
phasized the importance of the test taker’s moti-
vation as well as stimulus characteristics of the
test. Positive score changes could be expected in
“tests where a generalized rule or method could
be learned” (Greene, 1941, p. 621). Secondly,
variations in score change might be reflecting
error in an equating process used to obtain com-
parable scores for alternate forms. The reverse
might also occur: Practice could introduce error
into the equating process (Angoff, 1971b, pp.
574-575). However, a test data collection system
designed to provide data for equating may also
provide data pertinent to violations of require-
ments for equating. The research described here
began when a formal equating system produced
data pointing towards practice effects in the ad-
ministration of two alternate test forms.

In 1974 the U.S. Civil Service Commission
(whose employment selection functions have
been assumed by its successor agency, the Office
of Personnel Management) introduced the Pro-
fessional and Administrative Career Examina-
tion, generally known as the PACE (McKillip,
Trattner, Corts, & Wing, 1977). This examina-
tion, directed towards recent college graduates,
includes a multiple abilities test battery, which is
administered several times each year on a na-
tionwide basis. The requirement for alternate
forms led to the introduction of a formal scaling
and equating system (Wing, 1974, 1975a,
1975b).

The written test battery was designed to have
six parts. There was one operational part for
each of five abilities, constant for all test takers
at a given nationwide administration of the same
alternate form. In addition, there was a sixth,
nonoperational, unscored part which could vary
during the same nationwide administration
from one test taker to the next and which was
used to equate alternate forms of the five ability
tests or to pretest new items. One test taker
would be administered only one nonoperational
section at a given administration. The same al-
ternate operational form of the battery could in-
clude from 15 to 25 different nonoperational test
parts, packaged in a spiraled fashion so that as-
signment of a specific nonoperational form was
random.

Initially, several alternate but parallel forms of
the battery were developed. The first operational
administration of one of these forms included all
five parts of each of two other forms. That is, 10
randomly selected samples of test takers at the
first nationwide administration had taken two
alternate forms of the same ability test part in
addition to one alternate form of each of the
other four test parts. The values of the test part
statistics, calculated for equating purposes,
showed an unexpected pattern: Typically, the
raw score mean for an alternate form taken
second was higher than the mean for the form
taken first. This could have occurred because of
practice effects from the first form to the second
or because the alternate forms were not parallel
(the first form was more difficult than the sec-
ond). The consistency in the size and direction of
the mean discrepancies, combined with knowl-
edge of the care taken in assembling equivalent
test forms, suggested the implausibility of a hy-
pothesis about lack of parallelism. Further data
collection and analyses were required to under-
stand and correct the equating data.

Method
Research Participants

Randomly selected samples of PACE ex-
aminees at three nationwide test administrations
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provided the available data for item and test
analyses. These included 42,921 tested during
November 1974; 7,994 tested during May 1975;
and 15,388 tested during November 1975. The
total was 66,303. Other data about PACE ap-
plicants provided demographic information in-
dicating that approximately 60% were male,
over 80% were college seniors or graduates, and
less than 30% were over 30 years old. In terms of
their major field of study, they were probably
not a representative sample of all college grad-
uates, since there were fewer individuals major-
ing in the liberal arts and sciences and more in-
dividuals majoring in business and management
among PACE examinees than among college
students in general (Wing, 1976).

Abilities Assessed by the Written Test

The test battery assessed five abilities as de-
scribed by French (1951) and by French, Ek-
strom, and Price (1963). The item format was
multiple-choice, five alternatives.

Verbal. Items 1 to 15 were vocabulary (syno-
nyms), and Items 16 to 30 were reading compre-
hension. For the latter, each item included a dif-
ferent paragraph and the correct answer was a
repetition, a paraphrase, or essentially a restate-
ment of the paragraph.

Judgment. This part consisted of only one
item type, comprehension. A paragraph was
presented and the most plausible of the five al-
ternatives was to be selected. The solution
tapped general knowledge not included in the
original paragraph.

Induction. Items 1 to 15 were letter series
problems, and Items 16 to 30 were geometric
classifications or analogies. The latter consisted
of two sets of geometric symbols with two or
more symbols in each set. The second set had a
question mark replacing one symbol; the ex-
aminee was to select the most appropriate
symbol to complete the analogy from one of the
five alternatives.

