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Abstract

The internal consistency and convergent and discriminant validity of the d2 Test, a cancellation test of attention and
concentration, was examined in a sample of 364 U.S. adults. Test-taking strategy, new process scores for assessing
performance constancy, and relations to gender and education were explored. Results suggested that the d2 Test is
an internally consistent and valid measure of visual scanning accuracy and speed. Overall performance scores were
related to a proxy measure of test-taking strategy in the expected direction, and new acceleration and deterioration
measures exhibited convergent validity. Suggested directions for future research include discrimination of
attentional processes that support immediate and sustained visual scanning accuracy and speed, further examination
of the impact of test-taking strategies on overall performance measures, and additional construct validity
examinations for the new process measures. (JINS, 2004,10, 392–400.)
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INTRODUCTION

The construct of attention has been defined in many differ-
ent ways in the cognitive and neuropsychological litera-
tures. It is currently thought that attention is not a unitary
process, but rather that it comprises multiple, dissociable
processes dependent in part on the task or situation at hand
during measurement, input modalities, stimulus features,
behavioral relevance, and the active processes employed to
search, shift, focus, and maintain attention (Luck & Vecera,
2002). Accordingly, current literature distinguishes be-
tween different types of attention (e.g., selective, focused,
and sustained attention), as well as different types of defi-
cits in attention (e.g., neglect, perseveration, distractibility),
each testable with unique neuropsychological approaches
and associated with distinct attentional models (e.g., Treis-
man & Gelade, 1980; Posner & Petersen, 1990; Desimone
& Duncan, 1995). The most widely used neuropsychologi-
cal tests of attention (e.g., the Continuous Performance Test,
CPT) can distinguish deficits in speed of processing (both
mental and sensory), reaction time (motor), and the inter-

action between processing speed and task complexity, but
they are frequently inadequate for identifying specific clin-
ical populations (e.g., Halperin et al., 1991). Given that
clinical identification of patient populations is central to the
neuropsychologist, tests of attention that offer alternative
means of classifying attentional deficits may be valuable.

The d2 Test, a cancellation test involving simultaneous
presentation of visually similar stimuli, has been proposed
as a particularly useful measure of attention and concentra-
tion processes (Brickenkamp & Zillmer, 1998). The task is
to cancel out all target characters (a “d” with a total of two
dashes placed above and0or below), which are interspersed
with nontarget characters (a “d” with more or less than two
dashes, and “p” characters with any number of dashes), in
14 successive timed trials (Brickenkamp, 1962). The diag-
nostic utility and construct validity of the d2 Test have been
well supported in European samples, yet this test remains
relatively unknown in the U.S. (see Brickenkamp & Zill-
mer, 1998, for a review). The primary aims of the current
study were to (1) examine construct validity and internal
consistency of the d2 Test using a U.S. adult sample; (2) de-
termine the psychometric characteristics of performance
measures that have been proposed; and (3) derive process
measures that may be useful for examining performance
constancy and test-taking strategies.
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Although the d2 Test was developed prior to contempo-
rary models of attentional processing, it may be a useful
alternative to other cancellation tests in common use due to
several unique characteristics (see Lezak, 1995; Spreen &
Strauss, 1998). For example, according to Desimone and
Duncan’s (1995) biased competition model of attentional
control, target and distracter objects compete for limited
processing capacity during visual search, and thus the test
taker must selectively attend to relevant stimuli while fil-
tering out irrelevant stimuli in a rapid manner. For a unique
target in an array of homogeneous distracters, detection is
simple due to a strong competitive bias towards local inho-
mogeneities (Sagi & Julesz, 1984). The d2 Test, on the
other hand, includes nontarget distracters that are visually
quite similar to targets (i.e., a “d” with varying spatial con-
figurations of two dashes), thus reducing the competitive
advantage of the targets and requiring more complex pro-
cessing because competition for attention is high.

In addition to bottom-up or stimulus-limited bias, the
competition model suggests that top–down control biases
competition toward the information that is behaviorally rel-
evant based on the demands of the task (selection of targets
over nontargets). Attentional control becomes more compu-
tationally challenging when multiple, visually similar ob-
jects occur in the visual field because the stimuli will compete
for attention (Desimone & Duncan, 1995; Luck & Vecera,
2002). In the d2 Test, due to their physical similarity to the

target, distracters would be expected to share in the bias
provided by the top–down attentional template. The mental
template and neural representation of the target must there-
fore be complex to differentiate d2 targets and nontargets,
and also to allow for detection of varying stimulus config-
urations of targets (i.e., the target letter “d” with varying
spatial configurations of two dashes).

