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Cancellation tests have been widely used in clinical practice and in research to evaluate visuospatial attention,
visual scanning patterns, and neglect problems. The aim of the present work is to present a visualized interface
for the visuospatial attentional assessment system that can be employed to monitor and analyze attention per-
formance and the search strategies used during visuospatial processing of target cancellation. We introduce a
pattern identification mechanism for visual search patterns and report our findings from examining the visual
search performance and patterns. We also present a comparison of results across various cancellation tests and
age groups. The present study demonstrates that our system can obtain more processing data about spatiotem-
poral features of visual search than can conventional tests.

Visual search is a common scanning procedure that
people use to locate objects in real life. During a typical
experiment with the visual search task, a participant is re-
quired to search for a specific target in a visual scene; the
number of targets and nontargets (distractors) or feature
dimensions (e.g., colors) may be manipulated to evaluate
reaction times and performance on the visual search task.
Visual search is often affected by neurological deficits and,
therefore, requires clinical attention for problem identifi-
cation and further management of symptoms. However,
most lab instruments for visual search studies may be in-
appropriate for clinical evaluation. Therefore, we modi-
fied a popular assessment instrument, the cancellation
task, from a paper-and-pencil test to a computer-based
test (Wang, Huang, & Huang, 2006) for education and
clinical administration. To better express the spatiotempo-
ral process during the assessment, we introduced a pattern
identification mechanism for visualized representation of
visual search patterns.

Previous studies have indicated that the features shared
by the target and the distractors, as well as the number
of search items, will affect reaction times and the perfor-
mance of visual search (Hogeboom & van Leeuwen, 1997;
Miiller & Found, 1996; Scharroo, Stalmeier, & Boselie,
1994; Treisman, 1991; Wolfe, 2001). Treisman and Gelade
(1980) proposed the feature integration theory, in which
two types of visual search tasks are distinguished: feature
search and conjunction search. Feature search, in which a
single feature, such as size, color, orientation, motion, cur-
vature, or depth, solely defines the target, can be executed

easily. Feature search is performed in parallel in the pre-
attentive stage, and reaction time will not be affected by
the number of distractors. In contrast, conjunction search
is a more complex task requiring the examination of tar-
gets and nontargets that share the same features. As the
number of distractors increases, participants require more
time to complete the conjunction search task.

Visual search tasks have been used to study the deploy-
ment of visual attention in a visual scene (Bundesen, 1990;
Bundesen, Habekost, & Kyllingsbaek, 2005; Johnson &
Proctor, 2004). An individual’s intention controls the al-
location of attention and guides the attentional focus and
the processing of selected information consecutively. Pos-
ner and Rafal (1987) reported that visual-scanning deficits
can disrupt visual attention. Shifts in visual attention (i.c.,
the orienting process) are usually accompanied by motor
behavior (overt movements of the head and eyes to align
the fovea with the spatial locus of the target) and can be ob-
served by means of reaction time for motor output. There-
fore, visual attention can be observed through people’s
motor behavior when they perform a visuospatial task.

In the studies of visuospatial attention, an individual
has to search for a specific target in a search scene, which
involves the spatial processing with the temporal compo-
nent of the task (Robinson & Kertzman, 1990; Snowden,
Willey, & Muir, 2001). When an individual searches for
a target scattered in a visual scene but fails to point out
the target and its location, it is likely that the person has
deficits in visuospatial attention. The cancellation test is
one of the most popular tools for assessing visuospatial
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attention (Byrd, Touradji, Tang, & Manly, 2004; Lowery,
Ragland, Gur, Gur, & Moberg, 2004). Traditional paper-
and-pencil cancellation tests are used for clinical settings
and research to evaluate visuospatial attention, visual-
scanning patterns, and neglect problems (Halligan, Burn,
Marshall, & Wade, 1992; Weintraub & Mesulam, 1985).
The formats of cancellation tests vary widely in terms of
complexity, with respect to stimulus shapes, set sizes, and
array layouts (Friedman, 1992; Halligan et al., 1992; Wil-
son, Cockburn, & Halligan, 1987).