Deduction. Items 1 to 15 were tabular com-
pletion items. Tables or charts were presented
that had missing values, to be deduced from the
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remaining information in the table. Items 16 to
30 were inference items. A statement or para-
graph was to be accepted as true, and the correct
answer was to be derived from the statement
without drawing upon outside information.
(These items contrasted with the comprehension
items measuring Judgment.)

Number. Items 1 to 5, 11 to 15, and 21 to 25
required straightforward arithmetic computa-
tion (e.g., addition, multiplication), and the re-
maining 1S items were word problems requiring
arithmetic reasoning. The test materials were at
about the eighth-grade level and had been de-
signed to minimize the importance of verbal
abilities.

Verbal processing was required by Judgment
and to some extent by Deduction, as well as by
Verbal itself. Judgment, and to some extent
Verbal, tapped general information and knowl-
edge. Induction was tested in a completely non-
verbal way and there were low verbal require-
ments for Number. Induction, Deduction, and
to some extent Number are also termed general
reasoning abilities (Horn, 1976).

Test Materials and Procedure

The written test battery consisted of six sepa-
rately timed parts, each with the same time limit
of 35 minutes. The assignment of a sixth part to
a test taker was random, subject to the con-
straint that each different nonoperational part
was to be assigned (approximately) equally of-
ten.

At each test administration the first two test
parts were presented in one test booklet, the
second four parts in another. In this research the
sixth, variable nonoperational section, was in
Position 2 in the first test booklet. In Position 1
was Verbal. Judgment, Induction, Deduction,
and Number were in Positions 3, 4, 5, and 6, re-
spectively, comprising the contents of the second
test booklet. That is, only for Verbal did the
operational form precede the nonoperational.
Test takers were to complete the test parts in
order and were to work on only one test part at a
time. Total testing time was 3%z hours; there was
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an additional 10- to 20-minute break between
the two test booklets.

Three different alternate forms were used
operationally: Form A during November 1974,
Form B during May 1975, and Form C during
November 1975. Each of the five operational
parts of Forms B and C was used as a nonopera-
tional part during November 1974; each of the
five operational sections of Form A was used as
a nonoperational part during May 1975 and
during November 1975. The total numbers of
nonoperational parts were 15 for November
1974, 21 for May 1975, and 15 for November
1975.

Experimental Design

There were (at least) two different, but not mu-
tually exclusive, hypotheses to explain the ob-
tained statistics: Either the alternate form taken
first was more difficult or practice on the first
facilitated performance on the second. To dis-
tinguish between these two hypotheses a similar
group of test takers could be administered the
same two forms but in reverse order. Comparing
just two forms will not, however, eliminate
equivocality, as Grant (1948) and Stanley (1955)
have observed, because this latin square design
confounds order with sequence effects. That is,
score changes in Form B when preceded by
Form A might not be the same as found in Form
A when preceded by Form B.

An effective way of unconfounding requires,
minimally, the increase of the number of alter-
nate forms taken by the same individuals. Such
an approach did not appear feasible here as the
test plan incorporated only one nonoperational
section. The alterriative chosen was to select two
additional groups of test takers and to ad-
minister both of two alternate forms, reversing
the order of administration in the second group.
Then, this procedure was replicated with an-
other two groups of test takers and another two
alternate forms. To enhance comparability of
these two separate investigations, one alternate
form was used in both investigations; and two

groups, one for each investigation, were sampled
from the same population.

An outline of the experimental design is shown
in Table 1. Ten randomly selected groups from
the November 1974 test takers (Form A opera-
tional) were administered one additional test
part from Form B or Form C. The following
May 1975, Form B was used operationally. Five
randomly selected groups from this population
were administered one of the five ability test
parts of Form A as a nonoperational section.
Study 1 used Forms A and B as administered to
five groups tested in November 1974 (Sample a)
and five groups tested in May 1975 (Sample b).
Form C was used operationally during Novem-
ber 1975. At this time five (out of 15) randomly
selected groups were administered one of the
five ability test parts of Form A as a nonopera-
tional section. Study 2 used Forms A and C as
administered to five groups tested in November
1974 (Sample c), and five groups tested in No-
vember 1975 (Sample d). For each group in each
sample in each study, test data were retained
only for the two alternate forms of the same abil-
ity test part.