Given the fast-paced repetition of 14 trials without rest-
ing, similarities between target and nontarget stimuli, and vi-
sual stimulus variations of correct targets, the d2 Test can be
used to measure scanning accuracy and speed, as well as learn-
ing and test-taking strategies. Its duration and difficulty al-
low analysis of the participant’s ability to achieve, shift, and
maintain attention (elements of sustained attention); focus
on and select target stimuli (elements of selective attention);
improve or worsen with practice; and develop strategic ap-
proaches to discriminating between targets and nontargets.

Construct Validity of Scores

To examine the construct validity of preestablished perfor-
mance scores, intercorrelations among d2 scores were de-
termined, and their relatedness to other measures of
neuropsychological functioning was analyzed. Previously
examined d2 performance scores (Brickenkamp & Zillmer,
1998) are described in Table 1 and include (1) total number
of characters processed (TOT #), (2) total number of errors

Table 1. Abbreviations, descriptions, and calculation of d2 Test measures

In text
abbreviations

Standard
abbreviations1 Description of measures Computation

TOT # TN Total number of characters processed2 Sum of number of characters processed before the final
cancellation on each trial

O ERR O Errors of omission2 Sum of number of target symbols not cancelled
C ERR C Errors of commission2 Sum of number of nontarget symbols cancelled
TOT ERR E Total errors2 Sum of all errors of omission and commission
% ERR E % Percent of errors2 Total number of errors divided by the total number of

characters processed
TOT CORR TN-E Total correctly processed2,3 Total characters processed minus total errors made
CONC CP Concentration performance2,3 Total number of correctly cancelled minus total number

incorrectly cancelled
FLUCT FR Fluctuation rate

(in speed of processing)2
Maximum total items processed in a trial minus

minimum total items processed in a trial
ERR DIST ED Error distribution2 Average errors for last 4 trials minus average errors for

first 4 trials
ACCEL Acceleration4 (increases in speed) Intraindividual correlation between trial number and

speed (Z transformed)
DETER Deterioration4 (increases in errors) Intraindividual correlation between trial number and

errors (Z transformed)
STRAT Strategy index4 The total number of characters processed and the percent

of omission errors (O ERR0TOT #) were standardized
(z scores) and summed. High score5 fast with many
errors; Low score5 slow with few errors

1Abbreviations designated in the d2 Manual (Brickenkamp & Zillmer, 1998).
2Existing measures examined in convergent and discriminant validity analyses.
3Compared for accuracy in determining overall level of performance.
4New measures examined in convergent and discriminant validity analyses.
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(TOT ERR), (3) errors of omission (O ERR), (4) errors of
commission (C ERR), (5) percent errors (% ERR), (6) total
number correctly processed (TOT CORR), (7) concentra-
tion performance (CONC), (8) fluctuation rate (FLUCT),
and (9) error distribution (ERR DIST).*

The overall performance measures of TOT CORR and
CONC significantly correlated with several complex mea-
sures of attention such as the Symbol Digit Modalities Test
(Smith, 1973), which assesses visual scanning, tracking,
and sustained attention. Smaller, but statistically signifi-
cant, correlations were reported for the Stroop Color Word
Test, a measure of concentration, distractibility, and re-
sponse inhibition, and Trail Making Test Parts A and B,
which assess complex visual scanning and mental flexibil-
ity in addition to attention (Brickenkamp & Zillmer, 1998).
These findings support the validity of the d2 overall perfor-
mance measures as indicators of visual search and atten-
tion. Weak correlations with the Wechsler Adult Intelligence
Scale–Revised (WAIS–R) Picture Completion and Infor-
mation suggested that the d2 Test assesses abilities that are
relatively independent of those assessed by these perfor-
mance and verbal subtests of this general intelligence test
(Davis & Zillmer, 1998; cited in Brickenkamp & Zillmer,
1998).

Overall Performance Assessment
Selection of an appropriate overall performance measure is
crucial, as alternative measures may be differentially influ-
enced by the test-taking strategies implemented by partici-
pants. Brickenkamp & Zillmer (1998) reported that two
overall d2 performance measures, TOT CORR and CONC,
were strongly correlated with TOT # (r 5 .95 and .72,
respectively) and were more moderately correlated with
TOT ERR (r 5 2.32 and2.65, respectively) in a large
U.S. college sample. The magnitude of the correlations
suggests that TOT CORR is highly reflective of processing
speed (TOT #) and less reflective of cancellation errors
(TOT ERR), whereas CONC represents both errors and speed
about equally. The total number of characters correctly pro-
cessed is a commonly used measure of overall perfor-
mance, however, the TOT CORR score can be inflated when
the respondent skips over many items (see Brickenkamp &
Zillmer, 1998 for an illustration). In the current study, the
TOT CORR score was compared to a second score, concen-
tration performance, which is presumably not inflated by
excessive skipping because it is based on the number of
target and nontarget characters cancelled (Brickenkamp &
Zillmer, 1998). Each of these overall performance mea-
sures was also compared with an index of test-taking strat-
egies (STRAT; see Table 1) to empirically test the notion
that CONC is less vulnerable to this source of error than
TOT CORR.