Despite the extensive application of cancellation tasks
in research, there are relatively few reports on the spatial
aspects of cancellation performance in healthy popula-
tions. Some studies have examined error distributions
for the left and right halves of cancellation forms, find-
ing no significant difference for small samples of healthy
adults (Gauthier, Dehaut, & Joanette, 1989; Weintraub &
Mesulam, 1987, 1988). Geldmacher and colleagues stud-
ied verbal and nonverbal cancellation performance in a
large sample of healthy adults and reported conflicting
findings for visuospatial attention bias. They suggested
that the reading habit may be an interacting factor to be
considered for the directional bias (Geldmacher & Alhaj,
1999; Geldmacher, Doty, & Heilman, 1994).

In other experiments, cancellation tests have been used
as a tool for understanding visual exploratory performance
during the target-searching process. It has been assumed that
the extent of the disorganization of cancellations may relate
to visual inattention. Healthy participants usually cancel
targets in organized patterns, generally horizontal (e.g., left
to right) or vertical (e.g., top down) (Donnelly et al., 1999;
Gauthier et al., 1989; Weintraub & Mesulam, 1988). How-
ever, Mark, Woods, Ball, Roth, and Mennemeier (2004)
reported no significant correlations between omissions and
search organization variables for cancellation performance.
They used a small camera to record the test performances of
18 stroke patients and conducted a frame-by-frame analysis
on the searching path, with marked stimuli identified by
Cartesian (¥, y) coordinates. Difficulties arise when one at-
tempts to replicate the study with a large sample through
such an all-by-hand method. We suggest that further exami-
nation of the topography of target searching is necessary to
rule out visual attention problems and that an automated
procedure is required.

Computerized technologies have been widely used in
different assessment tools. Both Donnelly et al. (1999) and
Potter et al. (2000) used computers to record and analyze
spatiotemporal performance, such as premovement time
(initial movement), movement time (time between two
successively marked stimuli), drawing time (completing
a cancellation), and pause time (the preparatory process).
These computer-assisted assessment tools more sensitively
measured visuospatial attention performance than did tra-
ditional assessment tools. Wang et al. (2006) constructed
the computer-assisted cancellation test system (CACTS) to
investigate the performance of visuospatial attention in a
population of schoolchildren. We used CACTS to analyze
visual attention performance in terms of visual search pat-
tern, moving time, pause time, and performance, which
allowed us to observe not only the correct/error responses,

but also the cancellation process. However, the system did
not support a visualized interface for analyzing the visual
search path and attentional center, which could increase
our understanding of attentional deployment.

In the present article, we present a new visuospatial at-
tentional assessment system for assessing and obtaining
more detailed information of attentional processes and
performance. We use the cancellation test to assess atten-
tion performance, the efficiency of attentional shifts, and
the strategies of visuospatial search in a visual scene. A
visualized tool is introduced that presents the geographi-
cal location of the attentional center for visuospatial atten-
tional processes. In addition, a pattern identification algo-
rithm is proposed for automatically identifying the type of
visual search pattern. With the assistance of computerized
tools, we can understand individual discrepancies in the
process and strategy of visuospatial search better.

Visual Search Pattern and Attentional Center

During a visual search task with more than one target,
all the stimuli marked by the participant can be linked se-
quentially to form a visual scanpath. A scanpath is the se-
rial deployment or shifts of the attentional spotlight across
displayed visual information mapped in iconic memory
(Posner & Peterson, 1990). We define a scanpath as “the
total of the cancellation sequences (i.e., links of marked
stimuli) based on the temporal order of stimuli marked
during the visual search process.” In other words, a scan-
path shows the attentional shifts for stimuli marked from
one location to the next across the visual scene. With the
assistance of the CACTS scanpath analysis, we were able
to monitor the attentional shifts of participants in order to
understand their deployment of visuospatial attention.