Since some individuals took the written test
twice over the three administrations, it is pos-
sible that these data include repeaters. That is,
an individual might have had Number, Form B,
as a nonoperational section in November 1974
and Number, Form A, as a nonoperational sec-
tion in May 1975. The probability of such over-
lap is very small, however. Data on the incidence
of test repetition suggest that an average of from
three to eight people in each group were such
overlapping repeaters. This is sufficiently small
not to vitiate the assumption of score inde-
pendence.

Test analyses. For each individual in each
sample, the number of questions answered cor-
rectly, uncorrected for guessing, was recorded
for both the nonoperational test part and the
corresponding alternate form operational test
part. In both Study 1 and Study 2 separate anal-
yses of variance (ANOV As) were completed for
each of the five ability tests. The design was of
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Alternate Test Test parts 1, 3 Test part 2
Forms lised 4, 5, & 6
November 1974
Sample a Form A Form B
group 1 Verbal
group 2 Judgment
group 3 Induction
eroup &4 Deduction
group 5 Fumber
Sample ¢ Form C
group 1 Verbal
group 2 Judgment
froup 3 Induction
group & Deduction
proup 5 Number
Mav 1675 Form Ik
Sample b Form A
group 1 Verbal
group 2 Judement
group 3 Induction
proup 4 Deduction
group 5 Number
November 1975
Sample d Form C Form A
group 1 Verbal
group 2 Judgment
group 3 Induction
group 4 Yeduction
group 5 Number

test forms repeated across individuals in the two
samples but in different orders, with an un-
weighted means analysis for the unequally sized
groups (Winer, 1971). For each significant two-
way (test forms by samples) interaction, the pro-
portion of variance attributable to that interac-
tion, w* (omega squared) was calculated (Dodd
& Schultz, 1973; Hays, 1973). This statistic is
one means of indicating the effect of practice.

A second way of indicating the size of any
practice effect is given by the statistic H (Angoff,
1971b, pp. 574-575). This is the average differ-
ence in mean score for both test forms, for both
samples, as divided by pooled estimates of the
standard deviations for the test forms over both
samples. This statistic was calculated for each
ability test for both of the two studies, using
Equation 1.
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A Aa Ba Bb
b +
H = SA Sg [, (1]
2
where
s 2 _1 (SA 2 (2]
A 2 a + b /
s 2 _1 (s 2 + s 2), (3]
R ) Ba E

A, B, are form designations
a, b, are sample designations.

Item analyses. For each test item adminis-
tered to each group in each sample, three statis-
tics were calculated: p.,., the proportion of the
group answering correctly; p.., the proportion
of those attempting the item who answered cor-
rectly; and r,,, the point-biserial correlation of
the item with the total test score. Two p values
were calculated because in some test parts the
items towards the end were attempted by fewer
and fewer people. The later items were more dif-
ficult (from pretest data), so that if the test part
had been entirely a test of power, those attempt-
ing to answer an item were likely to be more cap-
able than those omitting the item. The index p.,.,
would overestimate the ease, underestimate the
difficulty of the item for the total group. If, how-
ever, the test part had been speeded, then some
of those failing to respond to the item could have
answered it correctly if they had had sufficient
time. The index p,, would underestimate the
ease, overestimate the difficulty of the item. To
the extent that analyses of p,,, and p.., lead to the
same conclusions, speededness is not a factor in
test performance.

Some (e.g., Donlon & Angoff, 1971) recom-
mend that p values be transformed before anal-

ysis because of possible nonlinear relation to an
underlying continuum at extreme values. Al-
most all of the p values in this research fell be-
tween .20 and .80, where problems of nonlinear-
ity are minimal. Transformation was, therefore,
unnecessary.

The first calculations performed, for each test
part for each group in each study, were to esti-
mate the internal consistency of the test part
using the Kuder-Richardson Formula 20 (KR-
20). Values of p,,, were used.

Second, in both Study 1 and Study 2 separate
two-factor ANOVAs of both p values were com-
pleted for each of the nine item types. Test forms
were repeated in the two samples, in different
orders, but variance estimates were calculated
across individual items rather than individual
test takers. This reduced both the degrees of

- freedom and the generalizability of significant

effects. These analyses were the same as those
performed on total test scores but with far fewer
repeated measures (15 for each item type but
comprehension, comprising Judgment, which
had 30). For each significant interaction of
Samples x Test Forms, the proportion of
variance attributable to that interaction was cal-
culated (Dodd & Schultz, 1973; Hays, 1973).