Existing and New Process Scores

Two new process scores, that assess increases in speed and
increases in errors across the 14 test trials, were derived to
provide information about individual differences in learn-
ing, endurance, and performance constancy. A previously
proposed measure of systematic changes in accuracy dur-
ing test administration, error distribution (ERR DIST), is
computed by subtracting the average errors for the first four
trials from the average errors for the last four trials (Spreen
& Strauss, 1998). Given that this score is used to interpret
improvement or deterioration over test-taking time, a more
sensitive measure would take into account all trials, and
would be represented by the degree of linear relationship
that TOT ERR has with trial number. Accordingly, scores
that represented intraindividual correlations between trial
number (1 through 14) and errors, termed deterioration
(DETER), and between trial number and speed, termed
acceleration (ACCEL), were computed for each participant
to assess changes in scanning accuracy and speed over time.
Decreases in errors and increases in speed as testing pro-
gresses would suggest learning, whereas increases in errors
and decreases in speed during test administration could in-
dicate increasing fatigue or an inability to maintain attention.

In summary, the current study examined the internal con-
sistency, and convergent and discriminant validity of d2
performance scores in relation to other cognitive measures,
empirically tested whether CONC is a measure of overall
performance that is less influenced by test-taking strategies
than TOT CORR, and explored two new measures of test-
taking process. d2 scores were expected to share most vari-
ance with other measures of visual scanning and attention,
including the Digit Symbol Substitution Test and the Trail
Making Test Parts A and B, but little variance with mea-
sures of general intelligence, memory, and abstraction abil-
ities. d2 error scores were expected to be highly correlated
with one another and only marginally correlated with TOT #,
given that they reflect distinct dimensions of accuracy and
speed, respectively. TOT CORR and CONC should be sig-
nificantly correlated with both total processed (TOT #) and
the error scores (TOT ERR, % ERR, O ERR, C ERR) given
that these measures involve both speed and accuracy. CONC,
however, should have a weaker association than TOT CORR
with a proxy measure of skipping as a test-taking strategy.
Finally, we explored the validity of new test-taking process
measures.

METHOD

Research Participants

The present study used data from one age cohort of the
Rutgers Health and Human Development Project (RHHDP;
see Bates & Tracy, 1990; White et al., 2001). The initial
sample was obtained through a stratified random telephone
sampling technique. Eligibility was based upon year of birth
and the absence of serious physical or mental handicap,

*The abbreviations used here were constructed to readily convey the
meaning of the performance measures to readers and are not the same as
the standard d2 Test abbreviations used in Brickenkamp and Zillmer (1998).
Both sets of abbreviations are shown in Table 1.
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language barrier, and institutionalization. A total of 1380
adolescents representing three birth cohorts (1961–1963,
1964–1966, and 1967–1969) were initially tested. The sam-
ple was predominantly Caucasian (90%), compared to 83%
of the New Jersey population at the study’s inception (U.S.
Bureau of the Census, 1981). The youngest cohort (N 5
364, 187 women) has been followed longitudinally across
five assessment points; data for this study were obtained at
the 5th assessment point when the d2 Test was added to the
RHHDP neuropsychological test battery. This birth cohort
was between the ages of 28 and 32 (4.4% were 28 years old,
33% were 29 years old, 44% were 30 years old, 15.9% were
31 years old, and 2.7% were 32 years old).** See Pandina
et al. (1984) for detailed information on sampling.

Measures

d2 test

The standard version of the d2 Test is a one-page paper-and-
pencil cancellation test, consisting of 14 rows (trials), each
with 47 interspersed “p” and “d” characters (Brickenkamp
& Zillmer, 1998). The characters have one to four dashes
that are configured individually or in pairs above and0or
below each letter. The target symbol is a “d” with two dashes
(hence “d2”), regardless of whether the dashes appear both
above the “d”, both below the “d”, or one above and one
below the “d”. Thus, a “p” with one or two dashes and a “d”
with more or less than two dashes are distracters. The par-
ticipant’s task was to cancel out as many target symbols as
possible, moving from left to right, with a time limit of 20
s0trial. No pauses are allowed between trials.

