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Abstract—Tests that evaluate individual strategies of visual
exploration may be useful for uncovering deviations from typical
development, such as autism spectrum disorder and dyslexia.
One subgroup of visual exploration tests, called cancellation
tests, requires the identification of specific targets surrounded
by distractors. However, the lack of automated versions of
these tests limits their availability to a broader audience. In
the present paper, we present an automated version of a
cancellation test: the cars’ test. The test is designed to be used
by specialists, optimizing both its application and the analysis
of collected data. First, we evaluated the cars’ test in a group
of six to nine-years-old children enrolled in a private school,
22 children in total. Then, after some modifications based on
the observations made during the first test (increase in the
number of targets and distractors on the screen, for example),
a second test was performed in a public school with a larger
group of children, 82 participants, allowing a better statistical
analysis of the collected data. The results suggest that the cars’
test is useful in providing information about visual exploration
strategies adopted by children and is in agreement with the
results of similar tests found in the literature.

Index Terms—Cancellation test; Visual exploration; Auto-
mated testing tool

I. INTRODUCTION

Visual exploration is the process of finding and selecting
one or more targets in a scene containing a varied number
of distractors [1]. Visual exploration strategies depend on
the ability to control the focus of visual attention around
the scene and also the ability to inhibit the engagement
of prepotent (distracting) stimuli. The performance eval-
uation in visual exploration generally offers measures of
higher cognitive abilities [2]. The visual scan analysis of

a real-time scene can help to identify the existence of
individual processing strategies related to specific stages
of the development of neural circuits responsible for the
control of visual attention. In a typical visual exploration
task, the participant looks for a specific item among a set
of distractors. They indicate whether the target is present
or not. If present, the applicator should count how many
times the user has encountered it. We usually measure the
efficiency in the task performance by the number of targets
identified during a predetermined time. The number of
available distractors regulates the difficulty of the task since
they compete for the participant’s attention [3].

The object of study of this work consists of the tests
that propose the evaluation of the visual exploration such
as Hooper Visual Organization Task (VOT) [4] and Test
of Variables of Attention (TOVA) [5], in addition to the
traditional cancellation tests. In this scenario, the cancella-
tion tests stand out, since they involve procedures that are
easy to apply, both in the clinical and school environment,
besides being commonly used for neurological evaluation of
visuospatial function and selective attention [6]. The main
characteristic of cancellation tests are non-verbal, time-
limited tasks, in which the individual must indicate the tar-
get stimuli (letters, random pictures, and numbers) that are
distributed on a piece of paper surrounded by distractors,
which should be ignored by the participant [7]. The subject
being tested can mark the targets on the sheet, or the
applicator can record the target stimuli pointed out by the
subject elsewhere. The data resulting from the application
of the cancellation test provides useful information about



the exploration strategies of the visual environment [2].
The reading of texts depends on the adequate devel-

opment of attentional strategies to scan the text and ex-
tract the meaning of words. Although dyslexia is popularly
characterized by disorders in the phonological process-
ing and grapheme-phoneme transcription, there are also
many pieces of evidence of an association with problems
in visuospatial processing, including the control of visual
attention [8]. Besides, we find evidence in the literature that
there is a correlation between patterns of visual exploration
along with the development and scores in tests of learning
and reading [9]. Previous studies with cancellation tests
also indicated a close relationship between the pattern of
visual exploration in the tests and the stages of cognitive
development in children [10], [11].

Several cognitive functions are involved in visual explo-
ration. It is possible to mention, for example, visual percep-
tion, attention, working memory, cognitive flexibility, and
behavioral inhibition [12]. In this way, cancellation tests can
help specialists in screening for childhood developmental
disorders such as dyslexia [13], attention deficit, and hyper-
activity disorder [14], and autism spectrum disorder [15].

There is evidence that the development of neural path-
ways responsible for the analytical recognition from ob-
jects’ characteristics precedes the maturation of pathways
associated with holistic recognition [16]. The perception of
complex scenes, fluent recognition of written text, for exam-
ple demands both analytic and holistic strategies [17]. The
pathways for the maturation of holistic strategies accelerate
from six-years-old while the adult pattern is established
at nine-years-old [18]. The role of this transition in child
development is not yet well established. However, its un-
derstanding can have important implications for learning,
particularly of reading and writing [19], and the knowledge
of neurodevelopmental disorders, such as autism spectrum
disorder (ASD).

Research studies suggest that the strategies of visual
exploration from individuals with ASD are different from
normotypic individuals in terms of population. For exam-
ple, the Central Coherence Theory (CCT) proposes that
individuals with ASD tend to explore the visual scene
initially by focusing on parts of the whole, different from
normotypic individuals, which use a holistic strategy [20].
These peculiar characteristics of visual processing associ-
ated with the relative privilege of global/local strategies
can be revealed in cancellation tests. However, despite
the critical applicability and smooth implementation of a
cancellation test, there is a lack of accessible automated
instruments available for health professionals, forcing them
to use less precise and more labor-intensive mechanisms
such as tests performed on paper [21].