A visual scanpath can be as simple as a straight line
or as complex as a visual search graph. We classified a
visual search graph into three search pattern types: a hori-
zontal, a vertical, and a mixed search pattern. To avoid
trivial processes in identifying search patterns by human-
made detection, we established a pattern identification
algorithm with an evaluation measure, the search pattern
index, for automatically identifying the visual search pat-
tern (Figure 1). Two expressions relevant to the search pat-
tern index are

) 2 2

line,_, = \/(Xj - Xi) (Y, - Yi) (1
and

SIOpe(i—j) = |Sy/Sx|a (2)

where S, = (X; — X)) and S, = (¥; — Y)); (X, ¥}) and
(Xj, Y)) are the coordinates of the stimuli i and j, respec-
tively; line;;_;) is the distance between two marked stim-
uli i and j; slope(;—) is the slope of the straight line (i.e.,
line;;)) and is used to identify the type of the straight line
(horizontal or vertical). Two variables, H-sum and /-sum,
are used to calculate the total length of paths for horizontal
and vertical lines, respectively. If the value of slope;
is less than 1 or the value of S|, is zero, the line will be
horizontal, and the length of line segment line;_;, will be
accumulated into the H-sum variable. On the other hand,

if the value of slope; ) is larger than 1 or the value of S,
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Algorithm: SP-index(G, P) Pattern Identification.
Input: G, a visual search graph (a set of visual search paths)
Output: P, a type of search pattern for the input G.
Method:
Scan G for a set of sequential lines, ¢.
H-sum = 0, V-sum = 0; // the total value for vertical and horizontal lines
Repeat
{
for each line ¢e G // identifying individual lines
S =X-X)S,=Y,=Y); /ieX,Y),jelX,T)
Line,_,, = square-root((S,)’ + (S,)); //calculating line’s length
Slope;_;, =|S,/S./; //calculating the slope of the line
If Slope;_;, < 1 or S, = 0 then H-sum = H-sum + Line;_;
else if Slope;_;, > 1 or S, = 0 then V-sum = V-sum + Line,_,;
} until the line is empty;
SP-index = (H-sum / V-sum) — 1;
Procedure (SP-index);

Procedure (SP-index)
{
8
If |SP-index|< 0 then P = “mixed”; //a mixed pattern

else if SP-index > 6 then P = “horizontal”’; //a horizontal pattern
else P = “vertical”; //a vertical pattern
Output P; //output the type of search pattern

}

Figure 1. Pattern identification algorithm. SP, search pattern.

is zero, the line segment line;_; will be vertical, and the
length of the line segment will be accumulated into the
V-sum variable.

In addition, the system automatically identifies the type
of search pattern according to the threshold value, 6. If
the ratio of H-sum to V-sum is within the threshold value,
the type of search pattern will be identified as mixed. If
the ratio of H-sum to V-sum is larger than the threshold
value, the pattern will be identified as horizontal. On
the contrary, if the ratio is less than the threshold value,
the pattern will be identified as vertical. The higher the
threshold value, the more likely it is that a mixed search
pattern will be identified. The task administrators of the
CACTS can adjust the threshold value for different re-
search purposes. In the present study, we set up the ini-
tial value of the threshold on the basis of our training
data obtained from a previous experiment (Huang &
Wang, 2005). The search patterns of the 50 participants
in the structured array were identified by human visual
examination, as well as automatically by the system. To
obtain the optimal threshold for the pattern classification,
we chose six different threshold values (i.e., 0, 0.1, 0.2,
0.3, 0.4, and 0.5) for the analysis of visual search patterns.
The frequencies of vertical versus horizontal patterns
were (14, 34), (12, 32), (8, 30), (6, 29), (5, 27), and (4,
25), and the frequency for the man-made judgment was
(13, 32). The interrater reliability between human visual
examination and system-automated identification was
examined using the intraclass correlation coefficient. The
Cronbach’s alpha values were .874 (6 = 0),.989 (6 = 0.1),
.891 (6 = 0.2), .857 (6 = 0.3), .805 (0 = 0.4), and .783
(6 = 0.5), respectively. Therefore, the reasonable range of
the threshold was from 0 to 0.2, and we chose the optimal
value (0 = 0.1) for the present study. The details of the
pattern identification algorithm are provided in Figure 1.

