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Objective: This study investigated change detection of central or marginal interest in
images using a change-blindness paradigm with eye tracking.

Method: Eighty-four drug-naive adolescents [44 with attention-deficit/hyperactivity
disorder (ADHD)/40 controls with typical development] searched for a change in 36 pairs
of original and modified images, with an item of central or marginal interest present or
absent, presented in rapid alternation. Collected data were detection rate, response time,
and gaze fixation duration, latency, and dispersion data.

Results: Both groups’ change-detection times were similar, with no speed-accuracy
trade-off. No between-group differences were found in time to first fixation, fixation
duration, or scan paths. Both groups performed better for items of central level of interest.
The ADHD group demonstrated greater fixation dispersion in scan paths for central- and
marginal-interest items.

Conclusion: Results suggest the greater gaze dispersion may lead to greater fatigue in
tasks that require longer attention duration.

Keywords: change blindness, attention-deficit hyperactivity disorder, adolescents, eye tracking, fixations,
attention, cognitive load

INTRODUCTION

Attention-based mechanisms play an essential role in development, redirecting cognitive resources
to new or salient stimuli, and facilitating information processing and adaptive response (1).
Attention-deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition characterized
by impaired attention, hyperactivity, and impulsivity (2). Although diagnosed most commonly in
childhood, it has been shown to be a lifelong disorder that negatively affects everyday functioning
(3). Various studies have shown that in adolescence, the inattentional features are dominant and
often manifest as limited attention span, disengagement, or distractibility (4). As children with
ADHD progress to adolescence, core symptoms of hyperactivity/impulsivity tend to decrease
over time, although inattention tends to persist (5, 6). Studies have shown that deficits in
visual processing, vigilance, and inhibition continue into adolescence, at the same time, showing
inconsistencies in response times impairments specifically in adolescence (7). Thus, adolescents
may differ from children with regard to their neuropsychological profile of cognitive control
and attention.

A range of experimental paradigms have been used to study different aspects of change detection.
For instance, visual-search tests are perceptual tasks requiring attention and active scanning to
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detect a feature change in a particular object among other
objects [i.e., distractors (8)]. In their review, Mullane and Klein
(9) concluded that single-feature search (the target differs from
the distracters based on one simple perceptive feature, e.g.,
shape) is relatively preserved in ADHD participants, but serial
search (target and distracters share more than one perceptive
feature, e.g., shape and color) produced inconsistent results.
Although studies of visual search tasks in ADHD provide useful
information on detection rates and accuracy in locating an item
in an array, they do not offer an exhaustive understanding of
change detection, especially when it comes to detecting transient
change. Detection of transient change relies on the extended
memory span of focal attention to bind together the elements of
complex stimuli.

Change blindness is a perceptual phenomenon that occurs
when a transient change in a visual stimulus is introduced
and the observer does not notice it right away (10). Many
individuals experience difficulties due to this phenomenon (11,
12) and surprisingly fail to perceive large changes occurring in
scenes (12-14). For example, observers often fail to notice major
differences introduced into an image while it flickers off and
on again.

Experimental paradigms used to test change blindness involve
visual attention in such a way that both perceptual and semantic
characteristics of the visual scene combine to create a priority
list that determines which items to attend first. According
to Rensink et al. (10) and Auvray et al. (15), under normal
viewing conditions, transient changes in the visual field are
automatically detected by low-level perceptual mechanisms.
Therefore, attention is extrinsically attracted to the location
where the change occurred. Change blindness paradigms are
based on the use of experimental protocols successfully masking
the local transients that would normally cause the automatic
perception of change.

Rensink (16, 17) and Rensink et al. (10) created experimental
conditions based on a flicker paradigm task. In the flicker
paradigm, an original and modified image of any size and type
are presented in rapid alternation with a blank screen placed
between successive images. When the blank screen lasts for more
than 80 ms, it masks the local transients responsible for automatic
perception of change. When attention is no longer automatically
directed where change occurs, observers must rely on their scene
memory and deliberate control of attention to detect what may
have changed. Observers must scan an image, encoding the scene
piece by piece (10). Given the number of potential features and
objects in a typical natural scene, many aspects of a scene may
not be preserved in memory across views. Under this condition,
if changes occur in areas that attract more attention, they tend to
be detected more quickly. Conversely, if changes occur in areas
that attract attention less, they tend to be detected more slowly
(18, 19).