In this context, this paper proposes an adaptation of
a cancellation test originally developed at France, known
as the cars’ test or voitures [22]. In this procedure, the
individual is instructed to point the symbols representing
cars located on a paper sheet in front of them. However,

these cars are scattered among other symbols (house, ball,
stars, among others) that work as distractors. Then, the
participant must indicate as many cars as possible within a
two-minute interval. The number of correct and incorrect
target stimuli identified, along with the time to complete
the task, are both used to evaluate the participant’s perfor-
mance.

The main objective of the present work is to develop
a computational tool to fully automate the cars’ test and
allow an efficient visualization of the data collected during
the procedure. For this purpose, we implemented software
based on a web platform and which allowed touchscreen
interaction, based on the original French test [22]. Besides
allowing a higher accuracy in data collection, the idea is
that the use of a touchscreen will make the test more
attractive for children since it is an interaction similar to
interactions that occur with tablets and smartphones. It is
worth mentioning that the program will be freely available
only to qualified health professionals.

Importantly, this study is the continuation of the work
started in [23]. In the first study [23], we applied the cars’
test to a group of six to nine-years-old students from a
private school and presented a quantitative analysis of
the collected data, investigating the number of targets
identified, number of distractors clicked improperly, the
location of the first touch on the screen, and the visual
exploration strategy adopted.

Based on the observations made by specialists that fol-
lowed the whole process [23], we made some modifications
in the software in order to make the distribution of the
symbols more homogeneous on the screen (or board).
Then, in this study, we performed a second test, but this
time in a public school with a larger group of children
between six and ten-years-old. Furthermore, we conducted
a statistical analysis to obtain more accurate conclusions.

This article is organized into eight sections. Section II
discusses previous works on automated cancellation tests.
Section III presents the proposed tool, detailing the imple-
mented features and their specific purposes. The test pro-
cedures are explained in Section IV. The results of the tests
performed with the volunteers are reported in Sections V
and VI. Final considerations are presented in Section VII
and finally future work is discussed in Section VIII.

II. RELATED WORKS

Due to the clinical relevance of using tests to evaluate
visual exploration strategies and the growing demand for
automated instruments, a review of the literature identified
other works that used digital technologies for cancellation
tests. We detailed the selected works in this section.

The use of computational resources to carry out visual
exploration tests already dates from a specific time. For
example, in the study performed by Donnely et al. [24],
they presented a modified cancellation test. On a board
with “O” symbols as targets and “X” symbols as distractors,
the users were instructed to identify with a pen scratch



all the “O” symbols, which were on a graphics tablet (A4
paper size). This board was connected to a computer that
will receive all coordinates signaled by the patient during
the test. They submitted 80 adults to this test, among
which 68 had some brain injury, and 28 of them already
pointed out the occurrence of visuospatial neglect during
the realization of inattention tests performed previously.
The authors classified the remaining users as a control
group (40 users) and healthy adults without any brain injury
(12 users).

The purpose of the test was to identify outcome patterns
among these three groups: brain injury with visuospatial
neglect, brain injury without negligence, and a healthful
group without brain injury. For the authors [24], the re-
sults obtained were satisfactory in identifying visuospatial
neglect through the number and location of targets not
identified by the user.

The use of the tablet as a technological resource also
occurs in the work proposed by Wu et al. [25], where a
system was adapted from the cancellation test K-T [26]. This
application was implemented for Android tablets using the
Android Software Development Kit in Java and optimized
for running on different platforms. The aim of this study
was to investigate the clinical utility by applying the au-
tomated cancellation test called e-CT for analysis of the
cognitive behavior of individuals, as well as to evaluate
the influence of daily use of computer-based devices on
test performance in patients with MCI (mild cognitive
impairment) and AD (Alzheimer’s disease) and whether this
use in any way influenced the results in performing the e-
CT tests.

The test procedure was as follows: Two stimulus pan-
els composed of 30 symbols were displayed on the right
and left of a touchscreen (10.1 inches). Participants were
instructed to play stimuli on the left panel that are not
identical to those on the right board. After participants
have finished processing all stimuli on one screen, they
should tap the "next" button to continue the test. In total,
there were seven pages of stimuli, and 62 stimuli should
be canceled. The time allocated to complete the test was 2
minutes.

In order to validate the use of the test in question,
they compared performance results in the elderly with
normal cognition (NC), patients with MCI, and patients
with AD. Results were obtained from 325 participants,
aged 50 to 92 years, with an average of 75.9 years, 112
men and 213 women. The authors concluded that the
performance of older adults with MCI and AD in automated
tests might improve when they make more frequent use
of technological devices daily. However, this behavior was
not observed by the authors in healthy elderly; that is,
regardless of the frequency of use, their performance in
the test showed no significant difference. By measuring
the correct cancellations of e-CT, it was also possible to
discriminate healthy elderly from patients with MCI and
AD.

