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Abstract

Performance on many cognitive and neuropsychological tests may be improved by prior exposure to testing

stimuli and procedures. These beneficial practice effects can have a significant impact on test performance when
conventional neuropsychological tests are administered at test—retest intervals of weeks, months or years. Many
recent investigations have sought to determine changes in cognitive function over periods of minutes or hours

(e.g., before and after anesthesia) using computerized tests. However, the effects of practice at such brief test-retest
intervals has not been reported. The current study sought to determine the magnitude of practice effects in a group
of 113 individuals assessed with an automated cognitive test battery on 4 occasions in 1 day. Practice effects were
evident both between and within assessments, and also within individual tests. However, these effects occurred
mostly between the 1st and 2nd administration of the test battery, with smaller, nonsignificant improvements
observed between the 2nd, 3rd, and 4th administrations. On the basis of these results, methodological and statistical
strategies that may aid in the differentiation of practice effects from drug-induced cognitive changes are proposed.
(JINS 2003,9, 419-428.)
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INTRODUCTION have sought to determine the effects of practice on neuro-

. - sychological test performance at test—retest intervals of
Serial assessment of cognition has been employed conveal-

: . e . eeks, months or years (e.g., Benedict & Zgaljardic, 1998;
tionally to aid clinical decisions regarding the onsetorcoursqvlccaffrey et al., 2000). These studies have also sought to
of a disorder or disease, recovery of function following a N :

. o _ etermine the extent to which practice effects operate on
pharmacological or therapeutic intervention, or changes i

. . X Rests of different cognitive functions. Some authors suggest
cognitive status caused by medical or surgical procedure

: ) . . S UrShat practice effects operate equally across different cogni-

'A.‘n |m_p0rtant ISSUe in sgrlal neuropsychological 'nveSt'ga_'tive tests (McCaffrey et al., 1992; Mitrushina & Satz, 1991).

tions is when a change in performance from test to retest 'ls—|owever, others show that tests requiring complex cogni-
‘tive processing, and tests where formulation of a strategy

Yfhay ai i i
) _ y aid performance, display greater practice effects than
observed may be obscured by practice effects, which act Bsts that measure more simple cognitive functions (e.g.,

enh_ance test performanc_e fol_lowmg rgpeated exposure t\Rlisconsin Card Sorting Test, Stroop Test; Basso et al., 1999).
testing procedures and stimuli. Accordingly, many studies Neuropsychologists are now required to design trials or

assess patients in serial investigations where the expected
. . . __changes in cognition occur in minutes or hours. For exam-
Reprint requests to: Alex Collie, Centre for Neuroscience, The Univer-

