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The Design Organization Test: Further
Demonstration of Reliability and Validity as a

Brief Measure of Visuospatial Ability

William D. S. Killgore

Center for Depression, Anxiety, and Stress Research, McLean Hospital, Belmont,
Massachusetts and Department of Psychiatry, Harvard Medical School, Boston,

Massachusetts

Hannah Gogel

Center for Depression, Anxiety, and Stress Research, McLean Hospital, Belmont,
Massachusetts

Neuropsychological assessments are frequently time-consuming and fatiguing for patients.
Brief screening evaluations may reduce test duration and allow more efficient use of time
by permitting greater attention toward neuropsychological domains showing probable def-
icits. The Design Organization Test (DOT) was initially developed as a 2-min paper-
and-pencil alternative for the Block Design (BD) subtest of the Wechsler scales. Although
initially validated for clinical neurologic patients, we sought to further establish the
reliability and validity of this test in a healthy, more diverse population. Two alternate
versions of theDOT and theWechsler Abbreviated Scale of Intelligence (WASI) were admi-
nistered to 61 healthy adult participants. The DOT showed high alternate forms reliability
(r¼ .90–.92), and the two versions yielded equivalent levels of performance. The DOT was
highly correlated with BD (r¼ .76–.79) and was significantly correlated with all subscales of
the WASI. The DOT proved useful when used in lieu of BD in the calculation of WASI IQ
scores. Findings support the reliability and validity of the DOT as a measure of visuospatial
ability and suggest its potential worth as an efficient estimate of intellectual functioning in
situations where lengthier tests may be inappropriate or unfeasible.
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INTRODUCTION

Neuropsychological assessment serves a vitally important
function within a broad range of research and clinical
settings. Whereas neuroimaging can provide important
data regarding brain abnormalities and functional
localization, only the neuropsychological assessment
can provide standardized, reliable, and valid information
about the individual’s functional capabilities. Because of
the complexity of human cognitive functioning, tradi-
tional neuropsychological assessments have often requi-
red long testing sessions, sometimes lasting many hours
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(Lezak, Howieson, & Loring, 2004). In many cases, it is
not unheard of for a comprehensive neuropsychological
assessment battery to take the better part of a full day
for completion. In recent years, considerable effort
has been devoted toward reducing the administration
time of many neuropsychological tests (Donders, 2001;
Farias et al., 2011; Meulen et al., 2004; Sunderland,
Slade, & Andrews, 2012). Long sessions of testing can
cause examinee fatigue, which can be particularly trying
for patients already compromised by neurological or
medical conditions (Lezak et al., 2004). Not only are
lengthy testing sessions unpleasant for examinees, but they
can also reduce the reliability and validity of the obtained
data. Furthermore, longer assessments are generally more
expensive as well, a problem that has further fueled efforts
to develop more time-efficient methods for neuropsy-
chological assessment (Groth-Marnat, 2000; Ricker,
1998; Sunderland et al., 2012). Overall, the emerging
consensus in the field is that assessments that obtain
the same information in less time are to be preferred
(Donders, 2001).

Standardized measures of intellectual functioning,
such as the various Wechsler intelligence scales, often
take 1 hr to 2 hr to administer in some clinical settings.
Abbreviated versions, such as the Wechsler Abbreviated
Scale of Intelligence (WASI; Wechsler, 1999), although
considerably less extensive, can still take 30min to 1 hr
to administer in actual clinical practice. Even isolated
subscales, such as the Block Design (BD) subtest, can
take a quarter of an hour or more to administer to some
slower examinees. In an effort to provide a rapid screen-
ing measure for visuospatial ability comparable to the
BD subtest of the Wechsler scales, we developed a brief
paper-and-pencil measure, the Design Organization Test
(DOT; Killgore, Glahn, & Casasanto, 2005). The DOT
is a single-page manually administered test that presents
visual stimuli similar to those used by the Wechsler BD
subtests but utilizes a briefer paper-and-pencil com-
pletion format. The DOT is relatively quick, requiring
only 2min to administer, and can save considerable time
compared with the complete administration of the BD
subtest by eliminating the need to exhaust time limits
on multiple-item administrations. From the initial
validation studies (Killgore et al., 2005), the DOT was
shown to have good alternate forms reliability (r¼ .80)
in a large sample of college students and was found to
correlate very highly with the actual BD subtest of the
Wechsler Adult Intelligence Scale-Third Edition (WAIS-
III; r¼ .92) in a sample of neurologic clinic patients
undergoing neuropsychological assessment. Moreover,
in that study, when DOT scores were converted to BD
scores using regression procedures and were replaced
in the calculation of Full-Scale IQ (FSIQ) and Per-
formance IQ (PIQ) scores, it was found that scores only
differed from the traditional method by about half of a