Third, for each item type in each study the
practice effect statistic H was calculated, as de-
scribed in Equation 1. In order to do this the
mean and standard deviation of the subtests had
to be estimated. Using the p values and point bi-
serials of each test item, Gulliksen (1950, pp.
365-378) has shown how to compute the mean
and standard deviation of each test part. The
point biserials were calculated with the total test
scores, not the subtest or item type scores, and
hence include the covariance between the two
different item types in a test part, as well as the
variance of each type. To the extent that the
item types are positively correlated, using these
point biserials in Equation 5 will lead to sys-
tematic overestimates of item type variance,
which in turn will lead to underestimates of the
practice effect as given by H in Equation 1.
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s = Erpbi "piqi' [5]
where
i=1. 2, ..., n number
of items in test,
P; = percent answering
item i correctly,.
g4y = percent answering
item 1 incorrectly,
rpbi = point biserial cor-

relation of item i
with total test score,
standard deviation of
the item.

Results

Reliability

The obtained reliability coefficients ranged
from about .65 to about .85 and were acceptable
for tests of cognitive abilities of 30 items each.
As might be expected, the alternate forms coeffi-
cients were slightly lower than the internal con-
sistency coefficients. Following Lord and Novick
(1968), composite reliabilities for the weighted
test battery used in selection could be calcu-
lated from the test part reliabilities, variances,

and covariances. Such composite reliabilities
would be in the low .90’s (Wing, 1977).

Test Analyses

For three test parts (Induction, Deduction,
Number) the mean scores of the form taken sec-
ond were always higher than the mean scores of
the form taken first. Consistent changes in test
variance were observed only for Number, where
retest variance was greater than initial variance.
Since all changes in variance were small, no
formal analyses were performed. For each test
part in both studies the ANOVA interaction
term (Samples x Test Forms) was statistically
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significant, indicating the presence of practice
effects. The means and standard deviations of
each test part are shown in Table 2.

The sample sizes used here made it easy to ob-
tain statistical significance. Of more value are
the statistics indicating the size of the practice
effect, w* and H, displayed in Table 3. Practice
appeared to be a minor source of variance in
these data, at the most accounting for 2.5% of
the total variance in Induction scores in Study 2.
However, average test performance decidedly
improved. For Induction, Deduction, and Num-
ber, the simple addition of practice had con-
sistently increased scores on the average of a
point or two across groups that were hetero-
geneous in ability.

The standard errors of measurement for each
test part were estimated from the reliability coef-
ficients. The effects of practice for Induction,
Deduction, and Number Varied from about one-
half to three-quarters of the size of the corre-
sponding standard error. Over the five parts of
the total test battery, the data suggest an aver-
age increase of almost five raw score points after
practice on all five parts, if the effects are uncor-
related. The standard error of measurement for
the sum of the five test scores (from Wing, 1977)
is approximately 6.5 raw score points. That is,
the predicted practice effect for the total test was
approximately three-quarters of the standard
etror of measurement, a figure slightly greater
than that observed for SAT repeaters. The vari-
ability of the change scores here would be more
than the variability due to measurement error, a
finding again similar to that observed with SAT
repeaters (Donlon & Angoff, 1971).

Item Statistics

ANOVAs of item difficulty values generally
had nonsignificant interaction terms, thus fail-
ing to demonstrate effects of practice on the dif-
ferent item types. This lack of support is prob-
ably attributable to the reduced power of the
item ANOVAs based on the low values for de-
grees of freedom. The proportion of accountable

Downloaded from the Digital Conservancy at the University of Minnesota,
May be reproduced with no cost by students and faculty for academic use. Non-academic rep]oducuon
requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/



148 APPLIED PSYCHOLOGICAL MEASUREMENT

Table 2
Summary Statistics of Total Test Scores

Test Part

Judg~ Induc— Deduc-
__Verbal ment tion tion Number

Samples
Qtudy 1: Forms A and B

Sample a (November 1974)