sity of Melbourne, GO 51 Leicester Street, Carlton South, Victoria, 3053, ple, fOllO\.Nl.ng apesthe3|a or Seda'tlon (|brahlm etal., 2001),
Australia. E-mail: acollie@cogstate.com the administration of a fast-acting CNS-active substance
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(e.g., alcohol) or in studies of other physiological perturba-nitive function (e.g., Ibrahim et al., 2001). A second aim
tions such as fatigue (Dawson & Reid, 1997) or stressas then to develop methodological strategies for (1) min-
(Deijen & Orlebeke, 1994). Computerized cognitive testsimizing practice effects; and (2) differentiating practice ef-
are often employed in these situations as they overcomtects from the effects of an independent variable.
many of the limitations associated with the administration
of paper-and-pencil nguropsychologlcql tests at brlgf mterivI ETHODS
vals. For example, stimulus presentation and contingency
_onset are controlled by the sqftw_gre (thereby reducing any.search Participants
inter- or intra-assessor unreliability), and data collection
and analysis may be automated. In addition, automated co@ne hundred and thirteen neurologically normal older peo-
nitive tests often have brief administration times yet still ple took part in this study. The sample had a mean age of
provide reliable data for comparisons of performance be63.68+ 7.58 years (range 46—82 years), mean education
tween treatment and nontreatment or baseline conditionsf 13.11+ 3.67 years (range 6—22 years) and included 75
within individuals. These tests may also allow the presenfemales and 38 males. All participants were enrolled in an
tation of multiple and equivalent alternate forms of a testongoing study of aging being conducted at an independent
within a relatively brief time period (Collie et al., 2001a). research institute in Melbourne, Australia. The procedure
Provided enough responses are collected, automated cogiiwrough which this cohort was recruited has been described
tive tests can also measure practice effects within a singlelsewhere (Collie et al., 2001b). All participants spoke En-
testing session or even within different stages of a singlglish as their first language, and were regarded as having
test. Despite the widespread use and acceptance of computermal cognitive function as measured on a battery of neuro-
erized cognitive tests in such studies, there remains littlpsychological tests sensitive to cognitive impairment in older
published data describing the effects of practice at thespeople (Collie et al., 2001b). Inclusion criteria for all par-
brief test-retest intervals. ticipants included age greater than 45 years, a Mini-Mental
Inferences about the presence and magnitude of practicgtate Examination (MMSE; Folstein et al., 1975) score 26
effects are also affected by the statistic used to quantifpr more and a normal neurological examination. Exclusion
change in test performance. The subtraction of pre- frontriteria included a history of cardiovascular disease, per-
post-test performance, or the calculation of percentagsonal history of psychiatric or neurological illness, demen-
change scores, are simple and commonly used methods ftia, head injury, or evidence of cognitive impairment. To
the determination of change in performance (e.g., Benediatstablish eligibility for inclusion in the current study, all
& Zgaljardic, 1998). However, these methods do not takepotential participants were interviewed within the 6-month
into account the normal variability in test performance orperiod immediately prior to study beginning. Informed con-
the reliability of the cognitive tests administered. Such techsent was obtained from all participants prior to their inclu-
niques are therefore limited in the extent to which they carsion in the study. Ethics approval was gained from the
differentiate true change from measurement error. This liminstitutional ethics committee prior to the commencement
itation is exacerbated as test-retest reliability decreases (Cadf the study.
lie et al., 2002). It has been proposed previously that the
magnitude of any change in test score should be determineﬁla,[eriaIS
with a statistical technique that takes into account test spe-
cific performance variability (Jacobson & Traux, 1991). All participants completed a battery of cognitive tests on
We recently reviewed the statistical techniques used confour occasions over a 3-hr period. All tests were computer-
monly to quantify change in cognitive test performanceized adaptations of standard neuropsychological and exper-
(Collie et al., 2002). Many of the statistical proceduresimental psychological tests (see below), and were chosen to
reviewed attempted to control the effects of practice bysample from a range of cognitive domains, including psy-
including somepost-hoccorrection. Application of meth- chomotor speed, attention, decision making, working mem-
odological strategies to minimize practice effeatgriori ory, episodic learning and memory. These tests are also
may allow more accurate differentiation of the effects ofsimilar to those employed in cognitive studies of the effects
practice from the effects of an independent variable tharof short-lasting CNS-active substances (Dawson & Reid,
any statistical manipulation of the data once it has beerd997; Ibrahim et al., 2001).
collected. However, the principled development of proce- For each test within this battery, the stimuli consisted of
dural and statistical methodologies to deal with practiceplaying cards. The playing cards were selected to minimize
effects requires that appropriate data be available. the dependence of the tests on specific languages. Pilot data
The current study aimed to determine the effects of pracindicated that most people were familiar with playing card
tice at very brief test-retest intervals, in a group of test-stimuli, could differentiate the cards without additional train-
naive individuals of similar age to those commonly referreding, and perceived their presentation to represent a game.
for day surgery requiring anesthesia or sedation. FurtheiThe test battery required approximately 15 to 20 min to
the current study was designed to mirror those employed ikomplete depending upon the speed of the individual sub-
investigations of the effects of anesthetic sedation on cogject’s responses. Responses were indicated by pressing one
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of three keys on the computer keyboarj K, andspace- of the computer screen. Participants were required to
bar). Thed key was designated as the button to indidafe decide whether or not a card pair presented at the bottom
and thek key was designated to indicatgght. A single of the screen matched any of the pairs in the legend.

button pressgpaceba) was required for Tests 1 and 5 (see  However, upon initial matching, the corresponding leg-

below). A binary decision (left or right) was required in  end pair turned face down, and subsequent presentations

Tests2, 3, 5, 7, 8, and9. All three buttons were required to of that pair had to be judged by memory. This test has 20

perform Test 6. The dependent variables (DVs) collected trials in which the same five pairs were shown four times

for each testincluded the participant’s response times (RTs) each (i.e., 20 repeated pairs) and this was interspersed

and accuracy (i.e., the percentage of correct responses or with 20 never-repeating distractor card pairs.

hit rate). RT was designated as the DV of interest for Tests

1 to 4, while both RT and accuracy were of interest for the

o : Procedure

remaining tests. Incorrect responses, failures to respond or

responses faster than 100 ms were indicated by a buzz@il participants were contacted by mail and asked to attend

and the data associated with these trials were omitted frorthe research institute. The test battery was administered on

analysis. Correct responses received no auditory feedbackpple Macintosh iMacs in a large assessment laboratory, in

The nine tests administered included the following: which ten computers were designated for test administra-