single IQ point on average. Thus, the preliminary
validation studies suggest that the DOT may provide
comparable information to the WAIS-III BD subtest,
but in significantly less time and with fewer cumbersome
test materials.

Although the initial validation studies are encour-
aging (Killgore et al., 2005), further validation of the
DOT is necessary to establish its clinical utility. For
instance, the first study in the series examining the
reliability of the DOT was performed with a sample of
411 young-adult students (average age¼ 18.0 years,SD¼
1.0) attending a highly selective private university, and
the findings may therefore overestimate performance
on the DOT. The second sample included only neuro-
logical patients with documented brain lesions or neuro-
logic impairment (average age¼ 47.7 years, SD¼ 15.3),
potentially underestimating DOT performance in the
general population. Consequently, the present study
provides additional reliability and validity data for the
DOT obtained from a sample of healthy nonclinical
participants with a broader range of intellectual
functioning than in the prior reports.

METHOD

Participants

Sixty-one healthy right-handed adults (30 men; 31
women), recruited from flyers and Internet advertise-
ments within the greater Boston area, participated in
this study. All participants spoke English as their pri-
mary language and were aged 18 to 45 years old (Mage¼
30.3 years, SD¼ 8.1). Participants were initially
screened to exclude any history of psychopathology, ser-
ious medical conditions, neurologic conditions, alcohol
or substance abuse=dependence, use of illicit substances,
or head injury. The final sample was racially diverse and
included 69% Caucasian, 15% African American, 10%
Asian, 3% Other race, and 3% Multiracial background.
Additionally, 5% of participants also coendorsed
Hispanic=Latino heritage. Years of formal education
ranged from 11 to 20 (M¼ 14.9 years, SD¼ 2.2).
Regarding the highest education level attained, 3.3%
had less than a high school diploma, 18% percent of
participants terminated education with a high school
diploma, 31.2% had completed some college, 23% had
attained an undergraduate degree, 13.1% had some
postgraduate education without a degree, 9.8% had
obtained a master’s degree, and 1.6% had completed
doctoral studies. All participants provided written
informed consent before enrollment in the study. This
research protocol was approved by the McLean
Hospital Institutional Review Board and the U.S. Army
Human Research Protection Office.
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Materials

Wechsler Abbreviated Scale of Intelligence (Pear-
son Assessment, Inc., San Antonio, TX). The WASI
(Wechsler, 1999) was administered to evaluate the
validity of the DOT as a measure of visuospatial ability
and as a potential brief surrogate for the BD subtest
when determining IQ scores. The WASI is a commonly
used brief-format intelligence scale, which has been
found to have a .92 correlation with the more exten-
sive WAIS-III (Pearson Assessment, Inc., San Antonio,
TX) and is reported to have a .98 reliability for FSIQ.
A post-baccalaureate research technician, supervised
by a doctoral-level neuropsychologist, administered
all tests.

Design Organization Test (Killgore et al., 2005).
Participants completed two alternate versions of the
DOT (Killgore et al., 2005) in counterbalanced order.
The two alternate forms of the DOT are provided in
the Appendix, along with the standard practice page
and scoring key. At the outset of each administration,
participants completed the practice page, which dis-
played a code key comprising six squares, each with
unique black and white patterns of shading and a corre-
sponding identification number placed immediately
above. Below the code key was a fully completed dem-
onstration example and two incomplete practice items
to be filled in by the participant.