In the study conducted by Reid et al. [27], they presented
a computational version of a cancellation test, where the
visual exploration of healthy adults was compared to the
visual exploration of adults who had a history of cranial
trauma. The authors used a touchscreen as the input device.
At the end of the study, they found that individuals with a
history of cranial trauma presented searching patterns more
disorganized than healthy controls.

The automation of a set of cancellation tests in a single
computational tool was proposed by Dalmajier et al. [28].
The software, called CancelletionTools, was developed with
a focus on people who had suffered a stroke and developed
sensory neglect. The software is open-source and stands out
for being compatible with online systems, desktops (mouse
and touchscreen), and tablets. The system is characterized
by collecting quantitative measures along with the test
execution: the number of omissions (total and by sector);
re-visitations, that is canceling a target already canceled;
the distance between targets canceled consecutively, and
so on. However, the complete CancellationTools package
is available for download only in the desktop version and
exclusively for the Windows environment while its online
version (www.cancellationtools.org) is limited in function-
ality,

Thus, the search in the literature available on the in-
ternet found only automated cancellation test applications
targeted for adults. This result suggests a lack of tests aimed
at children. The present work aims to fill this gap with a
system designed for children and characterized to be open
source and portable, meaning that it can be used on any
platform or operating system, only requiring the user to
have access to a web browser.

III. PROPOSED TOOL

The computational tool proposed in this work is an
adaptation of the cancellation test voitures, designed in
France, which has the figure of a car as a target [22].
The voitures test is applied manually on a paper sheet
measuring 60 by 40 cm, placed on the top of a table (in the
horizontal plane). This size was adopted because it is the
same measure of school tables used in French schools. The
visual stimuli are distributed as evenly as possible on the
sheet, which is divided into three unnoticeable horizontal
and three vertical bands, totaling nine sectors. Each sector
has 30 stimuli distractors (sun, boat, house, among others)
and four target stimuli (cars) arranged randomly within
each sector. In total, the voitures test is composed of 36
cars to be found among 270 distractors.

The tool was developed using HTML5, Javascript, and
CSS. This version is directed at children; for this rea-
son, some characteristics of the graphical interface were
adapted. The tool has four main parts: user registration,
figures presentation, cancellation test, and the report con-
taining the results.

www.cancellationtools.org


A. User Registration

Before carrying out the test, it is necessary to perform the
registration of essential information from the participant,
such as name, age, and educational institution, together
with a short socio-demographic questionnaire.

B. Presentation of Symbols

As a way to guarantee the symbols are familiar to the
participants, each symbol (target and distractors) is pre-
sented individually so that the child can identify it. The
symbol of a car represents the target, and the set of dis-
tractors is formed by the symbols representing the following
elements: airplane, boat, teapot, house, bunny, chicken,
cat, flower, tree, star, and sun. We want to emphasized
that the distractors mushroom and saw, present in the
original test, were excluded from this version. The symbols
are represented with a black profile, so that the subject’s
attention is directed only to the object’s shape, without the
influence of color on visual exploration.

C. Cancellation Test

The graphical interface for the cancellation test is shown
in Figure 1. We based the interface on a paper board used in
the voitures test [22]. The basic structure from the original
application on paper, divided into nine sectors, was main-
tained. However, the quantity and size of the symbols were
reduced proportionally to fill the frame of a touchscreen
monitor of 21.5 inches. In the end, the screen contained 27
targets (three per sector) and 154 distractors. In particular,
the division into sectors is difficult to understand, but can
best be seen in Figure 2. The selection of symbols can be
performed by a mouse or by touching the screen.

Fig. 1: Automated cancellation test screen.

D. Report with Results

The most significant difference between this tool, the
tests performed manually, and the other automated tests
found in the literature is the range of data collected and
how the results are reported. The report’s goal is to enable

Fig. 2: Disposition of targets in each sector of the board.

the specialist to perform efficient analysis of the visual
exploration strategy of the child with minimum effort.

An example of the main result generated after performing
the cancellation test is shown in Figure 3. In this case, we
generate a directed graph from the sequence of symbols
selected by the participant in order to allow, among other
things, a fundamental understanding of the visual explo-
ration strategy adopted by the participant.

In Figures 3, 8-10, the nodes of the graph are the chosen
symbols, and their labels show the order of selection. The
green color indicates that the chosen symbol is a car,
and the red color indicates the choice of a distractor. The
intensity of the color of the node is related to the number of
times that it was chosen, the darker the color, the higher the
number of times it was selected. If the node was selected
more than once, the number of its first selection appears
the label. For example, node 2 in Figure 3 has been selected
three times, and the user can visualize such a sequence
by hovering the mouse over it, through a tooltip. Another
information associated with the node relates to the self-
loop, that is, the node receives a specific marker if it has
been selected successively, as happened with node 2, which
also received the 7th and eighth clicks.