The standard equations used to calculate existing process-
ing measures (TOT #, O ERR, C ERR, TOT ERR, % ERR),
overall performance (TOT CORR, CONC), and perfor-
mance variability (ERR DIST, FLUCT) are shown in Table 1
(see also Brickenkamp & Zillmer, 1998). Given the com-
plexity of ACCEL, DETER, and STRAT measures, their
computation is described here. The number of errors and
the number of target characters processed on each of the 14
trials was calculated. Next, for each participant, the number
of errors was correlated with the corresponding trial num-
ber (1–14), and the number of characters processed was
correlated with the corresponding trial number. These two
within-subject correlation coefficients were thenz trans-
formed. Thez-transformed within-subject correlation of char-
acters processed with trial number was a measure of
acceleration (ACCEL), and reflected the degree to which
processing speed increased or decreased during test admin-
istration. For instance, a score of 0 reflects no systematic
change, whereas a negative value reflects a slowing down
of processing speed as trials progressed. Thez-transformed
within-subject correlation of trial errors with trial number

served as a measure of deterioration (DETER), and re-
flected the degree to which errors increased or decreased
throughout test administration. Also see Michela (1990) for
a discussion of this technique.

For the strategy index (STRAT), percent of errors and
TOT # were standardized in reference to the sample and
these two standardized scores were summed. A high score
thus reflected relatively faster processing speeds, but ac-
companied by more missed targets—a skipping strategy,
whereas a low score reflected relatively slow processing
speeds with few missed targets—a cautious strategy.

Other neuropsychological measures

Convergent and discriminative validity of the d2 scores was
examined in relation to performance on the other neuropsy-
chological tests included in the RHHDP neuropsychologi-
cal battery (Bates & Tracy, 1990). These included a brief
version of the Booklet Category Test (BCT, DeFillippis &
McCampbell, 1991; Russell & Levy’s revision, 1987), the
Trail Making Test Parts A and B (Reitan & Wolfson, 1985),
the Vocabulary and Verbal Abstraction Tests from the Ship-
ley Institute of Living Scale (Zachary, 1986), the Digit-
Symbol Substitution Test, the Block Design Test, and the
Digit Span Test (forward and backward) from the Wechsler
Adult Intelligence Scale–Revised (Wechsler, 1981), and
the Spatial Relations Test from Thurstone’s Primary Ability
Tests (Thurstone & Thurstone, 1947). The Shipley Abstrac-
tion and Vocabulary scores were squared, and Trail Making
A and B scores were square rooted, to reduce skew.

Data analysis

Internal consistency of d2 scores was assessed by Cron-
bach’s alpha. Construct validity of existing and new pro-
cess measures was examined by computing, and testing for
significant differences in, the correlations among d2 scores,
and by factor-analyzing d2 scores together with test scores
from multiple neuropsychological ability domains. The in-
fluence of test-taking strategies on measures of overall d2
performance was examined through correlations of the per-
formance measures with STRAT. Finally, ANOVAs were
used to test for gender, education, and their interaction ef-
fects on d2 performance.

RESULTS

Internal Consistency

The d2 performance subscales exhibited excellent internal
consistency (Cronbach’s alpha, see Table 2), with the ex-
ception of C ERR. It should be noted, however, that partici-
pants made few errors of commission, as is typical of
cancellation tests (Smith et al., 2002). C ERRs were signif-
icantly lower than O ERRs (within participantst[354] 5
19.62,p , .0001), indicating that total error scores (TOT
ERR and % ERR) were most reflective of errors of omis-
sion (r 5 .99 and .96, respectively).

**Five participants were eliminated from all analyses due to recent
(within 24 hr) use of marijuana, phentermine (stimulant for weight loss),
methadone, and heavy use of alcohol (12 beers), which could have altered
their neuropsychological test performance.
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Correlations of d2 Subscales

As shown in Table 3, error scores, O ERR, TOT ERR, and
% ERR, were highly intercorrelated, as were “speed” scores,
TOT #, TOT CORR, and CONC. Error scores were only
modestly correlated with the speed scores suggesting that
speed and accuracy are relatively distinct dimensions as
tapped by the d2 measures. CONC exhibited statistically
higher correlations with O ERR, TOT ERR, and % ERR
than did TOT CORR (allp , .01) suggesting that CONC,
as an overall performance measure, is superior to TOT CORR
in reflecting both speed and accuracy components of per-
formance. ERR DIST and, to a lesser extent, FLUCT ap-
peared relatively independent of the other d2 scores,

supporting the idea that overall speed and accuracy are dis-
tinguishable from consistency in speed and accuracy.

The average score for accuracy deterioration (DETER)
was 0, indicating that accuracy was relatively constant across
the d2 trials for many participants. The mean acceleration
score (ACCEL) was significantly below 0 (t 5 29.19,p ,
.001), showing that speed of processing slowed across tri-
als. As expected, DETER was significantly correlated with
ERR DIST, suggesting convergent validity for this measure
of change in accuracy (Table 3). DETER and ACCEL were
positively correlated. Those who increased their speed of
processing also tended to increase in error rate, reflecting a
speed–accuracy tradeoff. DETER and ACCEL were not no-
tably correlated with the other d2 scores, supporting ade-
quate discriminant validity for these two new measures.