Two alternate forms of the DOT were used (Form A
and Form B). Each version included nine square
designs (five small designs and four large designs).
Below each design was an identically sized empty square
grid. The small designs were paired with 2� 2 grids,
whereas the large designs were paired with 3� 3 grids.
Each grid square corresponded to a location on the
associated design above it and served as a response
blank that could be completed by entering the corre-
sponding number from the code key located at the top
of the page.

Procedures

Participants were administered both versions (Form A
and Form B) of the DOT during a larger test battery
including various paper-and-pencil and computerized
cognitive tasks. The two DOT versions were adminis-
tered approximately 30min apart from one another,
separated by other cognitive tasks, and no sooner than
15min after the full WASI administration. The DOT
was always administered after the WASI, so as not to
bias WASI responses via potential problem-solving
strategies that might have been discovered through
exposure to the DOT.

The order of the DOT administration was counter-
balanced, with 31 participants (51%) completing Form
A first (i.e., order AB) and 30 participants (49%) com-
pleting Form B first (i.e., order BA). To begin the test,
the administrator placed the practice page directly in
front of the participant (see the Appendix), pointed to
the key at the top of the sheet, and read the following
instructions aloud to the participant:

Look at these six boxes. Each box is different. Every box
has a different design and has its own number from 1 to
6. Number 1 is solid black. Number 2 is half black and
half white. So is Number 3, but if you look closely,
you’ll see that the design for Box Number 3 is different
from Number 2. All six boxes are different, and each one
has its own number.

The administrator then pointed to the example items
below the key and said:

Now look down here. This square design is made up of
four of the boxes I just showed you. Down below are
empty squares for you to put the numbers that match
each box. This first one is already done for you. See,
the first square is solid black. Look at the code key;
the number for all solid black squares is Number 1. So
number ‘‘1’’ goes in this square. The lower right box is
also black, so I also put a ‘‘1’’ in that square too. Here
are two white boxes. See, the solid white boxes are
always Number 6, so the number ‘‘6’’ goes here and
here.

Pointing to the next sample, the administrator said:

Over here is a set of empty squares. See if you can match
the design by filling the code numbers. See, the first box
is solid white. So what number would you put down here
to match? Go ahead and complete the rest of the
practice items.

After the participant had completed the practice
section in pencil, the administrator said:

So all you have to do is put the correct number in each
of the empty boxes to match the pattern above it. On the
next page, there are many designs much like the ones we
just did. Look at each design and fill in as many of the
empty boxes below it as you can with the correct num-
bers to match the designs. Do as many as you can.
You will have only 2min, so work as quickly as you
can. Do you have any questions?

The administrator turned over the page and started
the timer. The participant was allowed to complete as
many of the DOT items as possible in 2min. Although
not explicitly stated in the instructions, participants were
not required to complete the items in any particular
order and were permitted to use their pencil to make
marks or lines on the target items as they wished.
Exactly at 2min, the participant was instructed to stop
working and put down the pencil.
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If during the administration, a participant asked if
the items could be completed out of order or if it was
permissible to draw on the items, the administrator
would reply, ‘‘Yes, you may complete the task any
way you wish.’’ Each administration of the DOT started
with complete instructions and a practice section.

RESULTS

WASI Performance

Performance on the WASI covered a broad range of
ability levels. The WASI FSIQ of participants ranged
from 71 to 138 (M¼ 111.1, SD¼ 16.2). Verbal IQ (VIQ)
ranged from 64 to 133 (M¼ 110.4, SD¼ 15.8), while
PIQ ranged from 67 to 134 (M¼ 108.8, SD¼ 15.6).

Normative Data and Equivalence of Alternate
Forms of the DOT

The two versions of the DOT (i.e., Form A and Form B)
were administered in a counterbalanced order, with
essentially half of the sample receiving Form A first
and the other half receiving Form B first. Table 1 pre-
sents the mean scores for each version, administered
either as the first or second in the series. When adminis-
tered first in the series, Form A and Form B produced
nearly identical mean scores, t(59)¼ 0.20, p¼ .84 (see
Table 1). Similarly, when administered second in the ser-
ies, the mean scores for Form A and Form B did not
differ significantly, t(59)¼ 0.63, p¼ .53, suggesting com-
parability in the scores provided by the two forms.
There were no significant sex differences in performance
(see Table 1), with men and women performing similarly
at the first, t(59)¼ 0.91, p¼ .37, and second administra-
tions, t(59)¼ 0.92, p¼ .36.