Besides the numbering of nodes, the direction of the
edges also represents the order of choice of the symbols.
The idea is that the applicator can easily visualize the path
taken by the child in an attempt to identify all the targets.
The thickness of the edge is proportional to the time the
participant takes to select the next symbol, the thicker the
edge, the more time spent between two nodes. It is possible
to visualize all symbols not chosen by the participant in the
report background, as in the case shown in Figure 3. The
tool allows the user to display only cars and also hide all
non-selected symbols, which can be done by choosing the
corresponding radio button, located above the image, as
can be seen in Figure 3. The caption of the visual scan
report is shown in Figure 4.

Finally, a graphic containing information with the total
time spent on the test and the time spent between clicks



Fig. 3: Example of visual scanning graph generated by the proposed tool.

Fig. 4: Label of visual exploration graph.

is made available to the applicator. The resulting graphic
of the test performed in Figure 3 can be seen in Figure 5.
Note that time is presented cumulatively. Thus, in addition
to knowing the time interval between target choices (green
dots) and distractors (red dots), the applicator can visualize
the total time of the test.

IV. TESTS PROCEDURE

We applied the adapted and automated cancellation test
to students from both a private (N=22, Case I) and a
public school (N=82, Case II) located in Belém, Brazil.
After analyzing the results obtained from Case I, we made

some adjustments in the system and tested it with par-
ticipants from Case II. The Research Ethics Committee
approved the ethical procedures of this research of the
Health Sciences Institute of the Federal University of Pará
(80949617.1.0000.0018).

A. Participant Selection Criteria

We applied the following exclusion criteria for sample
selection: regular use of psychotropic drugs, diagnosis of
psychiatric diseases; a history of neurological and cardio-
vascular diseases; the presence of sensory, motor and cogni-
tive disorders; and history of school repetition. All children



Fig. 5: Chart of the time between symbol selections.

were literate and had alleged prior contact with electronic
devices, such as smartphones, tablets, and computers.

B. Description of the Environment

The tests were conducted in a well-illuminated school
room and isolated from movement and noise. The software
was run on a computer with Intel Core Processor (i5-4200U
1.60 GHz), 6 GB RAM, Windows 8.1 Pro operating system,
and 21.5-inch touchscreen monitor.

After the registration, each child was individually led by
the applicator to the experimental room and invited to sit
on a chair. Later, the child was instructed to find the best
position to touch the screen, located in front of them in a
table with approximately 0.79 m of height (see Figure 6).

Fig. 6: Configuration for visual exploration task through a
computational tool and interaction by touch. This board
was applied in Case I.

The next step consisted of the individual introduction
of the symbols that compose the test. After this phase,
the child received the following guideline: “A picture with
several drawings will be displayed in front of the monitor.
You should only click on the car figures, you can click the
same car several times, but the most important thing is to
find all of them.”

The child then performed the cancellation test by inter-
acting with the touchscreen. The maximum time allowed
to complete the task was set at two minutes. After the
deadline, the process was finished automatically with a
thank you message. However, in case the child reported
that they found all the cars, the applicator would finish the
session even before the stipulated period.

V. CASE I: RESULTS AND DISCUSSION

For the first test, the chosen participants (N=22) were be-
tween six and nine-years-old, and the parameters collected
for analysis were: 1) number of identified distinct targets
(IT); 2) number of selected distractors (SD); 3) number of
repeated clicks on targets (RT); 4) time taken in the test
(TT); and 5) latency, i.e. time between the start of the test
and the selection of the first symbol (LT). The results of
the visual exploration of the 22 participating children were
grouped by age, as shown in Tables I and II.

The average number of identified distinct targets (IT) re-
mained stable in the four age groups, with a small increase
from seven years of age. On the other hand, analyzing the
standard deviation, we can notice that the values tend to be
closer to the average while the age increases. The decrease
in the number of selected distractors (SD) was quite clear



TABLE I: Average mean for Case I.

Age N IT SD RT TT(Sec) LT(Sec)

6 6 19.83 2.17 9.33 58.67 5.17

7 6 22.67 1.17 23.33 87.50 1.67

8 4 24.00 0.50 12.00 48.75 2.50

9 6 22.00 0.00 7.67 45.67 1.83

TABLE II: Average standard deviation for Case I.

Age N IT SD RT TT(Sec) LT(Sec)

6 6 2.67 1.21 8.36 27.51 3.89

7 6 2.62 1.21 10.81 26.06 0.74

8 4 1.87 0.50 13.10 21.53 0.87

9 6 1.53 0.00 7.54 11.23 0.69

from one group to another. Regarding the average of the
time taken in the test (TT), we observed that the higher the
age, the less time taken to find the same amount of targets.
However, we observed a discrepancy in the seven-years-old
group, where two children used the maximum time allowed
for the test (the only ones in the whole sample) and also
clicked on the same targets several times. Lastly, the latency
(LT) improved from seven years of age and remained stable
in the remaining age groups.