We adopted another performance measure, Q score, to
assess the visuospatial performance of the participants as
follows (Hills & Geldmacher, 1998):
correct responses

total target

corTect responses
completion time

(€)

QO score =

Correct responses are the total number of correct tar-
gets marked by a participant, and fotal targets are the total
number of targets in a test (n = 60 in this test). Comple-
tion time 1s how long it took the participant to finish the
test. The higher the Q score, the better the visuospatial
attention performance. In addition, the search screen was
invisibly divided into four quadrants, using Cartesian co-
ordinates, when the system recorded the spatiotemporal
data of the visual search. To specify the location of any
stimulus on a 2-D coordinate system, every stimulus was
coded using its x- and y-axes coordinates. The center point
(also called the origin point) was at the center of the page
with the coordinates (0, 0).

Mark and Monson (1997) proposed the concept of
attentional/neglect centers to identify visual attention prob-
lems. We adopted their idea and included it as part of the
analytical mechanism of our system. The attentional center
is the geographical center of all the marked stimuli on the
test screen and is quantified by averaging the Cartesian co-
ordinates of all the marked stimuli. The system automati-
cally calculates and identifies the attentional center for each
participant when the participant completes the test. Because
all the target stimuli are symmetrically scattered across the
screen from the center point, the mean coordinates of all
the symmetrical stimuli are the center point. If a participant
does not mark all of the targets (i.e., missed one or more
target stimuli) or marks one or more nontargets in a test, the
attentional center falls away from the center point. An atten-
tional center in CACTS is visualized as a coordinate point
(xx, ¥) connected to the center point (0, 0) by a line segment.
The standardized length unit of the attentional center is cen-
timeters, to allow for evaluating the discrepancies between
different layouts of cancellation tests.

To support the analysis of attentional processes, the test
screen is divided into nine identical regions, one circular
central region surrounded by eight equal regions (45° in
radius for each region) labeled center, far, far-right, right,
near-right, near, near-left, left, or far-left (see Figure 2).
In addition, the system also provides task administrators
with the coordinate information of the attentional center
for individual demands of visuospatial attentional analy-
sis, such as near or far regions, left-side and right-side re-
gions, and so forth. In the present study, we separated the
screen into four quadrants: The first quadrant represented
the far-right region (+, +), denoted by “I”; the second
represented the far-left region (—, +), denoted by “II”’; the
third and fourth were near-left (—, —), denoted by “IIL,”
and near-right (+, —), denoted by “TV.”

SYSTEM OVERVIEW
System Architecture

We constructed a new CACTS architecture to support
the analysis of attentional processes, using a visualized in-
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Figure 2. Labeled attentional regions.

terface. The former CACTS architecture was on an IBM-
compatible PC running the Microsoft Windows XP oper-
ating system and connected to a 9 X 12 in. graphic tablet
(WACOM PL-400) with a stylus pen for data input (Wang
et al., 2006). CACTS was redesigned and implemented
on a convertible tablet computer (screen size: 9 X 12 in.).
CACTS uses the tablet computer’s touch screen as “paper”
and receives the writing signal from a pressure-sensitive
stylus pen. When participants touch the target with the
stylus pen, the system will automatically mark out the tar-
get with a blue circle symbol. Therefore, the participants
experience the computer version of the cancellation tasks
as marks on digital paper.

The CACTS architecture consists of four modules:
a graphical interface, a user profile, an attention test,
and an attention diagnosis. The graphical interface gives
the task administrators a visualized representation of
test performance and data analysis. Task administrators
can select the items they are interested in and get more
information using the graphical interface, such as their
personal profile, test results, and visual search pattern.
The user profile module stores participants’ demographic
data, such as identification number, name, age, gender,
and education, for analyzing the relations between the
participants’ profiles and test results. The attention test
module consists of various forms of cancellation tests
with different types of stimuli (numerical, alphabetical,
symbolic, and Chinese characters), and each form in-
cludes both structured and random arrays. The attention
diagnosis module is composed of different diagnostic
functions, such as attention performance and atten-
tional center, for analyzing the participants’ visuospatial
functions.