. o ) tion. At least 3, and up to 10 participants performed the test

1. Simple reaction time (SRTA single card was presented 4t any one time, allowing rapid data collection. Al partici-
face-down in the. center of the computer screen. Pa”'c'pants completed the test four times within a period of 3 to
pants were required to press the spacebar whenever e As the intention of this study was to determine the
card was turned face-up. Fifteen trials were presenteqnagnitude of practice effects in test-naive participants, no
This test was presented three times: at the beginning,,ctice trials were administered. A 10-min break was given
(SRT1), in the middle (SRT2) and at the end (SRT3) ofyetyween the first and second, and third and fourth admin-
the battery. istrations. A longer break (approximately 1.5 hr) was given

2. Choice reaction time (ChRTYhe stimuli for this test between the second and third administrations, during which
were the same as for the SRT, however the participamarticipants ate a light lunch which included caffeinated
was now required to indicate whether the color of thebeverages if requested. Prior to each assessment, partici-
card was black or red. pants were required to rate their level of fatigue and anxiety

on a scale from zero to 100, where zero indicated the least

s Complex_reactlon time (_BRT) Two cards were pre- fatigued or anxious they had ever felt, and 100 indicated the
sented simultaneously in the center of the computer

screen. The participant had to indicate whether the colanost fatigued or anxious they had ever felt,
of the two cards was the same or different.

4. Continuous performancédParticipants were required to Data Analysis

monitor the simultaneous movement of five cards, and~or all four assessments, each participant’s data was exam-
press the spacebar as soon as any part of a card movéted and excluded if they had not completed the test bat-
outside a predefined area. tery. Ten participants did not complete all four assessments,

5. One-back working memory (one-badRprticipants were and data from the remaining 103 was analyzed. For each

required to decide whether a new card was the same, d}articipant the accuracy of responses was defined as the
different, to the last card presented. number of true positive and true negative responses divided

o ] . ) by the total number of trials attempted. All RTs were re-
6. Divided attention This test combined Tests 5 and 6. cgrded in milliseconds and RT data was trimmed at the

Participants were required to monitor the simultaneousyses confidence intervals for each individual prior to analy-
movement of a line of five cards, while performing the sjs. pata analysis proceeded in five stages.

one-back test on the middle, or third, card. First, the test—retest reliability of each dependent vari-

7. Matching A legend of six card pairs was presented atable was compared between each pair of adjacent assess-
the top of the computer screen. Participants were rements using the Pearson’s product-moment correlation.
quired to decide whether or not a card pair presented a¢econd, the extent of any improvement in group perfor-
the bottom of the screen matched any of the pairs in thénance over the four assessments was determined by sub-
legend. mitting each dependent variable to a one-way repeated

. . . . : measures analysis of variance (ANOVA). Fatigue and anx-
8. Incidental learning This test followed immediately on . y ( ) g

f Test 7 and identical to Test 7 but that th daety data, and years of education, were included in these
rom Test 7, and was identical to Test 7 but that the car nalyses as covariates. For ANOVAs yielding a significant
pairs in the legend were now turned face down in thee

. ffect of assessment (i.e., a significant practice effecs$}-
display. hoctrend analysis was used to compare the goodness of fit
9. Associate learning (learning)Similar to the matching of linear, power and logarithmic functions. Furthgost-

test, a legend of five card pairs was presented at the topocanalysis directly compared performance at each assess-
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ment using paired samplégests. Third, for each dependent Table 1. Test-retest reliability of cognitive tests administered
variable, group mean practice effects were estimated by
calculating a percentage change score between AssesSsniive Test
ments 1 and 4. This metric was compared to Cohen’s (19885‘, ——

d statistic calculated for the same data (Table 2). Cohan's 'T0'® Reacton Time 1 46 6 .
statistic is calculated between any two data points as theimple Reaction Time 2

difference between baseline and follow-up scores divided RT o 66 55 71
by the averaged or pooled standard deviation (SD). Al->Rp'® ReactonTimes3 50 pu s
though Cohen (1988) recommends the adjusted pooledhoice Reaction Time

variance estimatéwe employed the standard formula in _RT o 59 61 63
order to make the results of this study interpretable in SDFo7P'ex Reaction Time

RT .64 .59 .66
units, and also to allow comparison with previous studieScontinuous Performance