A. Location of the First Symbol

In order to verify the screen location where the children
began their visual exploration, i.e., in which region the first
symbol was selected, we followed the strategy of dividing
the cancellation board into nine invisible (to the child)
sectors. The sector where each child chooses the first
symbol can be seen in Figure 7.

Fig. 7: First identified symbol for Case I.

At all ages and primary school grades, we can notice that
most children began their visual exploration at the central
sector #5. Another point that draws attention is the number
of children who started the search at sector #1, located
in the upper left corner, a value that grows as both age
and school grade increase. We also noticed this tendency

in other studies, and it is associated with the level of the
child’s reading competence [22].

B. Strategies of Visual Exploration

Analyzing the order of car identification, we tried to
verify the existence of some strategy adopted by the child
to find the targets and, if so, what this method would
be. In this work, were adopted the criteria of linear and
circular exploration defined in [22]. The analysis of the
visual strategy presented here was based solely on the click
orders performed by the participants.

For the circular visual exploration strategy, one of the
considered criteria refers to the need to respect the di-
rection of rotation from one sector to another on the
board. Thus, only movements that share the same direction
from one sector to another are considered valid. When
it comes to the movements within the same sector, they
are automatically validated without taking into account the
direction of rotation, because they are very close cars. An
example of a circular strategy can be seen in Figure 8.

Fig. 8: Example of circular visual exploration.

The linear strategy is associated with trajectories orga-
nized in a sweeping direction from one end of the screen
to another. The lines drawn to connect the markers should
succeed each other from left to right (and vice-versa) for a
horizontal linear strategy, or from top to bottom (and vice-
versa) for a vertical linear strategy. An example of horizontal
linear visual search is presented in Figure 9.

In graphs where it was not possible to identify either lin-
ear or circular search patterns, the strategy was categorized
as undefined. An example of a graph in this situation is
presented in Figure 10.

It is important to emphasize that framing visual ex-
ploration in a single strategy is a somewhat subjective
process [22]. For this reason, the graphs with the visual
exploration of the 22 children were analyzed individually
by a group of six “blind” judges. The results can be seen
in Figure 11. For the sake of simplicity, we will not dis-
tinguish between horizontal and vertical linear strategies;
in other words, both will be considered just linear. In the
information visualization technique shown in Figure 11, the



Fig. 9: Example of linear visual exploration.

Fig. 10: Example of undefined visual exploration.

variables are assigned to parallel vertical axes. In this case,
the first axis represents the age range of the participants
(6 to 9 years), the central axis assumes the types of the
strategy adopted by the users (circular, linear or undefined)
and the third axis corresponds to the school grades in
which the users are attending. We separated the analysis
presented in this article into strategy vs. age and strategy vs.
school grade. Regarding the linear strategy, we can conclude
that it is generally adopted by the group of older children
and children in more advanced grades, whereas younger
children and early grades are still unable to choose a single
strategy, so they have a majority present an indefinite form
of visual exploration. To reinforce this statement, we can see
in Figure that all nine-year-olds adopted a strategy, either
linear or circular. The same occurred with children in the
fourth grade.

To sum up, half of the children adopted the circular strat-
egy (N=11), followed by undefined (N=7) and linear (N=4)
strategies. It was also verified that the starting point and the
visual search strategy are interrelated. In all, approximately
79% of the children who started exploration by the center
adopted the circular exploration strategy, while almost 67%
who started with the sector located in the upper left corner
performed the search linearly.

Although statistical analyses are highly relevant to val-

Fig. 11: Identification of the strategy adopted by the children
according to age and grade for Case I.

idate specific analyzes, we were unable to perform this
type of evaluation in Case I due to the small sample size.
The groups of participants did not have enough samples
to validate the conclusions or perform analyzes related to
grade or age, making this type of analysis unfeasible.

VI. CASE II: RESULTS AND DISCUSSION

After analyzing the results obtained from Case I, ques-
tions about the test difficulty and the symbols distribution
on the board were raised by the group. Then, in an attempt
to answer these questions and for experimental purposes,
we decided to increase the number of participants and also
the number of cars (targets) and distractors on the screen.
A decisive factor in increasing the number of symbols
was improving the homogeneity since, in the previous
configuration, both applicators and specialists noticed an
unwanted separation of the symbols, which may have
influenced the strategy adopted by the child.

Therefore, the main difference between Case I and Case
II is the number of symbols displayed on the screen.
The cancellation test configuration used in Case II has 36
targets (four per sector, the same amount found in the
original voitures test) and 206 distractors. The increase in
the number of targets can best be seen in Figure 12.

The final application board can be seen in Figure 13.
Note that, compared to Figure 6, the size of the symbols was
somewhat reduced, the spacing between them is decreased,



Fig. 12: Disposition of the targets for Case II.

and there are no more blank spaces on the sides of the
screen.

Fig. 13: Example of the board applied in Case II.