Sample size 4,694 3,957 4,018 4,096 4,165
Test taken first
Mean 17.61 19.°97 16.26 16.61 11.87
Standard deviation 6.10 4,22 5.21 4.94 4,40
Test taken second
Mean 17.65 21.03 17.43 17.39 14.04
Standard deviation 5.52 4,42 5.21 5.62 4,66
fample b (May 1975)
Sample size 1,637 1.626 1,608 1,584 1,539
Test taken first
Mean 17.03 20.49 15.32 16.36 13.01
Standard deviation 5.42 4.70 5.10 5.85 4,40
Test taken second
Mean 17.37 19.90 17.84 18.03 13.44
Standard deviation 6.15 4,22 5.44 4.91 4.83

Study 2: Forms A and C
Sample ¢ (November 1974)

Sample size 4,721 4,220 4,333 4,350 4,367
Test taken first
Mean 17.61 20.16 16.53 16.96 12.61
Standard deviation 6.14 4,28 5.54 5.57 4,47
Test taken second
Mean 17.31 20.98 17.39 17.61 14.03
Standard deviation 5.96 4.43 5.36 5.64 4.77
Sample d (November 1975)
Sample size 3.138 3,142 3,091 3,055 2,962
Test taken first
Mean 16.35 20.47 16.34 16.31 12.74
Standard deviation 6.01 4,64 5.51 5.99 4.53
Test taken second
Mean ' 17.12 20.28 16.35 18.90 13.75
Standard deviation 6.22 4.15 5.89 5.32 4.84

Note. For Verbal, the operational form was administered before
the nonoperational form. For all other test parts the opera-
tional form was administered after tte nonoperational form.
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Table 3
Practice Fffect Statistics of Total Test Scores
—__ _Test Part
Practice Effect Judg= Induc- Deduc- Num-
Statistic _Verbal ment tion tion ber
u)2: Practice effect
as percent of variance
Study 1 0.02 0.05 2.26 ¢.93 1.40
Study 2 0.03 0.11 2.55 1.74 1.43

P: Practice effect in

standard deviation units
Study 1 0.04
Study 2 0.04

0.¢5 (.35
0.07

0.34

variance for those item types where the interac-
tion term was significant, as well as the practice
effect statistic H for each item type, are in Table
4. These latter estimates are intriguing even
though they are probably underestimates of the
“true” practice effect. Note that the statistics
based on p,,, are, with the exception of reading
comprehension, smaller than those based on p.,,,.
That is, eliminating omitted responses in the at-
tempt to eliminate the effect of speededness re-
duced the effects of practice. (The exception
may reflect little more than rounding error.)

To illustrate the effects of speededness, scat-
terplots of the two kinds of p values may be
constructed. For each kind, the proportion of
the group responding correctly to an item is
plotted depending on whether that item ap-
peared in the alternate form taken first or taken
second. To the extent that these item points de-
viate from the 45° line, practice effects are pres-
ent. To the extent that such deviations are dif-
ferent for item points of different item types,
practice affects these item types differently. To
the extent that the scatterplots for p,,. differ
from those for p.., practice affects also the
usage of time in tests that are speeded.

Two representative scatterplots are shown in
Figures 1 and 2. In Figure 1 are displayed the
scatterplots for Deduction, Form A, Study 2.
The November 1974 group (Sample c¢) en-

countered this form after experience with the al-
ternate Form C, whereas the November 1975
group (Sample d) took Form A prior to taking
Form C. The left scatterplot is of the proportions
based on entire groups, and the right scatterplot
is of proportions based on only those who at-
tempted to answer the items. In Figure 2 are dis-
played the two scatterplots for Form B of Num-
ber in Study 1, in which the November 1974
group (Sample a) encountered Form B before
Form A and the May 1975 group (Sample b)
took Form B after Form A.

Practice Effects

The effects of practice varied from one test
part to the next, reflecting changes in the skill of
dealing with different item types as well as in the
speed of answering test questions.

Verbal. Practice improved scores slightly,
more for the easier reading comprehension
items than the more difficult and earlier vocabu-
lary items. The reading comprehension items
were less likely to tap general information than
were the vocabulary items. There appeared to be
little effect of speededness.