An item in the visual field can attract attention due to its
perceptual saliency or because of its relevance for the viewer.
Studies have found that, in the general population, changes
to high-salience features were fixated sooner and for shorter
durations and were detected faster and with higher accuracy than
those made to low-salience features (20). When saliency features

are equalized between different pairs of images in a change-
blindness flicker task, differences in change detection will be
guided mostly by the viewer’s interest for the objects displayed
on the images. Rensink et al. (10) characterized these differences
as related to the semantic properties of the objects in the images
and showed higher performances in the detection of items of
central interest (attracting more attention) compared to those of
marginal interest (attracting less attention).

In such experimental tasks, change detection performances
rely on prolonged search periods and shifts of focal attention to
the change for it to become conscious. Focal attention to change
is not sufficient for conscious detection of change in change
blindness flicker tasks: attention can be directed to changes—that
is, changes can be stared at “blankly,” without the change being
perceived. A further consolidation process supported by working
memory seems to be required for conscious detection (21, 22).
Interestingly, Martinussen et al.’s (23) meta-analysis showed
spatial working memory in children with ADHD compared
to controls.

Few studies have investigated change blindness in individuals
with ADHD and, as far as known to the authors, none
with adolescents. Cohen (24) found that children with ADHD
were faster than typically developing children in specifically
detecting marginal changes. The authors presumed that that the
children with ADHD possibly had not utilized the stereotyped,
repetitive scan path that typifies central interest changes in
typically developing children. Instead, they may have used a less
systematic, more disorganized scan path, which paradoxically
happened to serve them in identifying marginal interest changes
in the flicker task. In contrast, Maccari et al. (25) found that
children with ADHD performed more slowly and less accurately
than controls in detecting marginal changes. Cohen and Shapiro
(26) found no differences in change-detection times between
adults with and without ADHD, but those with ADHD had more
commission errors compared to controls, indicating a speed—
accuracy performance tradeoff. These inconsistencies may have
stemmed from inclusion criteria, treatment differences between
groups, or methodological differences.

Tiirkan et al. (27) used eye tracking in a change-blindness
study and found that children with ADHD made shorter fixations
on the changed area than did typically developing children. The
change-detection performances of children with ADHD were
also less accurate compared to TD children. These findings
aligned with known difficulties in ADHD with sustaining the
attention necessary to encode the scene properties and goal-
oriented behavior.

However, different experimental paradigms using eye tracking
can yield contrasting outcomes. For instance, Karatekin and
Asarnow (28) used a task in which children were asked to
explore static pictures to answer specific questions. They found
no difference between participants with ADHD and typical
development in the time spent viewing relevant and irrelevant
regions, fixation duration (an estimate of processing rate), or
distance between fixations. In contrast, in a different study,
students with ADHD had more fixations, which were also
significantly shorter than were the controls’ fixations (29).
Furthermore, an additional study found that although the

Frontiers in Psychiatry | www.frontiersin.org

February 2022 | Volume 13 | Article 770921


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Hochhauser et al.

Change Blindness and Attention-Deficit/Hyperactivity Disorder

ADHD and typical development groups did not differ in
fixation duration, visual scanning of children with ADHD was
discontinuous, uncoordinated, and chaotic compared with the
controls (30).

In summary, few studies have used a change-blindness
paradigm to investigate visual attention in people with ADHD.
These studies reported contradicting results regarding change-
detection performance of people with ADHD. They investigated
change blindness in children (24, 25, 27), and one investigated
adults (26), whereas the adolescent population has not yet been
studied. Only one change blindness study used an eye-tracker
device (27).

Thus, the aim of this study was two-fold. The first was to
compare the change-detection performance of adolescents with
ADHD to that of adolescents with typical development, using
a change-blindness paradigm. We compared change detection
time and error rates in items of central and marginal interest. An
additional goal was to refine the investigation of the attentional
process by examining gaze patterns using eye tracking. We
compared time to first fixation (TFF) on the changed item (i.e.,
first-fixation latency), and total fixation duration (TFD) on the
changed item (i.e., total time spent fixating on the changed item).
We also compared scan paths and gaze dispersion.

We hypothesized that ADHD participants would have
longer change-detection times, particularly in detecting marginal
interest changes because they require greater attentional control,
whereas central interest changes semantically pop out from the
picture (10). Alternatively, we expected that ADHD participants
would have a higher error rate because a speed-accuracy tradeoft
usually occurs.