Test 1-Test 2 Test 2-Test 3 Test 3—Test 4
N =103 N =103 N =103

(e.g., Benedict & Zgaljardic, 1998). The group mean change RT 53 53 48
.. One-Back

scores and Cohendstatistic were then calculated for each ~ 1 31 a7 61

adjacent pair of assessments (Table 4). To quantitatively accuracy 35 60 70

compare the magnitude of change between each pair ¢fvided Attention

. RT 72 .38 .79
assessments, Cohemlsvalues were treated as data points .., a, 31 10 a8
in a repeated measures ANOVRost-hocplanned con-  matching
trasts were used to directly compare thecores for the RT 39 73 68
following comparisonsd 1-2versus d2—3 andd 2—3 ver- Aceuracy 9 7 i

g p Incidental Learning
sus d3—-4. RT 29 33 49
Fourth, we conducted a more focused analysis of th% ACCW?CVL _ -26* 23 45
SRT test data to estimate and compare the effects of pracay o5 _71 .
tice within a single test, within a single assessment, and Accuracy 69 68 74

between mUItipIe assessments. To do this, we first ComAII data presented are correlation coefficients; RTesponse time; Accu-
pared SRT1, SRT2, and SRT3 data from all four asSeSYyey— pgmem correct. ' P ’
ments usig a 3 (SRT test)X 4 (assessment) repeated *p > .05.
measures ANOVA (within and between assessment analy-
sis). We then plotted group mean data for each of the 15
trials within the SRT1 test at all four assessments (within
test analysis). Power curves were fitted to this trial-by-trial
data to gain an estimate of the magnitude of within testmeasures ANOVAs conducted on the cognitive data. Table 2
practice effects occurring at all four assessments. shows the group mean data for each cognitive test at all
Finally, thet tests conducted in Stage 2 of the data analyfour assessments. Repeated measures ANOVA conducted
sis were also used to determine whether performance hash this data indicated that performance improved signifi-
changed during the “lunch break” between Assessments antly on all tests over this period, with the exception of the
and 3. Similart tests were also conducted on the self-ratedaccuracy measure on the divided attention and incidental
fatigue and anxiety data to determine whether the “lunchlearning tests. The magnitude of these changes are indi-
break” affected fatigue and anxiety. cated by the mean percentage change scores and the Co-
hen’sd statistic, also presented in Table 2. Analysis ofdhe
statistic reveals that performance improvements ranged from
RESULTS 0.30 to 1.22 averag&D units. However, most improve-
The test—retest reliability coefficients of the cognitive testsments were of the magnitude of 0.6 to B8 units. Using
administered ranged from .23 to .79, however for the maCohen’s (1988) overlap values, thekscores represent be-
jority of performance measures reliability coefficients weretween 48.4% and 61.8% overlap between the distribution
greater than .6 (Table 1). Reliability coefficients were gen-of first assessment and the distributions of the fourth as-
erally lowest for the Test 1-Test 2 retest interval and greatsessment. When the mean change score for any test was
est for the last two intervals on all cognitive tests. Theseexpressed as a percentage of the Assessment 1 score for that
data suggest that the reliability of the cognitive tests admintest, the amount of change was greater for simpler tests than
istered in the present study was acceptable. Therefore valii@r more complex tests. Mean changes in RT ranged from
inferences about practice effects can be made on the basi89 ms to 324 ms, while mean changes in accuracy ranged
of comparisons between serial assessments. from 6.79% to 22.76%. For all cognitive tests, performance
Self-rated fatigue, anxiety and level of education werewas worse at the first test administration, as indicated by
not found to be significant covariates in any of the repeatedhe slower RTs and lower accuracy of responses relative to
the second, third, and fourth assessmemtsst-hoctrend
LThe formula for the denominator in the adjusted pooled variance@n@lyses indicated that power functions provided the best
estimate ofd suggested by Cohen (1988) I} + SD, — 2r,, SR SQ]. description of this practice effect for most tests (Table 3).
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Table 2. Cognitive test data for participants assessed four times in 3 hr

S109}Jo °dl1deld

Cognitive test

Test 1
N =103
M (SD)

Test 2
N =103
M (SD)

Test 3
N =103
M (SD)

Test 4
N = 103 Mean change score
M (SD) M (SD)

% change

d

F statistic

Simple Reaction Time 1
RT

Simple Reaction Time 2
RT

Simple Reaction Time 3
RT

Choice Reaction Time
RT

Complex Reaction Time
RT

Continuous Performance
RT

One Back
RT
Accuracy

Divided Attention
RT
Accuracy

Matching
RT
Accuracy

Incidental Learning
RT
Accuracy

Associative Learning
RT
Accuracy

755.58 (510.03)
681.10 (544.44)
623.90 (538.47)
872.16 (494.49)
1062.61 (479.58)
842.69 (773.86)

1197.59 (432.59)
62.89 (18.63)

1594.37 (624.51)
71.07 (19.48)

1947.82 (475.41)
64.98 (22.79)

1391.49 (494.32)
48.25 (19.26)