Factor Analysis of Cognitive Measures
and d2 Scores

The d2 scores and the other measures of cognitive perfor-
mance were submitted to a principal components factor analy-
sis (eigenvalue. 1 extraction criterion) with an oblique
(promax) rotation. Five factors were extracted, conforming
to the number suggested by the scree plot, and accounted
for 67.83% of the total variance. As shown in Table 4, the
first factor, termed Selective Scanning Speed, was defined
primarily by TOT #, TOT CORR, CONC, and Digit Sym-
bol. In addition, Trail Making Test Parts A and B had mod-
erate loadings on this factor. The second factor, termed
Selective Scanning Accuracy, was comprised of TOT ERR,
O ERR, and % ERR. The third factor, termed General
Intelligence0Abstraction, consisted of Shipley Institute of
Living Abstraction and Vocabulary, Category Test Errors,
Block Design, and Trail Making B. The fourth factor, Se-
lective Scanning Deterioration0Acceleration, had high load-

Table 2. d2 Test descriptive statistics

Mean SD Alpha1 SEM1

TOT # 496.92 75.00 .97 12.99
O ERR 15.93 14.46 .90 4.57
C ERR 1.24 1.78 .61 1.11
TOT ERR 17.18 15.03 .90 4.75
% ERR .03 .03 .90 .01
TOT CORR 479.74 73.90 .97 12.80
CONC 195.19 37.15 .97 6.43
FLUCT 12.34 4.56 — —
ERR DIST 2.05 1.28 — —
DETER .01 .32 — —
ACCEL 2.17 .34 — —

Note. TOT # 5 Total Number of Items Processed, O ERR5 Errors of
Omission, C ERR5 Errors of Commission, TOT ERR5 Total Number of
Errors, % ERR5 Percent of Errors, TOT CORR5Total Correct, CONC5
Concentration Performance, FLUCT5 Fluctuation Rate, ERR DIST5
Error Distribution, DETER5 Deterioration Coefficient, ACCEL5Accel-
eration Coefficient, SEM5 standard error of measurement.
1Provided for additive d2 scores only.

Table 3. Intercorrelations of d2 Test scores

TOT
ERR % ERR

TOT
CORR O ERR C ERR CONC

ERR
DIST FLUCT DETER ACCEL

TOT # .17*** 2.01 .98*** .20*** 2.12* .92*** .05 2.23*** 2.01 .02
TOT ERR — .97*** 2.03 .99*** .37*** 2.22*** .04 .32*** 2.02 2.03
% ERR — 2.21*** .96*** .42*** 2.39*** .02 .39*** 2.02 2.04
TOT CORR — .00 2.20*** .97*** .04 2.30*** .00 .03
O ERR — .26*** 2.20*** .03 .30*** 2.03 2.02
C ERR — 2.27*** .05 .19*** .02 2.06
CONC — .04 2.36*** .01 .05
ERR DIST — 2.10 .84*** .37***
FLUCT — 2.09 2.09
DETER — .39***

Note. TOT #5 Total Number of Items Processed, TOT ERR5 Total Number of Errors, % ERR5 Percent of Errors, TOT CORR5 Total Correct, O ERR5
Errors of Omission, C ERR5 Errors of Commission, CONC5 Concentration Performance, ERR DIST5 Error Distribution, FLUCT5 Fluctuation Rate,
DETER5 Deterioration Coefficient, ACCEL5 Acceleration Coefficient.
*p , .05.
*** p , .001.
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ings of ERR DIST, DETER, and ACCEL. The fifth factor,
termed Immediate Memory, primarily reflected perfor-
mance on Digit Span Forward and Backward. These results
support the convergent and discriminative validity of the
d2 measures, and are consistent with a distinction between
overall levels and fluctuations in speed and accuracy.†

Test-Taking Strategy Index and
Overall Performance Measures

The proxy measure of test-taking strategies, STRAT, was
significantly more strongly correlated with TOT CORR,

r (355)5 .56 than with CONC,r (355)5 .39 (p , .01).
Also as expected, given the computation of STRAT, it was
strongly correlated with both TOT #,r (355) 5 .72 and
O ERR,r (355)5 .82.

Gender and Education Effects

d2 Test scores were submitted to 2 (gender: men, women)3
2 (education: low [completed high school or less], high
[beyond high school]) factorial analysis of variance
(ANOVA). Women and those in the higher education group
(see Table 5) performed better on TOT#, TOT CORR, and
CONC than did men and those in the low education group.
These effects were qualified by significant gender3 edu-
cation interactions. As shown in Table 6, men in the low
education group performed more poorly than all others.