We also expected that limited attentional resources would
cause participants with ADHD to have longer gaze TFD on
the marginal interest changed items compared to the group
with typical development. We assumed that, because detecting
marginal change requires an item-by-item scan of the entire
image using comparison strategies and working memory, it gives
rise to longer identification times if processing is inefficient or
speed is slowed. We hypothesized that first-fixation latency (TFF)
would be longer for marginal interest changed items for the same
reasons. These in turn, we speculated, might cause the ADHD
group to exhibit longer scan paths and greater gaze dispersion
because they might need to often backtrack to detect the change.

METHODS

Participants
The sample size was calculated by using G*Power for detecting
moderate effects with a statistical power of 95%, with alpha at
0.05 (31). The initial sample included 89 adolescents, with an
age range of 12-19 years, without evident motor disturbances or
intellectual or neurological impairments. Five participants (three
with ADHD, two with typical development) had insufficient
data due to technical difficulties. Consequently, the final sample
consisted of 84 adolescents.

The ADHD group comprised 44 participants (15 girls, 34.1%;
29 boys, 65.9%); the group with typical development (TD
group) comprised 40 participants (18 girls, 45.0%; 22 boys,

TABLE 1 | Participant characteristics in change blindness experiment.

Characteristic TD (N = 40) ADHD (N = 44) P
Mean + SD Mean + SD
Age 146 £2.13 14.6 £ 2.06 0.89
Gender Male:22; female: 18 Male:29; female: 15 0.37
1.45+£0.5 1.34 £0.48
TD, group with typical development; ADHD, group with  attention-

deficit/hyperactivity disorder.

55.0%). The groups did not differ with respect to age (Table 1).
Adolescents who were diagnosed with ADHD were recruited
from the Pediatric Neurology Unit of the Shaare Zedek Medical
Center. The diagnosis of ADHD was made by an experienced
clinician based on criteria of the Diagnostic and Statistical
Manual of Mental Disorders (2). It included the Disruptive
Behavior Disorders Rating Scale (DBDRS) and a structured
diagnostic interview with the parents. Adolescents were included
if they scored outside the normal range on the inattention or
hyperactivity/impulsivity subscale of the DBDRS, wherein six or
more items must be endorsed as “pretty much” or “very much”
to meet criteria. Inclusion criteria for both the ADHD and TD
groups included absence of chronic medications and attending a
regular classroom setting.

The ADHD group included 15 children who met the criteria
for the ADHD/C subtype (exhibit both inattentiveness and
hyperactivity/impulsiveness symptoms), 14 who met the criteria
for ADHD/A (show predominantly inattentive symptoms),
and 15 who met the criteria for ADHD/B (show prevalently
hyperactivity/impulsivity symptoms).

Adolescents in the comparison (TD) group were selected
from a local school and attended a regular classroom setting
but were excluded from the study if they had above-cutoft
scores on the DBDRS. The study was approved by the [blinded]
University’s Ethical Review Board and by the Helsinki Committee
of the Hospital. A written informed assent and consent was
obtained from the participants and their parents signed an
informed consent.

Materials and Apparatus

The experimental stimuli consisted of 36 pairs of real-world scene
images, 18 of which were adopted from Rensink et al. (10) and
the other 18 from selected from Hochhauser et al. (32). Two
additional image pairs from the same sources were used for
practice trials. Each picture measured 1,008 x 720 pixels. Each
pair of images were identical, apart from a single difference in the
presence or absence of a particular object or area.

Following the method indicated by Rensink et al. (10), the
pairs of images were divided into two equal groups where
changes were either of high-level interest (central) or of low-level
interest (marginal). The images were matched on psychometric
properties, location of change, size of change, conspicuity of
change, and intensity (33). The images had been validated for use
for the change-blindness paradigm in previous studies (10, 32).
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360 ms

2 sec

FIGURE 1 | Flicker paradigm used to test change blindness. A pair of images was presented, each for 360 ms, with an intervening blank screen of 120 ms. Cycle
repeated until participants responded or 45 s elapsed. Image accessed at Wikimedia Commons, the free media repository.