1669.68 (360.52)
63.81 (15.74)

461.99 (274.57)
582.60 (444.17)
495.88 (332.86)
720.99 (342.47)
899.37 (321.32)
619.33 (321.45)

1086.11 (335.20)
72.79 (17.94)

1495.63 (557.96)
75.42 (18.22)

1749.12 (433.76)
83.37 (17.56)

1350.87 (366.50)
65.41 (21.22)

1569.75 (282.21)
71.79 (14.98)

447.55 (225.02)
447.36 (258.80)
455.61 (317.59)
636.73 (206.19)
852.07 (233.22)
576.79 (176.02)

1042.53 (333.62)
76.29 (18.49)

1463.08 (545.08)
71.58 (18.79)

1732.01 (387.08)
86.81 (15.07)

1299.68 (351.93)
65.83 (19.30)

1537.70 (254.91)
73.59 (14.83)

433.29 (343.83) —324.29 (542.17)
455.19 (221.24) —212.91 (496.66)
428.44 (267.58) —198.68 (480.12)
613.85 (148.89) —261.31 (471.92)
817.18 (209.26) —246.91 (466.99)
535.31 (154.82) —309.97 (739.77)

992.52 (306.62)—207.97 (401.94)
78.83 (17.84)

1409.33 (425.73)—185.09 (646.37)
77.86 (18.25)

1762.69 (399.41)-188.61 (548.57)
87.74 (14.57)

1253.43 (418.88)—138.66 (522.15)
62.48 (20.69)

1477.69 (245.31)—207.70 (331.75)
74.49 (13.95)

15.97 (21.18)

6.79 (24.49)

22.76 (21.84)

14.13 (25.50)

10.68 (11.27)

—42.92

—31.26

—31.84

—29.96

—23.24

—36.78

—17.36

25.41

—11.61

—9.68

15.39

—9.96

29.28

—12.44

16.74

0.75

0.59

0.48

0.80

0.71

0.66

0.55

0.35

0.42

0.30

0.63

28.66***
13.56%**
10.89***
20.88***
17.70%**
13.56***

10.03***
0.87 28.67***

2.57°
0.36 4.32**

15.44%**
1.22 76.95***

0.58%
0.71 19.79%+*

9.14***
0.72 13.17%*

All data are presented as meah$D) unless otherwise stated; RTreaction time; Accuracy percent correct; Test % first administration; Test 2 second administration; Test=3third administration; Test
4 = fourth administration.; Ald statistics were calculated by dividing the difference between the mean scores by the agaged < .05; ** = p < .01; *** = p < .001; NS= not significant; mean change
score is Test 4 mean minus Test 1 mean. All response times are in millisecond units.
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Table 3. Results of linear, power and logarithmic trend analysis conducted on cognitive data collected over four assessments

2 2 2

Linear function equation r Power function equation r Logarithmic function equation r

Simple Reaction Time 1

RT y=—98.13% + 769.94 .67 y=689.2% 3233 .92 y=-234.86Lnk) + 711.21 .84
Simple Reaction Time 2

RT y= —81.29&+ 744.81 .88 y=703.36 2404 .85 y= —179.66Lnk) + 684.3 .93
Simple Reaction Time 3

RT y=—62.66% + 657.62 .87 y=615.24 02718 99 y=-141.92Lnk) + 613.71 .97
Choice Reaction Time

RT y=—85.92k+925.74 .90 y=867.15% ©-2622 .99 y=-1929Lnk) + 864.19 .98
Complex Reaction Time

RT y=—78.36k + 1103.7 .87 y=1050.x °-18% .98 y= —177.75Lnk) + 1049 .97
Continuous Performance

RT y= —96.46% + 884.7 .82 y=820.3§ ©3252 .96 y= —221.47Lnk) + 819.49 .94
One Back

RT y = —65.8&% + 1244.4 .95 y=1196.4 21323 .99 y=—-145Ln{) + 1194.9 .99

Accuracy y = 6.2854 + 58.281 .89 y=62.81%°1993 .97 y=14.154LnK) + 62.749 .98
Divided Attention

RT y= —58.76%k + 1637.5 .95 y=1593.% ©:08%% .99 y=-128.59LnK) + 1592.8 .99

Accuracy y = 2.0976& + 69.498 45 y=71.22%°0593 A4y =4.44721.nK) + 71.208 44
Matching

RT y= —57.24% + 1941 54 y=1909.& 00774 .73 y=-143Lnf) + 1911.5 .73

Accuracy y =7.478X + 64.577 77 y=69.26%°-2227 .90 y=17.452LnK) + 69.407 91
Incidental Learning

RT y= —46.53% + 1440.2 .99 y=1402.% 0073 .94 y=-97.312Lnk) + 1401.2 .95

Accuracy y = 3.36& + 52.819 29 y=53.3440°-165% .52 y=9.2905Lnk) + 53.857 .49
Associative Learning

RT y=—60.80k + 1715.7 .96 y=1670 °°8 .98 y= —132.47Lnk) + 1669 .98

Accuracy y = 4.0864& + 61.045 .97 y=64.29&°-12¢7 .99 y=8.8855Lnk) + 64.202 .99

RT = Response time in milliseconds; Accuraeypercent correct.