Judgment. Practice led to slight improve-
ment. Elimination of omitted responses led to no
change in summary statistics, indicating that
speededness was not a factor.
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Figure 1

Proportion Answering Item Correctly, for Each Item, on
Deduction, Form A for Those Taking Form A First (Sample d,
November 1975) Versus Those Taking Form A Second

(Sample ¢, November 1974)

On the left are the proportions for the total samples (p...); on the right
are the proportions for those not omitting the item (p...). The 45° di-
agonal or identity relation is drawn to facilitate comparison.
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Induction. The first and easier item type,
letter series, was greatly affected by practice.
Scores for the second item type, geometric clas-
sifications, were also improved with practice.
The elimination of omitted responses reduced
the size of the practice effect statistics by about
one-third, suggesting that practice improved
both accuracy and speed of response.

Deduction. The more difficult later infer-
ence items appeared to be more subject to prac-
tice effects than the easier and earlier tabular
completion items. Speededness may also be
a factor, as illustrated in Figure 1. Eliminating
the omitted responses reduced the practice ef-
fect more for the inference items, suggesting
that part of the improvement with practice may
be attributable to reaching more of these items.

Percent correct for form taken first

Number. Table 4 shows sizable practice ef-
fects for both computation and arithmetic rea-
soning items, effects which were markedly re-
duced when omitted responses are eliminated.
The form of the speededness here is different
from that in Deduction, however, as Figure 2
shows. In the form taken second, more of the
more difficult arithmetic reasoning items were
answered correctly, whereas fewer of the easier
items, either computation or arithmetic reason-
ing were correct. However, when those who
omitted responding were eliminated, as shown
in the right of Figure 2, this differential effect
was removed and all items appeared equally
subject to a slight effect of practice. That is, the
effects of practice on these two item types ap-
peared to be more on the speed or pacing of re-
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Figure 2

Proportion Answering Item Correctly, for Each Item, on
Number, Form B for Those Taking Form B First (Sample a,
November 1974) Versus Those Taking Form B Second
(Sample b, May 1975)

On the left are the proportions for the total samples (p...); on the right

are the proportions for those not omitting the item (p...). The 45° di-
agonal or identity relation is drawn to facilitate comparison.

Percent correct for form taken second

Patt e

o Computation
« Arithmetic reasoning

L] T

.6 .8
Percent correct for form taken first

sponse rather than on increasing skill in answer-
ing such items correctly.

Discussion

The research reported here was initiated as a
response to aberrant operational test equating
data. The evidence of two counterbalanced
studies with two alternate forms was more sup-
portive of the practice effects hypothesis than of
the hypothesis of differential difficulty of forms.
The effects appeared to be larger for those item
types (letter series, geometric classifications,
arithmetic reasoning, tabular completion, infer-
ence, reading comprehension) that are solvable
by systematic application of general problem-
solving skills than for those item types (vocabu-

2 4 .6 .8
Percent correct for form taken first

lary, comprehension) solvable by application of
general previously acquired information. Prac-
tice may also have led to better use of available
time in tests where speededness may have been
important, such as observed here in that test
part evaluating the Number ability. Further,
such effects were present in random samples of
all test takers, not just in self-selected samples of
test repeaters.

That practice effects are frequent can be docu-
mented by an elderly, scattered, yet extensive
literature. As noted above, Greene’s (1941) re-
view remains the most thorough and his hy-
pothesis of the importance of generalized proce-
dures in item solution in predicting practice ef-
fects remains viable. More recent evidence
shows practice effects in verbal analogies (Colver

Downloaded from the Digital Conservancy at the University of Minnesota,
May be reproduced with no cost by students and faculty for academic use. Non-academic reploductlon
requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/



152 APPLIED PSYCHOLOGICAL MEASUREMENT

Table 4
Practice Effect Statistics of Estimated Item Type Scores
Item Typéa
Practice Arith-
Effect Vo~  Reading Geome-~ Tabular Com— metic
Statistic cabu- Compre- Letter tric Comple- Infer- puta- Reason-
lary hension Series Class. tion ence tion ing
w2: Practice effect
as percent of variance
Prot® Study 1 - - 8.58 - - 1.50 - 1.88
Study 2 -- - 6.68 - - 2.12 - 1.88
Paey Study 1 - - 6.24 - - -- - -
Study 2 -~ - 5.11 - - - - -
H: Practice effect in esti-
mated standard deviation units
Peot’ Study 1 -0.01 0.09 0.39 0.30 0.20 0.29 0.21 0.34
Study 2 0.01 0.08 0.39 0.29 0.25 0.35 0.16 0.34
Pare? Study 1 -0.01 0.10 0.30 0.21 0.14 0.06 0.07 O0.10
Study 2 0.01 0.09 0.32 0.22 0.17 0.12 0.00 0.11

3Since the test part Judgment was constructed from only one item type

(comprehension),
appropriate.

the total test statistics as presented in Table 3 are

Calculated only when Samples times Test Forms interaction term reached
statistical significance at or beyond p = .0l.