System Implementation

We moved the hardware platform of CACTS from its
original PC architecture to the tablet computer. CACTS
uses a tablet computer with ambient light sensors to con-
trol the display of stimuli on the screen. The task was
programmed using Borland C++ language. The stimu-
lus shapes are displayed on a 14.1-in. LCD screen with

1,024 X 768 resolution. Four kinds of stimulus forms
have been constructed in the system. The numerical form
consists of 10 Arabic numbers (0-9); the alphabetical
form consists of 26 uppercase alphabetical letters (A—Z);
the symbol form consists of 52 different symbolic shapes,
such as ¥¥ and e; and the Chinese form is composed of
26 traditional Chinese radicals (the basic components of
Chinese characters), such as H and T.. In addition, task
administrators can create a new test form freely on their
own by appending new stimulus shapes to the system.

Collected data are classified into demographic data and
test data. The demographic data include participant ID,
name, age, gender, education, special conditions (such as
diagnosis group), and so on. Test data are further classified
into static and kinematic data. Static data contain informa-
tion about the participant’s attention performance, such
as the number of correct responses, errors of commission
and omission, completion time, the time and the location
of the initial response, and the left- and right-hemispace
dispersion of responses. The kinematic data are used for
studying the dynamics of attentional processes from the
beginning to the end of the test. Kinematic data, collected
throughout the entire test process, include the visual scan-
path, moving time, pause time, and so forth. All test data
are recorded in a Microsoft Office 2003 Access database.
We divided data into three groups in the database: the user
table (i.e., demographic data), process table (kinematic
data), and outcome table (static data).

The attention diagnosis module offers a data manage-
ment interface and a pattern management interface. The
data management interface provides task administrators
with performance information, such as user profiles, test
results, and the ratio of correct to error responses. The
pattern management interface (Figure 3) focuses on the
administration and analysis of the visual search pattern,
such as the click time and distance of the total search path,
the sequence of the visual search, and so forth. A reduced-
scale figure of the visual search pattern (upper left side
of Figure 3) also shows the visual-scanning strategy of a
participant. The right side of Figure 3 is the line graph that
represents the distance or the moving time between any
two marked stimuli during the whole test process.

(1. 9 2. v e B Bk w2 00

o Visual search patterns

WA R | e | o
e

—t ]

_—
— THENE
amnTom

i L

HEnE

L] unEHE

smein |
=meo [ L ads tld
nntmsan]

UL R
Time sequences of
targets clicked

eeaesn [ Target stimulus

Figure 3. Pattern management interface.
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Figure 4. A visual search pattern.

CACTS is able not only to present the sequence of vi-
sual scanning of individual participants, either step by step
or all at once, but also to provide information about every
response (whether it was a correct or an error response,
the stimulus shape, etc.). A visual search pattern for a par-
ticipant is shown in Figure 4. The circle node denotes the
location of the initial response, and the square represents
the location of the final response. The nodes between the
initial and the final responses are the sequential nodes of
visual scanpaths. To present more information about the
attentional center, the system indicates the location of the
attentional center with the regional label or the coordi-
nates. Finally, a screenshot (Figure 5) shows a participant’s
attentional center on the (—7, —2) coordinates.

METHOD

Participants

We recruited 149 undergraduates (86 of them male, mean age =
20.2 years [57.7%]; 63 of them female, mean age = 20.0 years
[42.3%]) to participate in the experiment. All the participants had
normal or corrected-to-normal visual acuity and normal color vi-
sion. The students were assessed through health examinations and
were free from any physical illness, neurological deficits, visual or
motor problems, and perceptual disorders. Informed consents were
obtained from the participants before they began the study.