Table 4 shows the mean percentage change scores andthin the second assessm¢Ri2,101 = 5.31,p = .006],
the Cohen'dd statistic for all cognitive tests at each test— but not within any of the later assessments [Assessment 3:
retestinterval. The results indicate that significantimprove+(2,101) = .89, p = .41; Assessment 4(2,10) = 1.94,
ments in performance occurred between Assessment 1 ampd= .15].
Assessment 2 for all cognitive tests, with the exception of Figure 1 displays power curves fitted to group mean RT
the divided attention test. In contrast, few significant changeslata for each of 15 individual trials included in the SRT1
in performance occurred at the later test—retest intervaldest at all four assessments. At the first assessment, a rapid
although this may be partly due to the relatively large vari-decrease in mean RT is observed over the first 5 to 6 trials,
ability in group performance masking the small group mearfollowed by a stabilization of RTs over the last 9 to 10
improvements (Table 2). For most tests, Cohah'as trials. This pattern contrasts that observed in later assess-
larger for the Assessment 1-Assessment 2 interval than ments, where faster and more consistent RTs are observed
calculated for the later between assessment intervals; hovacross all trials.
ever, these differences only reached significance for the Importantly, very few significant changes were observed

SRT1[F(1,102 = 14.64,p < .001], matchingF (1,102 = between assessments two and three, during which time par-
8.01,p = .001] and incidental learning taskE (1,102 = ticipants ate lunch. Further, self-rated levels of fatigue and
8.22,p = .001]. anxiety did not change significantly during this “lunch

Statistical analysis of the SRT test data (Table 2) withbreak”.
repeated measures ANOVA indicated significant main ef-
fects of assessmeff (1,102 = 16.99,p < .001] and SRT
test[F(1,102 = 5.23,p = .007] as well as a significant DISCUSSION
Assessmenk SRT test interactiofiF (2,103 = 3.99,p = When a brief automated cognitive test battery was admin-
.001]. Further one-way ANOVAs conducted on the SRTistered to a large group of neurologically normal individu-
test data for each assessment indicated that significarals four times during a period of 3 to 4 hr, significant
changes in RT occurred within the first assessment [i.e.improvements in test performance were observed both be-
SRT1vs.SRT2vs.SRT3;F(2,10) = 7.89,p = .001], and tween and within assessments. This improvement was most
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Table 4. Mean change scores, percentage change scores and Cdloenal cognitive tests for Assessments 1 to 4

Test 1-Test 2

Test 2—Test 3

Test 3—Test 4

Cognitive test Mean change score % change d Mean change score % change d Mean change score % change d
Simple Reaction Time 1

RT —300.55 (475.22)*** —39.78 75 —14.45 (225.66) —3.12 .06 —14.26 (270.17) —3.19 .05
Simple Reaction Time 2

RT —102.06 (494.34)** —14.98 .20 —113.38 (324.65)** —19.46 .38 —3.40 (204.01) -0.76 -.03
Simple Reaction Time 3

RT —128.88 (433.97)*** —20.66 .29 —38.09 (228.87) —7.68 A2 —29.27 (214.67) —6.42 .09
Choice Reaction Time

RT —159.88 (401.61)*** —18.33 .36 —84.26 (270.22)*** —11.69 31 —22.89 (161.01) —3.59 13
Complex Reaction Time

RT —160.25 (370.89)*** —15.08 41 —50.54 (263.73) -7.01 A7 —34.89 (183.63) —4.09 .16
Continuous Performance

RT —230.36 (662.59)*** —27.34 41 —42.54 (272.10) -3.91 A7 —41.49 (169.90)* -7.19 .25
One Back

RT —120.47 (458.30)** —10.06 .29 —43.58 (345.78) —-4.01 13 —50.01 (272.23) —4.80 .16

Accuracy 10.99 (21.28)*** 17.47 .54 3.35(16.41)* 4.60 .19 2.49 (13.89) 3.27
Divided Attention