& Spielberger, 1961; Spielberger, 1959), reading
comprehension (Vernon, 1962), letter series
(Anastasi & Drake, 1954), syllogisms (Johnson-
Laird & Steedman, 1978), and various tests of
spatial ability (Blade & Watson, 1955; Krum-
boltz & Cristal, 1960). Score changes have been
observed on more heterogeneous measures such
as the Wechsler Intelligence Scale for Children
(Quereshi, 1968), the Wechsler Adult Intelli-
gence Scale (Elwood, 1972), the General Apti-
tude Test Battery (Droege, 1966), and even the
SAT (Frankel, 1960; French & Dear, 1959;
Whitla, 1962). Practice effects appear to be spe-
cific to the particular test or test items practiced
(Gagne & Paradise, 1961; Nevo, 1976; Wood-
row, 1946). The data reported here indicate that
practice effects are not limited to those who
choose to retake a test. It is possible, of course,
that practice effects for self-selected repeaters

would be different from those for randomly se-
lected samples.

More troublesome are the qualifications pre-
sented by specific characteristics of this re-
search. The first is the “‘experimental’’ nature of
the nonoperational section. To the extent that
test takers knew that the section did not “‘count’’
and, consequently, that they did not give it the
same attention and effort that they gave to the
operational version, the effects of practice ob-
served here are not accurate. Scores on the non-
operational form would have been systematic
underestimates of ability. A second considera-
tion is that of test speededness. The influence of
practice in speeded tests has been observed else-
where. Rate of response has been isolated as a
distinct factor of test score variance (Lord, 1956;
Myers, 1952; Sternberg, 1977). Mollenkopf
(1950; 1960) found that additional test time did
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not improve scores in a test of verbal analogies
but did lead to improvement in a test of arith-
metic reasoning. Some type of speed-accuracy
trade-off was possible for the latter test but not
the former.

The scattered nature of the practice effects
literature emphasizes the difficulty of study and
understanding. Such change scores are typically
small (A ngoff, 1977) as well as individually unre-
liable (Cronbach & Furby, 1970), suggesting the
necessity of large samples to provide adequate
statistical power. Stating that practice changes
test scores is not providing an explanation, let
alone predicting which kinds of tests for which
examinees produce which kinds of practice ef-
fects. The latter kind of information is most im-
portant for operational testing programs in
which both test takers and test users wish to
know the predicted outcomes of test repetition.
This information could serve to discount, or up-
hold, advertisements of testing ‘‘cram schools”
by including documented correlates of score
change.

Of equal if not more importance are more de-
tailed, perhaps experimental, studies to un-
tangle what, in practice, is being changed. Spe-
cifically, the item types that appear to be most
subject to practice effects are those used to as-
sess fluid as opposed to crystallized intelligence
(Horn, 1966; 1976). The vulnerability of tests of
this generalized trait to ‘‘short-period fluctua-
tions” has been noted (Horn, 1966, p. 559).
Could it be a characteristic of fluid intelligence
to show such practice effects? How is differen-
tial susceptibility to practice effects, of item
types and of test takers, related to different as-
pects of intelligence?

That such questions will be difficult to answer
does not minimize their importance, particularly
since there is much other research demonstrat-
ing differences in profiles of cognitive ability
scores among groups differing along the socially
relevant dimensions of sex, race, and ethnicity
(Wing, 1979). For example, some groups may
demonstrate lower levels of performance on tests
of fluid intelligence as compared to tests of crys-
tallized intelligence. The theory behind such dis-
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tinctions is weak (see, for example, Mandler &
Stein, 1977; Sherman, 1978) and the evidence is
inconsistent (Arvey, 1972). If the item types and
tests used were also differentially subject to
practice effects, then the inconsistency in results
becomes explicable. Dubin, Osburn, and Win-
ick (1969) found that extra practice on certain
speeded tests was most helpful to lower socioeco-
nomic white and higher socioeconomic black
male teenagers. Replication and extension of
such investigations are obviously necessary.
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