Reliability of Alternate Forms of the DOT

The two versions of the DOT were also highly correlated
(see Figure 1). When Form A was followed by Form B,

the correlation between the two versions was significant.
When Form B was followed by Form A, the correlation
was similarly high. Finally, when performance on the
first administration was correlated with performance
on the second, regardless of DOT version, scores on the
two administrations remained highly associated, r(59)¼
.91, p< .001, suggesting excellent alternate forms and
test–retest reliability.

Practice Effects

There was evidence of modest but significant improve-
ment between the two administrations of the alternate
forms of the DOT. As shown in Table 1, participants
scored an average of 35.67 points (SD¼ 9.02) at the first
administration (without regard to version), but this
increased to 40.25 points (SD¼ 9.82) by the second
administration, which was completed 30min later. On
average, participants showed a within-subject improve-
ment of 4.57 points between administrations across the
two forms, t(60)¼ 8.81, p< .001. Practice effects were
similar regardless of whether Form A preceded Form B
(M¼ 5.13, SD¼ 4.05) or if Form B preceded Form A
(M¼ 4.00, SD¼ 4.05), t(59)¼ 1.09, p¼ .28.

Scoring Issues

Commission errors. Consistent with the published
instructions (Killgore et al., 2005), the total score for
the DOT was calculated by simply counting the number

TABLE 1

Mean Scores for Form A and B of the DOT at Each Administration

Test

Administered First Administered Second

M (SD) M (SD)

DOT A then B (Form A) 35.90 (8.06) (Form B) 41.03 (9.10)

DOT B then A (Form B) 35.43 (10.05) (Form A) 39.43 (10.61)

Overall Mean 35.67 (9.02) 40.25 (9.82)

Men 34.60 (8.86) 39.07 (9.80)

Women 36.71 (9.19) 41.39 (9.86)

Note. Forms were administered in counterbalanced order with

30min between administrations. Approximately half of the sample

(n¼ 31) completed Form A followed by Form B, while the remainder

(n¼ 30) completed Form B followed by Form A.

FIGURE 1 Scatterplot showing the relationship between alternate

forms of the DOT. The black circles (solid line) show the association

between forms when Form A was completed before Form B (i.e., order

AB). The empty white circles (dashed line) show the association when

Form B was completed before Form A (i.e., order BA). The difference

between the parallel regression lines reflects the effects of practice

between the two administrations.
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of correctly completed response squares, regardless of
location on the page or order of completion. There
was no penalty for incorrect responses (i.e., entering
the wrong response in a box). On the whole, participants
made very few errors of this type on either the first
(M¼ 1.18, SD¼ 2.38, range¼ 0–11) or second (M¼
1.15, SD¼ 2.16, range¼ 0–9) administrations of the
DOT, and the number of errors did not differ signifi-
cantly, t(60)¼ 0.15, p¼ .88, between administrations.
As evident in Table 2, the majority of participants made
no commission errors at all, and it was rare to find more
than three errors in either administration of the DOT.

Use of strategy. In prior experience with the DOT,
it was discovered that some respondents self-implement
a strategy of drawing grid squares on the target designs
to help delineate the boundaries of the individual design
elements. Because the instructions to the participant do
not explicitly forbid this strategy, it was of interest to
determine whether it influenced performance. On the
first administration, 10 participants (16.4%) employed
this strategy without prompting. Overall, participants
using the strategy on the first administration (M¼
38.80, SD¼ 5.90) did not score significantly differently
compared with those not using the strategy (M¼
35.06, SD¼ 9.43) t(59)¼ 1.20, p¼ .23. By the second
administration of the DOT, 14 participants (23.0%)
spontaneously chose to draw grids on some of the
designs (9 of the 10 participants choosing this strategy
on the first administration chose to use this strategy
again on the second administration). Again, the perfor-
mance of those using the strategy (M¼ 41.21, SD¼
9.78) was not significantly different from those not
employing the strategy (M¼ 39.96, SD¼ 9.92) t(59)¼
0.42, p¼ .68. Hence, we conclude that use of the

grid-drawing strategy appears to have no appreciable
effect on performance, but given the modest power in
the present sample, this would be an important topic
for further research.