_

0”""”/’(‘- B

A directional and biased attentional
center (—7,-2) by a participant

Figure 5. A biased attentional center.

Test Administration

Each participant completed the symbol cancellation tasks with
structured and random arrays. Both tasks consisted of 52 different
symbolic shapes, such as Xt and e, with a % target. Sixty targets
were equally distributed in four quadrants (» = 15 in each), with
314 distractors arranged in lines or scattered randomly in the visual
scene, which contained 374 stimuli total. For the structured array, the
spacing of any 2 adjacent stimuli in a row or column was equivalent,
but for the random array, the spacing varied between any 2 adjacent
stimuli.

Procedure

During the test, the participants were seated upright in straight-
backed chairs, with their midsagittal planes aligned with the screen.
The screen was placed at a 30° tilted angle and at a distance of
20-30 cm in front of the participant. The procedures and recording
process of the experiment were as follows. The participant’s demo-
graphic data was first obtained, and then the test form and layout
were selected. Before the test, each participant was given detailed
instructions and a practice trial to make sure the test was fully under-
stood. The participants were asked to search for and, using a stylus
pen on the screen, to mark all the targets as quickly as possible.
There were no time limits and no restrictions on head or eye move-
ments during the test. A test was terminated when the participants
pressed any key on the keyboard. Normally, a single test took less
than 5 min to complete, and each participant should have been able
to finish all the tests within 10 min. Two test layouts (structure and
random arrays) were given in a counterbalanced order to avoid any
practice effects.

Data Collection and Analysis

For this experiment, the CACTS system automatically collected
the following data.

Attention performance. Attention performance was represented
by the O score, shown in Equation 3.

Correct response. A correct response was scored when a partici-
pant successfully marked one target.

Error response. An error response was counted when a participant
marked a nontarget (commission) or missed a target (omission).

Total response time. Total response time was defined as the time
between the first marking and the termination of the test.

Initial location. Initial location was the location of the first stimulus
marked by the participant. The location of the initial marking was rep-
resented by either a coordinate value (e.g., [3, 5]), to locate its specific
position on the screen, or a Roman numeral (I, II, I1I, or IV) to repre-
sent its position in a quadrant of a 2-D Cartesian coordinate system.

Attentional center. The attentional center was a spatial vector or
simply a vector that was an arrow pointing from the center point to
the endpoint on the x—y plane. The endpoint of the attentional center
was obtained by summing up all the coordinate values of all the
marked stimuli.

Pattern type. A pattern type that represented a visual search graph
was automatically classified as a horizontal, vertical, or mixed pat-
tern by the pattern identification algorithm.

We used SPSS 12.0 (SPSS Institute, Chicago, IL) for data analy-
sis. Independent and paired 7 tests were used to compare the attention
performance between genders and tests. Nonparametric analyses of
related samples were used to compare the lateralization of visual-
processing patterns and the association between the attentional cen-
ter and performance.

RESULTS

There were no significant differences in the completion
time (fgpyetured = —0-531, p = .596; trandom = —0.755,p =
A451) or Q scores (fyructured = 0-421, p = .674; tandom =
0.508, p = .612) between males and females.
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Table 1
Paired ¢ Test of Attention Performance on Two Different Symbol Tests (V = 149)
Array
Structured Random
Measure M SD M SD t p

Performance score (Q) 0.77 0.25 0.83 025 —=3.902 .000*"
Correct response (score = 0-60)  59.3 1.1 59.5 1.0 —1.264 208
Error response 0.05 0.21 0.03 0.18 0.576  .565
Completion time (sec) 85.6 323 81.5 33.2 2.193  .030"
*p <.05. *p<.001.

Table 1 summarizes the attention performance on both
symbol cancellation tasks. There was no significant differ-
ence between the performances on structured and random
arrays regarding the correctness of the task, but comple-
tion times and Q scores were significantly different. The
participants spent more time on the structured array (¢ =
2.193, p < .05), which resulted in a lower Q score (¢t =
—3.902, p <.001).