In total, 82 children between six and ten-years-old were
selected to participate. The parameters collected for anal-
ysis were: 1) the number of identified distinct targets (IT);
2) the number of selected distractors (SD); 3) number of
selected targets (ST); 4) time the child took in the test (TT),
and 5) latency (LT). The results were grouped by age, as
shown in Table III.

TABLE III: Average mean of the results for Case II.

Age N IT SD ST TT(Sec) LT(Sec)

6 15 27.07 1.00 46.93 77.67 4.40

7 12 27.00 0.67 50.25 71.92 4.00

8 14 26.14 0.50 38.57 53.57 3.36

9 24 28.21 0.17 36.92 49.21 2.17

10 17 28.47 0.88 37.59 52.47 2.94

A. Location of the First Symbol

The sector where each child chooses the first symbol can
be seen in Figure 14. In general, most children, for all ages
and school grades, started their exploration in the central
sector #5, 46.34% in total.

The sector #1 was the second with the highest amount of
“first symbols”, with 17.07% of initial clicks. In this sector,

Fig. 14: First symbol identified for Case II.

we can be observe a higher concentration of older children
in more advanced grades, which is expected due to the
higher reading ability.

B. Strategies of Visual Exploration

Three types of strategies were considered: circular, linear
(vertical and horizontal), and undefined. The results of the
analysis of six external “blind” judges can be visualized
in Figure 15. More than half of the children adopted the
circular strategy (58.53%), followed by undefined (23.17%)
and linear (18.29%) strategies.

C. Statistical Analysis

The statistical analysis of the data aims to verify the hy-
pothesis that the means of the number of identified distinct
targets (IT), the number of selected targets (ST), and the
time spent during the test (TT) differ as to age increases.
Another analysis was conducted considering school grade
as the independent variable (or grouping) since, in a given
grade, there are children of different ages. Finally, the ques-
tion of the visual exploration strategy was analyzed. The
idea is to study whether older children in more advanced
grades adopt better defined visual exploration strategies.

Initially, the outliers of each group were identified. The
dispersion diagrams can be seen in Figure 16. Considering
age as an independent variable, we removed four outliers
from the sample (the two values at nine-years-old corre-
spond to the same child). Regarding the grouping by grade,
only two outliers were excluded, both in the 4th grade.

To conduct the statistical analysis the main test used was
the ANOVA test [29]. It is well-known that this test requires
a data set modeled by a normal distribution. Statistically,
two numerical measures of form — asymmetry and kurtosis
— can be used to test normality. The values for asymmetry
and kurtosis between -2 and +2 are considered acceptable
in order to prove normal univariate distribution [30]. The
descriptive statistics are shown in Table IV. In addition ,
Fisher’s test [31] was applied to verify exploration strategies.



Fig. 15: Identification of the strategy adopted by the children
according to age and grade for Case II.

TABLE IV: Descriptive statistics considering age and grade.

Age Grade

IT ST TT IT ST TT

Mean 27.38 40.29 57.19 27.48 40.73 58.18

Std 3.91 14.94 23.60 3.91 15.09 24.10

Kurtosis 0.26 1.09 0.28 0.27 0.84 -0.03

Skewness -0.67 1.21 0.90 -0.69 1.13 0.81

Minimum 17 18 19 17 18 19

Maximum 34 91 120 34 91 120

Count 78 78 78 80 80 80

1) Identified Targets (IT): Regarding the identified targets
parameter, the ANOVA test showed that, on average, the age
factor did not influence the number of targets identified by
the participants (F (4,73) = 0.866; p = 0.489 > 0.05). Table V
shows the descriptive statistics.

TABLE V: Descriptive statistics of the identified targets
parameter considering age.

Age N Mean Std. deviation

6 15 27.07 4.621

7 12 27.0 4.328

8 13 25.92 5.107

9 23 28.0 2.985

10 15 28.33 2.795

TABLE VI: Descriptive statistics of the identified targets
parameter considering grade.

Grade N Mean Std. deviation

1 20 26.90 4.204

2 17 26.12 5.207

3 14 28.29 3.474

4 29 28.28 2.789

The descriptive statistics of the targets identified by the
participants of each grade are presented in Table VI. The
ANOVA test showed that, on average, the grade factor
also does not influence the number of targets identified
(F (3,76) = 1.455; p = 0.233 > 0.05).

This parameter refers to the number of times a partici-
pant has clicked on different targets, regardless of revisiting
the same destination. This result means that, on average, all
participants tended to click on the same number of goals,
regardless of age or grade. That is, grade and age were not
decisive factors for this parameter.

2) Selected Targets (ST): Applying the ANOVA test, it was
possible to verify that there is a significant difference in the
average of the selected targets parameter for different ages
(F (4,73) = 3.641; p = 0.009 < 0.05). As the ANOVA test does
not indicate which means are different from each other, the
Tuckey test was applied. The descriptive statistics for data
related to the number of selected targets grouped by age
are shown in Table VII.