Ceiling effect. Because the DOT contains only 56
items to be completed within 120 s, it is possible for
some participants to complete all items within the allot-
ted time, leading to an upper limit (i.e., ceiling effect) for
performance. This is evident by a slight negatively
skewed distribution on the first (skew¼�.37, SD¼
0.31) and second (skew¼�.14, SD¼ 0.31) administra-
tions of the DOT. On the first administration of the
DOT, one participant (1.6%) correctly completed all
56 items of the DOT within the 2-min time period. By
the second administration, five participants (8.2%)
correctly completed all 56 items of the DOT within the
allotted time. Thus, even when two versions of the
DOT are completed within close temporal proximity,

TABLE 2

Frequency of Commission Errors on the DOT at Each Administration

First Administration Second Administration

Number of Errors Freq. % %ile Freq. % %ile

0 36 59.0 59.0 38 62.3 62.3

1 12 19.7 78.7 9 14.8 77.0

2 5 8.2 86.9 3 4.9 82.0

3 3 4.9 91.8 6 9.8 91.8

4 1 1.6 93.4 — — —

5 — — — 1 1.6 93.4

6 — — — — — —

7 — — — 2 3.3 96.7

8 2 3.3 96.7 — — —

9 — — — 2 3.3 100.0

10 1 1.6 98.4 — — —

11 1 1.6 100.0 — — —

Note. Freq.¼Frequency; %¼ percent of sample with the specified

number of errors; %ile¼ cumulative percentage of the sample scoring

at or below the specified number of errors.

FIGURE 2 Scatterplots showing the association between the first

(top panel) and second (bottom panel) DOT administrations and

raw WASI Block Design scores.
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only truly exceptional performers are likely to achieve
the maximum score.

Concurrent Validity

To establish the concurrent validity of the DOT, perfor-
mance on the first and second administrations was cor-
related with demographic variables of age and education

and the various age-corrected standardized scales of the
WASI. Because a primary goal of the study was to show
the usefulness of the DOT as a surrogate paper-and-
pencil measure for BD, we included the raw BD scores
from the WASI as a comparator variable. As evident
in Figure 2, scores on the first and second administra-
tions of the DOT were highly correlated with raw BD
scores. Table 3 shows that DOT scores were significantly
correlated with all of the subtests of the WASI, as well
as the FSIQ. In contrast, similar to raw BD scores, the
DOT was not correlated with age and was only weakly
correlated with education.

Construct Validity

Construct validity is bolstered by the differences in mean
scores obtained in the various samples tested across stu-
dies. The present sample mean for the first administra-
tion (see Table 1) is significantly lower, t(470)¼ 7.62,
p< .0001, than that obtained in our prior study of
young students at a highly selective private university
(M¼ 44.00, SD¼ 7.80, n¼ 411; Killgore et al., 2005)
and is significantly higher, t(100)¼ 5.27, p< .0001, than
that obtained by a clinical sample of neurological
patients with documented brain lesions (M¼ 24.32,

TABLE 3

Intercorrelations Between DOT and Criterion Measures

Criterion Test

DOT DOT Raw Block

Time 1 Time 2 Design

Age �.17 �.23 �.03

Education .30� .33� .36��

WASI 4-Test FSIQ .68��� .69��� .86���

WASI 2-Test FSIQ .61��� .62��� .74���

WASI VIQ .57��� .57��� .67���

WASI PIQ .68��� .69��� .92���

WASI Vocabulary .58��� .59��� .63���

WASI Similarities .49��� .48��� .61���

WASI Block Design .73��� .75��� .99���

WASI Matrix Reasoning .50��� .49��� .69���

Note. All WASI scores are age-corrected standard scores.
�p< .05. ��p< .005. ���p< .001.