Those in the lower education group also had signifi-
cantly higher % ERR scores, and were significantly differ-
ent from the higher education group on all the process
measures (FLUCT, ERR DIST, ACCEL, and DETER) (see
Table 5). The lower education group performed more slowly
and made fewer errors as the trials progressed, whereas the

†A factor analysis involving only the d2 scores replicated the pattern
in the factor analysis reported in Table 4, and explained 77.73% of the
total variance. O ERR, TOT ERR, and % ERR loaded on an accuracy
factor (variance explained: 33.50%). TOT #, TOT CORR, and CONC
loaded on a speed factor (25.07%), and ERR DIST, DETER, and ACCEL
loaded on an acceleration0deterioration factor (19.16%). Thus, inclusion
of the other cognitive performance measures did not alter the internal
factor structure of d2 scores. In addition, a factor analysis excluding the
new measures (ACCEL and DETER) did not alter the factor structure;
ERR DIST loaded by itself on the deterioration factor and the other factors
remained nearly identical. The results of these factor analyses are avail-
able upon request to the authors.

Table 4. Factor analysis of d2 scores and cognitive measures

Scanning
speed

Scanning
accuracy

General
intelligence0
abstraction

Scanning
deterioration0
acceleration

Immediate
memory

TOT# .99 .18 2.09 .01 .09
TOT CORR .98 2.02 2.08 .01 .09
CONC .93 2.21 2.08 .01 .09
DIG SBL .75 2.02 .11 2.01 2.12
TOT ERR .11 .99 2.04 .02 .02
O ERR .14 .97 2.03 .02 .02
%ERR 2.08 .97 2.03 .01 .02
SHIPLEY A .03 2.07 .75 .02 2.00
CAT ERR .06 .03 2.72 .00 2.03
BLOCK 2.16 2.00 .69 2.01 .27
SHIPLEY V 2.10 2.02 .64 .10 .13
TRAIL B 2.32 2.03 2.63 2.01 .08
DETER 2.04 2.00 .04 .92 2.01
ERR DIST .00 .06 .01 .91 .04
ACCEL .05 2.02 .03 .64 2.05
DSF .02 .02 .03 .04 .82
DSB .06 2.04 .18 2.04 .74
TRAIL A 2.43 2.04 2.47 .01 .36
FLUCT 2.35 .44 .14 2.13 2.11
SPATIAL .21 .11 .24 2.16 .30
C ERR 2.18 .44 2.03 .04 2.02

% variance 28.35 14.66 10.39 7.94 5.48

Note. Principal components extraction and Promax rotation. Underlined loadings are those above .50. TOT #5 Total Number of Items
Processed, TOT CORR5 Total Correct, CONC5 Concentration Performance, TOT ERR5 Total Number of Errors, % ERR5
Percent of Errors, O ERR5 Errors of Omission, C ERR5 Errors of Commission, ERR DIST5 Error Distribution, FLUCT5
Fluctuation Rate, DETER5 Deterioration Coefficient, ACCEL5 Acceleration Coefficient, DIG SBL5 Digit Symbol Substitution
Test, TRAIL A 5 Trail Making Part A, TRAIL B5 Trail Making Part B, SPATIAL5 Spatial Relations Test, DSF5 Digit Span
Forward, DSB5 Digit Span Backward, BLOCK5 Block Design Test, CAT ERR5 Booklet Category Test Errors, SHIPLEY A5
Shipley Abstraction, SHIPLEY V5 Shipley Vocabulary.
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higher education group showed less deceleration in speed
and maintained their initially lower error rate throughout
the trials. An examination of percent errors for each trial
revealed significant advantages for the higher education
group in trials 1 through 3 (p , .005), a somewhat smaller
effect in trial 4 (p , .05), and nonsignificant effects for the
remaining trials (p . .12). Thus, education differences in
error rates were pronounced in early trials and attenuated in
later trials. Finally, significant gender differences (see
Table 5) were found for STRAT. Women appeared more
likely to adopt a skipping test-taking strategy than did men.

DISCUSSION

The d2 Test of attention is a widely used neuropsycholog-
ical tool in Europe. The present results suggest that the d2
Test is an internally consistent and valid measure of atten-
tion in a U.S. sample. The internal consistency coefficients
were nearly identical to those previously reported in other
countries (Brickenkamp & Zillmer, 1998) and, with the
exception of C ERR, occur well within the typical range of
.80 to .95 for neuropsychological tests (Mitrushina et al.,
1999). The results also supported construct validity for the
d2 Test. The factor analysis identified a selective scanning
speed factor, which included three primary d2 measures