RT —86.33 (749.58) —5.41 A7 —42.50 (719.49) —2.84 .06 —53.75 (604.53) —-3.67 A1

Accuracy 4.18 (22.53) 5.88 .13 —3.59 (20.32) —4.76 —-.20 7.78 (19.19)** 10.87 .34
Matching

RT —225.42 (485.65)*** —11.57 44 —33.59 (299.18) -1.92 .04 30.68 (313.39) 1.77 —.08

Accuracy 18.56 (19.28)*** 28.56 91 3.42 (11.59)** 4.10 .21 1.39 (11.55) 1.60
Incidental Matching

RT —73.97 (491.25)* -5.32 .09 —36.51 (392.63) —2.70 .14 —20.86 (386.08) -1.61 A2

Accuracy 16.67 (24.59)*** 34.55 .85 1.93 (25.71) 2.93 .02 —4.09(21.83) 6.23 -.17
Associative Learning

RT —138.26 (284.09)** —8.28 31 —69.55 (211.76) —4.43 A1 —29.78 (167.14) -1.94 .24

Accuracy 6.85 (10.82)*** 10.73 .52 2.52(10.61) 3.51 A2 1.60 (9.15) 2.17

RT = response time; Accuracy percent correct. All change score data is presented as meBD)(All d statistics were calculated by dividing the difference between the mean scores by the a®&aged
p < .05; ** =p < .01; *** = p < .001. All response times are in millisecond units.
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Fig. 1. Within and between assessment practice effects revealed by analyses of trial by trial data for the Simple
Reaction Time (SRT) test. Power curves are fitted to the group mean data plotted by trial number. Regression equations
andr? values are displayed on the chart. SRT% $RT Test 1 in Assessment 1; SRT1=5RT Test 1 in Assessment

2; SRT1_3= SRT Test 1 in Assessment 3; SRT1=4SRT Test 1 in Assessment 4.

evident between the first and second assessment, as perf@ellie et al., 2002). Combined with the amount of time
mance remained more stable between the second, third awdten required to administer a conventional test battery, these
fourth assessments (Table 2, Figure 1). These results apgoperties ensure that paper-and-pencil tests are not com-
consistent with those of recent studies that have employethonly used in settings where serial assessments are re-
conventional neuropsychological tests and test—retest integuired at very brief test—retest intervals.
vals of weeks or months (e.g., Benedict & Zgaljardic, 1998; The cognitive test battery employed in the current study
Ivnik et al., 1999; Theisen et al., 1998). On the basis of theiis based on standard neuropsychological and experimental
findings, these studies propose that the positive effects gisychological tests, has many alternate forms and accept-
practice are most evident between the first and second a@ble test—retest reliability (Table 1), although the equiva-
ministration of a cognitive test. While our results generallylence of these alternate forms has not been empirically
support this proposal, there are important differences beestablished. The more complex tests within the present bat-
tween the present and previous investigations. tery are sufficiently difficult that ceiling effects are uncom-