FIGURE 3 Effects of replacing WASI Block Design (BD) scores with predicted BD scores derived from the DOT. Top Row: Performance IQ (PIQ)

scores (Mean �1 SE) derived from either the first or second administration of the DOT did not differ significantly from actual WASI PIQ scores (left

panel). Actual WASI PIQ scores were highly correlated with PIQ scores derived from the first (middle panel) and second (right panel) administrations

of the DOT. Bottom Row: Full-Scale IQ (FSIQ) scores (Mean� 1 SE) derived from either the first or second administration of the DOT did not differ

significantly from actual WASI FSIQ scores (left panel). Actual WASI FSIQ scores were highly correlated with FSIQ scores derived from the first

(middle panel) and second (right panel) administrations of the DOT.
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SD¼ 12.75, n¼ 41) described in the prior report
(Killgore et al., 2005). These differences suggest that
the DOT is sensitive to group differences in ability level,
ranging from impaired patients, to healthy participants,
to exceptionally bright students at a top competitive
university.

Usefulness as a Surrogate for BD

One goal of the present study was to examine the useful-
ness of the DOT as a surrogate for the BD subtest in cal-
culating WASI IQ scores. To test this, we first estimated
BD subtest scores through a series of 61 linear regression
analyses using a sequential ‘‘leave-one-out’’ jackknife
resampling method with DOT performance as the predic-
tor. For each regression analysis, a different participant
was excluded from the sample and the DOT scores from
the remaining 60 participants were used to predict the
raw BD score of the excluded participant. All of these
equations yielded R values of .74 to .80 and all were
significant (ps< .001). The estimated raw BD scores
based on these equations were then used in place of
actual BD scores to recalculate derived PIQ and FSIQ
scores for each participant. This process was repeated
for the first and second administrations of the DOT.

As shown in Figure 3, actual mean PIQ scores
(M¼ 108.8, SD¼ 15.6) did not differ significantly from
the estimated PIQ scores derived from either the first
(M¼ 108.5, SD¼ 12.5), t(60)¼ 0.37, p¼ .71, or second
(M¼ 108.6, SD¼ 12.8), t(60)¼ 0.32, p¼ .75, administra-
tions of the DOT. As shown in Figure 3, PIQ scores esti-
mated from the DOT were highly correlated with actual
PIQ scores. Similarly, actual FSIQ scores (M¼ 111.1,
SD¼ 16.2) did not differ significantly from those
estimated from the first (M¼ 110.8, SD¼ 14.5), t(60)¼
�0.59, p¼ .56, and second (M¼ 110.9, SD¼ 14.6),
t(60)¼ 0.41, p¼ .69, administrations of the DOT.
Again, FSIQ scores estimated from the DOT were
highly correlated with actual FSIQ scores (see Figure 3).

DISCUSSION

The goal of the present study was to provide additional
data regarding the reliability and validity of the DOT
within a healthy nonclinical sample. Presently, the two
alternate forms of the DOT yielded nearly identical
mean scores, showed similar practice effects, and dem-
onstrated extremely high alternate forms reliability.
DOT performance was not significantly affected by the
presence or absence of errors of commission, use of stra-
tegic marking on the stimuli, or ceiling effects, although
further study of these issues is warranted. The present
study also provided further confirmation of the concur-
rent validity of the DOT as a measure of visuospatial

ability and its usefulness as a potential surrogate for
the BD subtest in estimating IQ scores when assessment
time is limited. Because the DOT can be administered in
only 2min and without additional materials, these
findings suggest that it may serve as a brief screening
instrument for rapidly evaluating visuospatial ability
or estimating IQ under conditions where a lengthier
assessment might not be feasible or appropriate.