120 ms

The images were displayed on a 17-in screen in a “flicker”
paradigm from a viewing distance of about 50 cm. Responses
were collected via the computer mouse. The stimuli were
presented using a Tobii X2-60 eye tracker, which is non-invasive
and allows for free, unconstrained movement of the head and
body (www.tobii.com). For each image, we analyzed gaze data on
an AOI that circumscribed the changing item with an 0.5-visual
degree margin (5mm) to account for the eye tracker’s accuracy
error. We computed TFD and TFF based on fixations that fell in
this AOL

Procedure

The images were presented in counterbalanced trials in two
test blocks with a 1-2min rest period in between. Each trial
started with a fixation cross (apparent size in visual angles: 1
x 1°) appearing for 1s. It was followed by a briefly displayed
(360 ms) scene image, followed by a gray blank scene displayed
for 120 ms, followed by another image displayed for 360 ms, and
a repetition of this sequence (Figure 1). The sequence alternated
between a scene and its modified version, repeating itself until
the participant clicked the mouse or until 45 s had elapsed. This
response was based on the task instructions, which specified that
the participants had to indicate as quickly as possible, but without
guessing, what the change in the scene was. The response time
measure, recorded in milliseconds, was the time at which the
mouse click occurred. Following the mouse click, the participant
had to verbally describe the change to the experimenter. For
the trial to be classified as a correct response, the participant

had to verbally identify and locate the changing item. Trials in
which the participant made a mouse click response but did not
correctly identify the item that changed in the scene were scored
as an error. Two practice trials were conducted before starting
the main experiment. During the actual experiment, no feedback
was provided.

Participants were tested individually in a silent room. Before
they began, they received a brief overview of the experiment and
were instructed to click on the mouse as soon as they detected
that one object appeared and disappeared, and then to verbally
describe the change. Participants were told that a change would
occur on every trial and were encouraged to keep searching for
differences and not give up before the end of the trial. A 9-point
calibration of the eye tracker was applied before each experiment.

Data Analysis

A group (ADHD, Control) x level of interest (central, marginal)
repeated measures analysis of variance (ANOVA) was carried
out for change-detection times (i.e., time to first mouse click)
and eye-tracking metrics. The ANOVA for percentage of errors
included an additional factor for the type of error (omission
or commission; that is, missed items or incorrect detections).
Change-detection times and eye-tracking metrics in trials in
which participants did not detect the change were not included in
the analyses. Eye-tracking metrics included the TFF (the amount
of time that it took the respondent to first gaze at the changing
item), TFD on the changing item, mean scan path (average of
the distance between every two sequential points), total scan path
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TABLE 2 | Change-blindness task: results of repeated measures ANOVA, response times (s), duration (s), scan path (mm), and gaze dispersion by group.

Change blindness TD (N = 40) ADHD (N = 44) Level of interest Group effect Interaction effect
(M + SD) (M £ SD) df(1, 82) df(1, 82) df(1,89)
Level of interest Central Marginal Central Marginal F n? F 72 F n?
Time to first mouse click ~ 3.00 + 0.97 8.03 +£2.43 3.66 + 1.35 8.25 +2.73 363.9"* 0.82 0.02 - 0.73 -
Time to first fixation 1.07 £ 0.58 423 +1.91 1.18 £ 0.59 424 +2.12 236.4* 0.75 0.05 - 0.08 -
Total fixation duration 0.88 + 0.47 1.156 £ 0.66 1.01 £ 0.55 1.30 £ 0.71 3117 0.28 0.01 - 0.03 -
Scan path 7.23+3.77 6.91 £ 3.48 8.41 +5.51 7.45 + 3.32 6.21** 0.07 1 - 1.6 -
Total scan path 18.68 £ 11.37 58.93 £32.86 22.51 +£13.32 634 44.68 1227+ 0.6 0.57 - 0.001 -
Gaze dispersion 0.02 £ 0.01 0.08 4+ 0.02 0.08 4 0.02 0.04 £+ 0.02 40.4*** 0.32 5.72** 0.1 0.39 -

TD, group with typical development; ADHD, group with attention-deficit/hyperactivity disorder; Mean scan path, average distance between fixations; Total scan path, total distance
between successive fixations, Gaze dispersion, the smallest convex area enclosing all the fixation points.

*p < 0.07; **p < 0.007.

(total distance between successive fixations), and gaze dispersion.
Gaze dispersion was computed by identifying the smallest convex
area enclosing all the fixation points. A convex hull was computed
for each trial of every participant with Matlab®. The areas of the
convex hulls were then averaged over the trials of each participant
in each condition to provide a metric for dispersion. Data was
analyzed by using IBM SPSS Statistics for Windows, Version
23.0. When appropriate, post-hoc t-tests were performed using
the Bonferroni adjustment.