(total number of characters processed, the total number
correctly processed, and concentration performance) as well
as the Digit Symbol Substitution Test with primary load-
ings, and FLUCT and Trail Making Parts A and B with
moderate loadings. The Digit Symbol Test involves rapid
scanning and identification of target items among similar
nontarget characters, and thus can be considered a test of
focused attention (Spreen & Strauss, 1998). The Trail Mak-
ing Tests provide information on attention, visual scanning,
eye-hand coordination speed, and information processing
(Mitrushina et al., 1999). This is similar to the selective
attention factor reported by Brickenkamp and Zillmer
(1998) and supports the d2’s construct validity as a mea-
sure of visual search and attention. Although the two mea-
sures of overall performance (number correctly processed
and concentration performance) were highly correlated with
one another and with total characters processed, the new
strategy index revealed an important difference between
them; number correctly processed was significantly more
strongly related to a skipping test-taking strategy than was
concentration performance. This result empirically con-
firms Brickenkamp and Zillmer’s (1998) contention that
the total number correctly processed is more heavily influ-
enced by a skipping strategy than is the concentration per-
formance measure.

Table 5. Analysis of variance and descriptive statistics for significant gender or education main effects

d2 score Gender F Education F Men Women Low education High education

TOT # 16.04*** 15.31*** 485.29 (80.05) 508.38 (68.05) 470.82 (78.62) 506.64 (71.32)
TOT CORR 16.44*** 19.18*** 468.06 (78.31) 491.20 (67.66) 451.19 (75.22) 490.29 (70.65)
CONC 13.66*** 19.63*** 189.75 (38.32) 200.45 (35.35) 180.60 (35.06) 200.47 (36.53)
% ERR 0.19 5.86* .04 (.03) .03 (.03) .04 (.03) .03 (.03)
FLUCT 0.37 5.11* 12.42 (4.48) 12.24 (4.65) 13.26 (5.46) 12.00 (4.16)
ERR DIST 1.55 7.83** 2.13 (1.30) .02 (1.26) 2.38 (1.45) .06 (1.20)
ACCEL 0.54 6.68* 2.18 (.37) 2.19 (.40) 2.28 (.41) 2.16 (.38)
DETER 0.48 5.36* 2.02 (.34) .02 (.35) 2.07 (.36) .02 (.34)
STRAT 5.72* 1.04 2.13 (1.45) .13 (1.40) 2.14 (1.67) .06 (1.33)

Note. df between5 1. df within ranged from 346 to 353, due to missing values.SDappears in parentheses.
*p , .05.
** p , .01.
***p , .001.

Table 6. Analysis of variance and descriptive statistics for significant education3 gender interactions

Low education High education

d2 score F Women Men Women Men

TOT # 10.34** 503.80a (73.59) 441.20b (71.45) 509.83a (66.41) 503.00a (76.65)
TOT CORR 10.50** 483.84a (73.25) 421.88b (64.69) 493.53a (65.91) 486.61a (75.80)
CONC 8.71** 195.61a (36.97) 167.12b (27.19) 201.96a (34.82) 198.76a (38.46)

Note. df between5 1. df within ranged from 350 to 353 due to missing values. Means with the same subscript are not significantly
different,p . .05.SDappears in parentheses.
** p , .01.
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Scanning accuracy, a second component of selective at-
tention (Spreen & Strauss, 1998), was also evident in the
scanning accuracy factor that primarily consisted of total
errors, errors of omission, and percent errors. An error of
omission is a lack of a correct motor response that may
reflect a lapse in vigilance, or from a signal detection per-
spective, the tendency to adopt a strict response criterion
for target cancellation. Both of these explanations suggest
that errors of omission act as a measure of performance that
is distinct from those involving speed of processing, con-
sistent with Brickenkamp and Zillmer’s (1998) distinction
of drive and control dimensions of performance on the d2
Test. The results of the factor analysis also suggested the
discriminant validity of d2 performance measures relative
to intelligence, abstraction abilities, and immediate mem-
ory. That is, variables loading on the general intelligence0
abstraction and memory factors had negligible cross-
loadings of d2 accuracy and speed scores.

The new process measures acceleration in processing and
deterioration of accuracy across trials, loaded on the scan-
ning deterioration0acceleration factor with error distribu-
tion, an existing proxy measure of shifts in accuracy. This
finding suggests convergent validity for the process scores,
and shows their independence from measures of overall
accuracy and speed. It also supports Lezak’s (1995) argu-
ment that concentration problems may be due to simple
attentional disturbance or an inability tomaintaina purpose-
ful attentional focus, as well as the distinction between fo-
cused and sustained attention (e.g., Mateer & Mapou, 1996).
The scanning accuracy and speed factors reflected overall
attentional disturbances, whereas the deterioration0
acceleration factor reflected disruptions in the continued
maintenance of attention. The positive correlation between
acceleration and deterioration suggests a speed–accuracy
tradeoff—those who did not slow their processing speed as
trials progressed made more errors, and the continued main-
tenance of attention appeared to be achieved through reduc-
tions in processing speed. However, the moderate correlation
between ACCEL and DETER suggests that not all partici-
pants maintained attention by reducing speed. Thus, indi-
vidual differences in negotiating speed and accuracy from
one trial to the next were apparent.