Table 2 gives a descriptive analysis of visual search
patterns and attentional centers. More than 95% of the
participants started their visual search from the left side,
rather than from the right side, and this was consistent in
both test arrays (Z = —1.137, p = .257). The attentional
center was in the center (0, 0) for most participants (n =
94 [63.1%] for structured and » = 109 [73.1%] for ran-
dom arrays). Sixty-two (41.6%) participants had differ-
ent attentional centers between different arrays, and 87
(58.4%) participants maintained the same (Z = —0.889,
p = .374). A horizontal search strategy was used by 91
(61.1%) in the structured array and by 77 (51.7%) in the
random array. A vertical search strategy was used by 48
(32.2%) in the structured array and by 45 (30.2%) in the
random array. A mixed search strategy (i.e., a combina-
tion of horizontal and vertical search strategies) was used
by 10 (6.7%) participants in the structured array and 27
(18.1%) in the random array (Table 2). This shows that
more participants used horizontal than vertical search
strategies with both the structured and the random arrays.
In addition, some participants (n = 34, 22.8%) changed
their search strategies from one pattern to another (hori-
zontal, vertical, or mixed patterns) between different test

Table 2
Visual Search Patterns of the Participants (V = 149)
Array
Structured Random
No. % No. % VA r
Attentional Center
Center point 94  63.1 109  73.1 —0.889 .374
Right side 18 12.1 14 9.4
Left side 37 248 26 17.5
Pattern Type
Horizontal 91 61.1 77 517 —2.229 .026"
Vertical 48 322 45 30.2
Mixed 10 6.7 27  18.1
Initial Location
Right side 7 4.7 4 2.7  —1.137 257
Left side 142 953 145 973
*p <.05

layouts (random and structured arrays), and the rest (n =
115, 77.2%) remained the same. The change of search pat-
terns between structured and random arrays is called an
inconsistent search pattern. We also analyzed the within-
subjects difference in search patterns between the two test
layouts, which was statistically significant (Z = —2.229,
p = .026) in the present study, which suggested that the
search patterns of some participants changed as the test
layouts changed. The initial location of the visual search
was not affected by the test layouts in this study (p > .05),
however.

The total left/right errors were 40 (n = 33)/65 (n = 46)
in the structured array and 38 (n = 29)/46 (n = 31) in
the random array. We found a significant difference be-
tween the left- and right-side errors [structured array, x2
(16, 149) = 32.906, p < .01; random array, y2 (8, 149) =
35.402, p < .001].

Using repeated measures, we further compared the Q
scores and the completion times between participants with
consistent and inconsistent search patterns and found no
between-group differences in these two variables (ps =
.734 and .967). To see whether there was any association
between the attentional center and performance, we fur-
ther categorized the participants into three groups. The
attentional center was on the left side of the screen for
Group 1 (n = 26), in the center point (0, 0) for Group 2
(n = 109), and on the right side for Group 3 (n = 14). For
the random array, a one-way ANOVA showed significant
between-group differences in O scores [F(2) = 5.904, p <
.005]. A post hoc analysis showed that Group 1 had a sta-
tistically significant higher QO score (mean difference =
.186, p < .005) than did Group 2. For the structured array,
however, we found no significant differences.

DISCUSSION

We found that the participants in the present study had
search strategies similar to those of the participants in pre-
vious studies (Dawes & Senior, 2001; Wang et al., 2006)
in terms of initial location of marking, search strategy,
and completion time difference in both test layouts. The
random-symbol test took less time to complete than did
that with structured arrays. More than 90% of the par-
ticipants started searching from the left side and used a
horizontal search strategy. When the test layouts (i.e.,
structured or random arrays) changed, the initial locations
almost always remained the same, but the visual search
patterns changed significantly.
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Woodward (1972) predicted that visual search patterns
would change because, he suggested, the distal/proximal
factor would affect not only the total time of the visual
search, but also the orientation of the searching behav-
ior. In the present study, the distances between lines and
columns were constant in the structured array but varied
significantly in the random array. Given that the distance
between two stimuli influences the visual search orien-
tation, an individual tends to search for the closest next
target. This explains why some participants in this study
changed their search patterns between the two layouts.