In the present study, all assessments were conducted withinon, while the output of interest from the less complex
a brief period of time to reflect the design of studies inves-tests is in the form of response times, which allows the
tigating the effects of anesthesia or sedation on cognitivédentification of even minor changes in performance (e.qg.,
function. In contrast, prior studies have employed test-in the order of milliseconds). Combined, these factors en-
retest intervals ranging from days to years to provide meansure that the data presented in the current study is interpret-
ingful serial normative data for investigations of aging, able and meaningful, and that very mild changes in cognitive
disease processes, and recovery of cognitive function folfunction may be observed reliably.
lowing medical or pharmacological treatment (McCaffrey Our data suggests that a number of methodological strat-
et al., 2000). The poor psychometric properties of somesgies may aid in the differentiation of practice from treat-
commonly employed neuropsychological tests may act tanent effects in studies employing brief test-retest intervals.
confound accurate interpretation of serially acquired datarirst, practice effects appear to operate mainly between first
(e.g., floor and ceiling effects, poor test-retest reliability;and second assessments on most tests (Tables 2 and 4). An
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effective method of minimizing practice effects prior to a battery, given our observation that practice effects occur
treatment condition may therefore be to conduct dual basewithin a 15-min testing session (see below).
line assessments and exclude the results of the first from As noted in the introduction, the automation of cognitive
further analysis. Second, it appears that at least on psychtests allows the examination of changes in performance
motor tests, practice effects only operate for the first 5 to Bwithin a testing session if enough responses are collected to
trials in a 15-trial test (Figure 1Post-hocexclusion of the  allow statistical comparison. Our results indicate that RTs
first few trials on these tests may therefore minimize theon the three SRT tests became significantly faster during
effects of practice and provide equivalence between assesthe first assessment (Table 2). These SRT tests were admin-
ments. Finally, inclusion of a nontreatment group in whomistered at the beginning (SRT1), in the middle (SRT2), and
the magnitude of practice effects can be quantified may aic@t the end (SRT3) of the assessment, during which several
data interpretation, and allow determination of any inter-other more complex cognitive tests were administered. These
actions between practice and treatment effects (Collie et alfindings suggest that prior test exposure can affect sub-
2002). Adoption of all of these strategies concurrently wouldsequent performance at test-retest intervals of minutes, and
provide maximum protection against potentially very largeoccur even when the individual is performing other tests
practice effects, and allow more accurate analysis and infor the entire test—retest interval. At the second assessment,
terpretations of treatment effects. performance on the SRT tests had reached an asymptote
Many recent research articles have employed a converand no further significantimprovements were recorded. Sim-
tional method of calculating group changes in test scoreilarly, no changes in SRT performance were observed for
whereby baseline score is subtracted from follow-up scor¢he third and fourth assessments. This finding has implica-
and the degree of change is expressed as a percentage of thans for the interpretation of data collected during any cog-
baseline score (e.g., Benedict & Zgaljardic, 1998). How-nitive test, and particularly during tests of duration greater
ever, this method considers only the mean level of perforthan 15-20 min, as it suggests that without prior exposure
mance, and does not account for variability in groupthe individual’s level of performance may alter signifi-
performance. In the current study, we compared the mageantly from the beginning to the end of a testing session of
nitude of practice effects estimated according to this conthis length. This finding also implies that the distribution of
ventional method with estimates derived from a statisticaldata for tests or test batteries with similar or longer dura-
method that takes into account the variability in test scordions should be inspected prior to statistical analysis, and
(Cohen’sd statistic; Table 2). This statistic has been usedhat the effects of within-session practice effects should be
previously to examine test—retest differences in neuropsydetermined and corrected methodologically. However, this
chological tests (Zakzanis et al., 1995). Results from theorrection may not be necessary for data collected in sub-
percentage change method suggested that as test complesequent assessments of the same individual.
ity increased the effects of practice decreased. This con- A number of factors may limit any conclusions drawn
trasts previous investigations that observe greater and longéom the present study. For example, the sample studied
lasting practice effects on more complex cognitive testsvere well educated, very healthy and of an older age group.
(e.g., Wisconsin Card Sorting Test), and propose that this i&\ll of these factors may have some influence on the mag-
due to the individual adopting some strategy for test com-nitude of practice effects (Horton, 1992; Rapport et al.,
pletion or for accurately remembering test stimuli betweenl997). Further studies are required in different demo-
first and second testing sessions (Basso et al., 1999). Fgraphic groups before the current findings may be general-
this reason, the results of the percentage change methazked. Also, the playing-card stimuli employed for the
seem counter-intuitive and unlikely. Analysis of thesta-  cognitive tests may have been familiar to some participants
tistic indicated that practice effects were relatively uniformbut not to others. It is possible that in some participants
across all tests. While these results also contrast with preegular exposure to card games may have acted to reduce
vious research, they are not without precedent. For exanthe magnitude of practice effects, as previous research has
ple, we calculated thd statistic on the data presented by observed that mere exposure to test-taking situations may
Ivnik and colleagues (1999; Table 3), who derived factorpositively influence performance (Anastasi, 1988). Our re-
scores from data gained by administering the Wechsler Adukults and conclusions may be of particular interest to clini-
Intelligence Scale—Revised (WAIS-R) and the Wechslercians working in medical fields where patients are exposed
Memory Scale—Revised (WMS-R) to a group of 50 normalto agents or interventions that may have transient or short-
people on four occasions at test—retest intervals of 12 monthfasting effects on cognition.
A uniform improvement was observed between the first
and second testing sessions for factor scores representiREFERENCES
varied cognitive d.om"?"”s__(verpa' ComprehenSIOFF. '2.3’ . Anastasi, A. (1988)Psychological testing6th ed.). New York:
Perceptual Org_anlzanod.— 30 Attentlon—C_oncentranon. Macmillan.
_d: -20; Rgtentlo_nd = .34), with the exception of a learn- Basso, M.R., Bornstein, R.A., & Lang, J.M. (1999). Practice ef-
ing factor in which a greater level of improvement was  fects of commonly used measures of executive function across

observed § = 0.62). The smaller _tha” expected practice  twelve monthsClinical Neuropsychologistl3, 283—292.
effects observed on difficult tasks in the present study maenedict, R.H.B. & Zgaljardic, D.J. (1998). Practice effects dur-

also be due to their temporal position at the end of the test ing repeated administrations of memory test with and without
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