For speed tests such as the DOT, measures of internal
consistency reliability are not considered appropriate
(Nunnaly, 1978). Instead, for timed tests that emphasize
speed, test–retest methods or the evaluation of perfor-
mance on alternate forms can provide an indication of
the reliability of the instrument. We found that the
two alternate forms of the DOT were highly correlated,
suggesting excellent reliability. Overall, the reliability
coefficient obtained presently (r¼ .91) was higher than
previously reported in the initial validation study in a
university student sample (r¼ .80; Killgore et al.,
2005). This difference is likely due to the fact that the
college student participants in the initial study were
run in large groups of several hundred at a time, whereas
the data in the present study were collected one on one
with the test administrator, which may have improved
participant compliance with all of the study procedures
and served to enhance overall reliability. The current
reliability coefficients are also similar to the test–retest
reliability reported by the test publisher for the WASI
BD (r¼ .92; Wechsler, 1999), and they actually exceed
the reliability reported for the WAIS-III BD subtest
(r¼ .82; Wechsler, 1997). From these findings, we
conclude that the DOT provides at least comparable
reliability to the considerably more time-consuming
and labor-intensive BD subtest used in the Wechsler
scales.

Consistent with the previously published validation
studies (Killgore et al., 2005), the present findings sug-
gest that the two alternate forms of the DOT are indeed
interchangeable and provide comparable scores. Conse-
quently, the mean score we report across the two forms
can be confidently used as a normative comparator for
either version. For most uses among adults aged 18 to
45 years old, we recommend the normative data
obtained from the present sample (M¼ 35.67, SD¼
9.02), as it was obtained from a broad range of healthy
individuals across the normal bounds of intellectual
capacity. However, we also compared the present mean
performance to that reported in the prior validation stu-
dies. The mean score on the DOT from the present sam-
ple falls midrange between the mean obtained for young
students at a highly selective private university and
scores obtained from a clinical sample of patients with
documented neurological disorders (Killgore et al.,
2005). The fact that DOT scores differ across these very
different populations provides further support for the
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construct validity of the test as a measure of visuospatial
and intellectual ability.

Concurrent validity of the DOT was demonstrated by
high intercorrelations with WASI BD and all WASI IQ
scales. Age was not significantly correlated with DOT
performance in the present study, a finding that differed
from the initially reported validation in the sample
of patients from a neurology clinic. In the prior study
(Killgore et al., 2005), age was significantly negatively
correlated with DOT and BD performance. However,
this difference is likely due to restriction of range, as
the present study was significantly younger and ranged
from 18 to 45 years old, whereas the neurologic sample
studied in our prior report ranged from 18 to 76 years of
age. It is likely that age effects on DOT scores are mini-
mal among young to middle-age individuals but may
have a greater influence among middle-age to elderly
participants and those with some form of neuropath-
ology. This is an important consideration in actual clini-
cal settings, as the current normative data would be
inappropriate for application with individuals older
than 45 years old because it would likely lead to incor-
rect interpretations. Further research with the DOT in
older populations is encouraged to establish valid nor-
mative ranges and to document the potential changes
in performance with advancing age.

To facilitate the potential use of the DOT as a
surrogate measure for BD during WASI administration,
we employed a ‘‘leave-one-out’’ jackknife resampling
regression analysis to permit unbiased prediction of
raw BD scores from the DOT. WASI IQ scores were
then recalculated using these predicted BD scores and
compared to the original IQ scores calculated using
actual raw BD scores. Replacing the raw BD scores with
the estimated scores derived from the DOT yielded
virtually no difference between estimated and actual
IQ scores (i.e., actual and estimated scores differed by
about one third of a single IQ point). This replicates
the previous finding from the initial validation study,
which found that using an estimated BD score derived
from the DOT in place of actual BD scores had virtually
no effect on PIQ or FSIQ from the WAIS-III (Killgore
et al., 2005). As reported in the previous study, esti-
mated and actual IQ scores differed by less than half
of a single point on average. These findings suggest that
with additional validation, the DOT may prove useful as
a rapidly administered surrogate for BD under some
conditions. We encourage additional research into this
issue with larger samples and a broader age range.