TABLE VII: Descriptive statistics of the selected targets
parameter considering age.

Age N Mean Std. deviation

6 15 46.93 19.517

7 12 50.25 19.490

8 13 37.92 14.779

9 23 35.57 7.948

10 15 35.0 7.588

The Tuckey test showed that there is a significant dif-
ference only between the age pairs 7–9 years-old and 7–10
years-old, as can be seen in Table VIII.

TABLE VIII: Tuckey test results for the selected targets
parameter considering age.

Ages compared Mean difference Std. error Sig.

7–9 ±14.685 4.989 .034

7–10 ±15.250 5.426 .048

This parameter indicates the number of times the par-
ticipant has clicked on targets, considering revisits. That is,
the higher the average, the more often participants clicked
on repeated cars.

The descriptive statistics of the selected targets grouped
by series are shown in Table IX. Applying the ANOVA test,



Fig. 16: Graphical representation of the relationship between the independent variables age and grade and the dependent
variables: (a) the number of identified distinct targets (IT); (b) the number of selected targets (ST); and (c) the time spent
during the test (TT) in seconds. The outliers are highlighted in red.

it is possible to state that, on average, the number of
targets selected was significantly different between grades
(F (3,76) = 3.075; p = 0.033 < 0.05).

TABLE IX: Descriptive statistics of the selected targets pa-
rameter considering grade.

Grade N Mean Std. deviation

1 20 47.50 18.883

2 17 40.24 17.112

3 14 43.362 14.923

4 29 35.07 7.750

The Tuckey test, applied to verify which series presented
significantly different performance, showed that, on av-
erage, the number of targets was different only between
first and fourth grade (p = 0.22 < 0.05). We expected this
result, given that selective and sustained attention is more
developed in children of more advanced grades. This result
means that, for this parameter, fourth graders showed the
best performance.

3) Total Time (TT): The descriptive statistics regarding
the total time parameter for each age are described in
Table X. Applying the Anova test, it was possible to verify
that, on average, the time to perform the tests was sig-
nificantly different between participants of different ages
(F (4,73) = 8.473; p = 0.001 < 0.05).

TABLE X: Descriptive statistics of the total time parameter
considering age.

Age N Mean Std. deviation

6 15 77.67 27.463

7 12 71.92 25.830

8 13 50.23 15.029

9 23 47.17 13.944

10 15 46.33 17.727

The Tuckey test showed that there was a significant direct
difference between the following pairs: 6–8, 6–9, 6–10, 7–9,
and 7–10 years-old, as can be seen in Table XI.

TABLE XI: Tuckey test results for the total time parameter
considering age.

Grades compared Mean difference Std. error Sig.

6–8 ±27.436 7.590 .005

6–9 ±30.493 6.647 .001

6–10 ±31.333 7.314 .001

7–9 ±24.743 7.133 .008

7–10 ±25.583 7.757 .013

This parameter refers to how long it took participants
to complete the cancellation tasks. It was expected that
younger students (6 and 7 years-old) would take longer
to find targets, as opposed to older students (8, 9, and 10



years-old). This expectation occurs because younger stu-
dents still have reduced concentration and focus while older
participants are in more advanced stages of apprehension,
confirming expectations.

The descriptive statistics regarding the total time for each
grade are presented in Table XII. Applying the Anova test, it
was possible to verify that, on average, the time to perform
the tests was significantly different between participants of
different grades (F (3,76) = 7.673; p = 0.001 < 0.05).

TABLE XII: Descriptive statistics of the total time parameter
considering grade.

Grade N Mean Std. deviation

1 20 76.50 27.295

2 17 58.06 24.271

3 14 56.14 19.957

4 29 46.59 15.200

Regarding the Tuckey test, it is possible to state that only
one pair presented a significant difference on average: the
grade pairs 1–3 and 1–4, as can be seen in Table XIII.

TABLE XIII: Tuckey test results for the total time parameter
considering grade.

Grades compared Mean difference Std. error Sig.

1–3 ±20.357 7.502 .040

1–4 ±29.914 6.258 .001

The results obtained is similar to the grouping performed
by age, in other words, students in the less advanced grade
(first grade) were outperformed by the more advanced grade
students, due to the cognitive development stage.

In a general analysis, children from 6 to 10 years-old
identify on average the same amount of distinct targets,
but older children need less time and select fewer targets
for that. The same behavior was observed in the analysis
by school year.

4) Visual Exploration Strategy: Finally, a statistical analy-
sis was conducted to verify if the visual exploration strategy
changes over the years. In order to facilitate the study,
the circular and undefined strategies were grouped into a
single strategy called the nonlinear. On the other hand, the
vertical and horizontal linear strategies were grouped and
only called linear. The frequency of occurrence of these
strategies for each age is shown in Table XIV.

Fisher’s test applied to age samples showed that age is a
characteristic that influences the type of strategy adopted
by the children (p = 0.001 < 0.05). Thus, it is possible to state
that most participants tended to use a nonlinear strategy.
The linear pattern appears only at the highest ages.