Gender and education accounted for a significant propor-
tion of individual differences in performance and strategy
in this sample of young U.S. adults. Those with less formal
education tended to decrease their processing speed and
made fewer errors as trials progressed, although their over-
all error rate was higher than those with more education.
Follow-up analyses revealed that the education advantage
in error rates pertained only to the first four of the 14 trials,
after which performance for those with less formal educa-
tion improved to match that of the higher education group.
Prior research has also found relationships between d2 Test
performance, learning disabilities, and school performance
(see Brickenkamp & Zillmer, 1998). In addition, men ap-
peared to utilize a “cautious” test-taking strategy (slow pro-
cessing with few errors), whereas women appeared to take

a skipping strategy. These data suggest that further research
is needed to understand how differences in processing speed
and strategy may be used as a tool in education-related and
clinical assessment, and perhaps intervention.

The results should be considered with respect to study
limitations. The sample was moderately large, but was re-
stricted in age range and ethnic composition. Additional
research is needed to address whether the results reported
here generalize to populations with other demographic char-
acteristics. Further, although the RHHDP neuropsycholog-
ical battery included tests that were appropriate to examine
the convergent and discriminant validity of the d2 Test in
relation to multiple cognitive domains, other cancellation
type tests of attention such as the CPT were not included.
The battery was thus limited in that it could not provide a
fine-grained analysis of similarities and differences be-
tween the d2 Test and other tests designed to measure the
same aspects of attention as the d2. Similarly, the validity
of the proposed measures of performance constancy was
primarily examined through correlations with existing d2
scores. Including alternative measures of constancy con-
structs is needed to further establish convergent validity of
ACCEL and DETER. The CPT, for example, includes con-
ceptually similar measures (standard deviation of response
time and slope of changes in response time) that may serve
as useful comparisons to the existing and new d2 measures
of change in performance. Finally, although the test-taking
strategy measure confirmed predictions regarding differ-
ences between CONC and TOT CORR measures, it is most
accurately considered as a measure of expected perfor-
mance outcomes of strategy adoption, rather than a direct
assessment of strategy adoption. That is, high scores on the
strategy index reflected high processing speed in the con-
text of many missed targets, the expected performance out-
come of adopting a skipping strategy. However, this index
did not directly assess whether participants chose to adopt a
skipping strategy, and it may be the case that the skipping
performance pattern is due to factors other than a skipping
strategy, such as a tendency to lose one’s place during trials.
Future studies might experimentally manipulate test instruc-
tions so that speed and accuracy vary in their perceived
importance. This could encourage adoption of a specific
strategy and would provide a more definitive test of the
effect of strategies on the overall performance measures.

It is also important to note that we examined a paper-and-
pencil test of attention, despite potential advantages of com-
puterized testing, such as increased accuracy of response
timing and scoring. At the same time, computerized tests
may not be most appropriate for certain populations, such
as those with limited computer experience, the elderly, and
children. Barkley (1991), for example, reported that pencil-
and-paper CPT formats, rather than computer administered
versions, have resulted in higher correlations between chil-
dren’s test scores and parent and teacher ratings of attention
deficit hyperactivity disorder (ADHD) symptoms. Ulti-
mately, the relative advantages and disadvantages of
computer-administered tests must be weighed in both re-
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search and clinical settings with respect to the likelihood
that the presentation format will mask or reveal important
individual differences.

Overall, the present results support the internal consis-
tency, validity, and potential utility of the d2 Test as a com-
ponent of attention assessment in the US. Although several
cancellation tests are currently in use in the U.S., the d2
Test requires substantial attentional processing due to the
complexity of the visual stimuli involved. It presents all
data simultaneously rather than successively, and is time-
limited yet self-paced. These features make the d2 Test a
unique and potentially useful neuropsychological tool for
identifying and understanding clinical populations that ex-
hibit attentional deficits. The new scores for deterioration,
acceleration, and strategy may extend applications of the
d2 Test into realms of learning, endurance, and approaches
to test taking. The stimulus characteristics of the d2 Test
may also be well suited to the basic study of attentional
processes. For example, although the predictions of the bi-
ased competition model of attention (Desimone & Duncan,
1995) have been examined primarily for successive stimu-
lus displays involving central fixation, a potentially useful
extension would be to the case of selective and sustained
visual search including eye movements. Future experimen-
tal study would allow the attentional processes involved in
completing the d2 Test to be understood in the context of
current models of visual selection.
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