The present data support the potential utility of the
DOT as a brief and rapidly administered instrument
for assessing visuospatial ability and estimating general
intellectual ability. Since 2009, the DOT has been
included as part of the large-scale Rotterdam Study
in the Netherlands (Hofman et al., 2011), which

longitudinally tracks a number of health-related issues
including neurological status among a cohort of 14,926
participants older than the age of 45. As part of the
Rotterdam Study, a recent report examined DOT scores
as one outcome measure in a study of the effects of
chemotherapy on cognitive functioning in elderly Dutch
women with breast cancer (Koppelmans et al., 2012).
The women in that study ranged in age from 50 to 80
years old and had undergone adjuvant chemotherapy
at least 20 years earlier. Chemotherapy had no effect
on DOT performance or several other timed neuropsy-
chological tasks such as verbal fluency, the Purdue Peg-
board Test, and Stroop Word Naming, but it did affect
measures of verbal memory and Stroop Interference.
Interestingly, women in both the chemotherapy group
(M¼ 28.9, SD¼ 9.2, n¼ 195) and the reference group
(M¼ 28.9, SD¼ 9.7, n¼ 511) had DOT scores that were
significantly lower than those observed in our current
sample. The lower scores are likely to be attributable
to the significantly older age among the women in that
sample compared with the present group.

The reliability and validity of the DOT appears
comparable to other relatively brief tests purported to
measure visuospatial ability and estimate intellectual
functioning. For instance, an early study (Hall, 1957)
compared the 30-item Raven’s Progressive Matrices, a
nonverbal test of intelligence, with scores on the original
WAIS and found that scores correlated with PIQ
(r¼ .71), VIQ (r¼ .58), and FSIQ (r¼ .72). Others have
reported correlations with other standard intelligence
tests near .70 (Burke, 1985; Jensen, Saccuzzo, & Larsen,
1988; O’Leary, Rusch, & Guastello, 1991), with test–
retest reliability generally greater than .80 (Burke,
1985). Overall, the current findings for the DOT are
quite similar to those reported for the other instruments
(see Table 3).

There are a couple of important test administration
issues that emerge from this study. The first is the poten-
tial role of ceiling effects on the DOT. We found that a
very small percentage of our sample (one participant;
1.6% of the sample) was able to complete the entire
task within the 2-min time limit, and this percentage
was slightly larger (five participants; 8% of the sample)
following a second administration with an alternate ver-
sion. The one individual obtaining this performance on
the first administration had a measured FSIQ of 135,
while the mean FSIQ of the five participants achieving
ceiling on the second administration was 124, suggesting
that this ceiling is likely to be achieved only by excep-
tionally capable individuals. However, these findings
suggest that although the DOT is likely to be appropri-
ate for clinical populations and for general assessment
of visuospatial deficits, it would be inappropriate for
testing the higher limits of visuospatial ability and intel-
lectual capacity due to this potential ceiling effect. The
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second issue involves the fact that a minority of parti-
cipants spontaneously drew lines on the designs to
demarcate boundaries. We intentionally did not restrict
participants from drawing on the form to evaluate the
potential effect of this strategy. Our results showed very
minimal and nonsignificantly higher scores among those
employing this strategy. However, the present sample
was modest in size, so it is not possible to know whether
such a strategy might have had an effect in a larger
sample. Furthermore, it is not clear whether better
scores would result from the strategy itself, or if they
would merely reflect that more capable individuals were
more likely to spontaneously think of employing such a
strategy. To definitively answer this question, it will be
necessary for future research to randomly assign large
numbers of participants to groups required to use or
not use the line-drawing strategy.

The present study adds important information
regarding the reliability and validity of the DOT in a
sample of healthy volunteers. However, the present sam-
ple is limited in size, and further normative studies with
a variety of populations, larger samples, and broader
age range are necessary to establish the DOT as widely
useful clinical tool. Research on the DOT has been lim-
ited because the actual test forms were never published
in our prior study and were, therefore, not readily avail-
able to many clinicians and researchers. To facilitate
further research and clinical use with the DOT, both
alternate forms (A and B) are provided as an Appendix
to this article. Preliminary findings from this and prior
studies suggest that the DOT provides a reliable and
valid assessment of visuospatial ability that can be
obtained in a little more than 2min, with no need for
cumbersome equipment or test materials. Furthermore,
with further research and validation, the DOT may be
useful for estimating general intellectual ability when
time constraints or other circumstances hinder the abil-
ity to obtain a more comprehensive assessment.
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Form A
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Form B
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