This result was expected. Younger children respond to
stimuli differently than older children. A six or seven-year-
old child is more easily distracted, loses interest faster, while
older children already understand instructions better and

TABLE XIV: The frequency of occurrence of each defined
strategies considering age.

Age Nonlinear Linear Total

6 15 0 15

7 12 0 12

8 13 1 14

9 18 6 24

10 9 8 17

Total 67 (81.7%) 15 (18.3%) 82

can stay focused longer, completing the task faster and as
in this case, adopting more sophisticated strategies.

Fisher’s test was also used in the grade samples. The
frequency of occurrence of these strategies for each grade
is shown in Table XV.

TABLE XV: The frequency of occurrence of each defined
strategies considering grade.

Grade Nonlinear Linear Total

1 20 0 20

2 16 1 17

3 13 1 14

4 18 13 31

Total 67 (81.7%) 15 (18.3%) 82

Fisher’s test showed that the grade factor also influ-
enced the type of strategy adopted by the participants
(p = 0.001 < 0.05). This result was expected given that the
choice of a strategy depends significantly on the cognitive
development of users. Children in early grades are not yet
familiar with the reading pattern, unlike children in more
advanced grades, who already know the writing and reading
pattern better and are therefore more likely to adopt a more
systematic strategy, such as linear strategy.

VII. FINAL CONSIDERATIONS

This paper presented a proposal for adaptation and
automation of a cancellation test, known as the cars’ test
or voitures. The designed tool enables the visualization of
the data collected through a graphical interface in order to
facilitate and streamline the understanding of characteris-
tics, such as type of visual exploration strategy adopted by
the child, quantity, and location of the selected targets and
distractors, the time between markings, among others.

After collecting and analyzing the data, it was demon-
strated the great benefit in the automation of manual
tests due to the amount of useful data obtained, also
guaranteeing greater accuracy in the procedure. It is also
important to point out that the applicator can focus its
attention on personal information not collected by the tool
during the test and use it to make additional behavioral
analyses of the individual.

The use of technological resources, such as tablets and
smartphones, is becoming increasingly common, including
for children, since they have increasingly early access to dig-
ital technologies. Therefore, the children in our sample were



enthusiastic about performing the test, mainly because of
the touchscreen interaction.

After analyzing the feasibility of handling and visualizing
the data generated by the tool, the two professionals who
followed the whole process — from the design of the
software requirements to the tests — were satisfied with
the system capabilities. Thus, we consider that the proposed
tool has great potential to replace manual tests for the same
purpose.

Besides, the use of the tool will allow the scalability of
visual exploration tests, enabling the creation of a database
that can be used in further studies of visual exploration and
its association with other cognitive functions, a fact that
would generate a strong social impact. In general, the re-
sults obtained from Case I were consistent with those found
in the literature for six to nine-year-old children, despite the
adaptations made in this work, mainly in relation to i) the
reduction in the size and the quantity of targets (from 36
to 27) and distractors (from 270 to 154), necessary to frame
the cancellation board on a 21.5-inch monitor (the original
board is 60 by 40 cm); ii) change from the horizontal plane
to the vertical one; and iii) change in the maximum time
allowed to perform the test (from three to two minutes).
The conclusions obtained from the data collected in Case
I were statistically proven in Case II. As other research has
also shown, students at more advanced school levels tend
to hit approximately the same number of targets as younger
children, but in a shorter time, by clicking a smaller number
of symbols, and with more defined visual search strategies.

Some factors may have impacted the results of some
individual tests. For example, because the participating
audience was composed of children of varying ages, the dif-
ference in height between them required some participants
to use a cushion in the chair to raise their visual range.
Thus, the use of adjustable chairs, for example, is an issue
that must be adopted in future applications. Another point
that was also observed refers to the physical annoyance
presented by certain children when interacting with the
touchscreen, due to the need to keep the arm extended
for the duration of tests (two minutes). An alternative
way should be studied in order to reduce annoyance or
eliminated it.

VIII. FUTURE WORKS

As future works, we aim to improve the tool in the
following ways: make the tool parameterizable, so that
the applicator can define parameters for the configuration
of the test according to his/her needs. These parameters
would be, for example, the duration of the test, the number
of symbols and which ones will be present on the screen,
the number of targets and distractors by sector, among
others.

Even with an automated test, the definition of the visual
exploration strategy adopted by the participant is subjec-
tive. So, another future action will be the automatization
of the characterization of search strategies using pattern

classification algorithms based on machine learning tech-
niques [32], [33].

Another future goal is the simultaneous capture of ocular
movement during performance of the task. Ocular move-
ments – saccades and fixations – reveal valuable informa-
tion about search patterns, which can help in the analysis of
the strategies followed by the participants. This additional
form of capture, through eye-tracking, integrated with the
capture of touch data, could improve the identification of
errors and first targets, for example.
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