Wang, Huang, and Yang (2004) reported that a comput-
erized version of the cancellation test took longer than the
paper-and-pencil version to complete and was more diffi-
cult (i.e., the error rate was higher) for a population 50 years
of age and older. This agrees with the comparison of our
computerized version findings with those for the paper-
and-pencil-version in Dawes and Senior (2001). Previous
studies (Dawes & Senior, 2001; Lowery et al., 2004) have
shown no association between gender and completion time
or performance, which is consistent with our CACTS re-
sults. Researchers also have suggested that age is related
to completion time on a cancellation task. When this study
is compared with our previous studies on schoolchildren
(Wang et al., 2006) and the elderly (Wang et al., 2004), the
completion times are significantly different (p < .001),
ranking the lowest in college students (7 = 149; M uctured =
85.55 sec, SD = 32.25; M nqom = 81.52 sec, SD = 33.21)
and then the elderly (n = 33; Myyycrured = 132.18 sec, SD =
79.99; M, zndom = 127.88 sec, SD = 63.72) and the highest
in schoolchildren (n = 82; My uctured = 187.93 sec, SD =
79.74; M angom = 158.90 sec, SD = 62.7). We found that
completion time was associated with age-related processing
speed. Information-processing speed increases as a child
matures, reaching its apex in early adulthood, and gradually
declines with age (Kail & Bisanz, 1982; Salthouse & Kail,
1983). Previous studies on visual attention have suggested
that the process of attentional shifts and cognitive attention
toward various attention tasks in visual performance may
be affected by age differences (Curran, Hills, Patterson, &
Strauss, 2001; Geldmacher & Riedel, 1999; Kail, 1991;
Scialfa, Jenkins, Hamaluk, & Skaloud, 2000).

We found that most participants started their spatial
search from the left side and used a left-to-right search
pattern on both arrays. The participants made fewer er-
rors on the left side of the screen than on the right, which
implied a left-side advantage, findings consistent with
those in previous studies on a Chinese population (Daw-
son & Tanner-Cohen, 1997; Wang et al., 2006). Our re-
sults also supported the findings of several related studies
using diverse methods to demonstrate a right-hemisphere
dominance in visual search performance (Geldmacher
et al., 1994; Mesulam, 1985; Vingiano, 1991; Weintraub
& Mesulam, 1988). Vingiano found that nonverbal stimuli
were associated with right-side inattention, and with a left-
ward rather than a rightward performance bias on timed
cancellation tasks in English-reading college students.
Other studies also have suggested that the reading direc-
tions of some languages (e.g., Hebrew and Arabic lan-
guages; Chokron & Imbert, 1993; Geldmacher & Alhaj,

1999) and intrinsic motor behavior (Schwartz, Adair, Na,
Williamson, & Heilman, 1997) may have an interaction
effect on the left-advantage phenomenon. Further inves-
tigations that consist of samples with a wider educational
background, various neurological conditions, and a com-
bination of other assessments with CACTS would provide
more evidence for understanding the visuospatial perfor-
mance of an individual.

CONCLUSION

Many traditional assessment tools are being replaced
by computer-assisted assessments because they are time-
saving, less biased, more precise, and more efficient to
process and because they have more storage capacity. In
the present study, we found that a computerized assess-
ment system obtained more detailed information than a
traditional paper-and-pencil assessment did about an indi-
vidual’s attentional processes and performance. A visual-
ized tool was presented to locate the attentional center and
monitor the visual scanpath in order to understand shifts
in visual attention.

We found that the CACTS offered preliminary data
about visuospatial attention and a visual scanpath for the
target search task, which may have implications for the
understanding of visual reading patterns on a screen. We
also found that the visuospatial attention performance of
the participants was as good as was expected.
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