RESULTS

Percentage of Errors

There were no errors for the central level of interest in either
the ADHD or TD group; therefore, data analysis was applied
only for the marginal level of interest. There was a main effect
for type of error, F(j g5 = 7.03, p < 0.01, n* = 0.01 (ADHD:
omission M & SD = 0.004 £ 0.02, commission M £ SD = 0.002
£ 0.01; TD: omission M 4 SD = 0.0140.02, commission M =+
SD = 0.00 £ 0.005). However, the percentage of errors did not
differ between groups, F(; gy) = 0.83, p = 0.36, nor was there
an interaction effect between type of error (i.e., omissions/missed
items or commissions/incorrect detections) and group, F(; ;) =
2.6,p=0.11.

Change Detection Times

Table 2 presents the data for change-detection times (time to
first mouse click), TFE, TFD, scan paths, and fixation dispersion
for central- and marginal-level of interest among the adolescents
with ADHD and with TD.

Detection times (time to first mouse click) were longer for
marginal items compared with central items, F(; g5) = 363.9, p
< 0.001, n? = 0.82. There was no significant difference between
the ADHD and TD groups, F(; s = 0.02, p = 0.26, and no
interaction effect between groups and levels of interest, F(; g2y =
0.73, p = 0.84 (Figure 2).

Changed Items TFF

The results revealed a main effect for level of interest, F(;gy)
= 236.4, p < 0.001, n> = 0.75, showing that both groups were

slower to look at the marginal items, but no significant difference
between groups, F(j g = 0.05, p = 0.83, and no interaction
effects, F(j g2y = 0.08, p = 0.79, were found (Figure 3).

Changed Items TFD

The results revealed a main effect for level of interest, F( gy
= 311, p < 0.001, »n*> = 0.28, showing that both groups
looked longer at the marginal items, but no significant difference
between groups, F(j g = 0.01, p = 0.72, and no interaction
effects, F(; g2y = 0.03, p = 0.57 were found (Figure 4).

Scan Paths
Mean scan path (average distance between sequential points)
findings for the ADHD group (Central: M = 8.41, SD = 5.51;
Marginal: M = 7.45, SD = 3.32) and controls (Central: M = 7.23,
SD = 3.77; Marginal: M = 6.91, SD = 3.48) revealed a main effect
for levels of interest, F(; g = 6.21, p < 0.01, n* = 0.07, but no
interaction effect, F(; g5y = 1.6, p = 0.21, or between-group effect
F(1,82) = 1,p = 032

Total scan path (total distance between successive fixations)
findings for the ADHD group (Central: M = 22.51, SD = 13.32;
Marginal: M = 63, SD = 44.68) and controls (Central: M = 18.68,
SD = 11.37; Marginal; M = 58.93, SD = 32.86) revealed a main
effect for levels of interest, F(j g3y = 122, p < 0.001, n> = 0.6, but
no interaction effect, F(; g5y = 0.001, p = 0.97, or between-group
effect, F(1,82) = 057,p = 0.45.

Gaze Dispersion

Gaze dispersion (area of the convex hull of fixation points)
analysis revealed a main effect for levels of interest, F(; 45) = 40.4,
p <0.001, n* = 0.32, and a main effect for groups, F(; 42) = 5.72,
p <0.01, n* = 0.1, with no interaction effect for these two factors,
F,42) = 0.39, p = 0.54 (Figure 5).

DISCUSSION

The purpose of this study was to compare the visual attention
of adolescents with and without ADHD. We used a change-
blindness task on an age group that has not been studied
before, that is, adolescence. Contrary to our hypothesis and
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FIGURE 2 | Detection time means and standard errors for central- and marginal-interest changes by group. TD, group with typical development; ADHD, group with
attention-deficit/hyperactivity disorder. Detection time measured as time to first mouse click. A significant difference was found between levels of interest
(central/marginal) for the two groups (p < 0.001); however, no differences were found between groups.
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FIGURE 3 | First fixation means and standard errors for central- and marginal-interest changes by group. TD, group with typical development; ADHD, group with
attention-deficit/hyperactivity disorder. A significant difference was found between levels of interest (central/marginal) for the two groups (p < 0.001); however, no
differences were found between groups.
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FIGURE 4 | Total fixation duration means and standard errors for central- and marginal-interest changes by group. TD, group with typical development; ADHD, group
with attention-deficit/hyperactivity disorder. A significant difference was found between levels of interest (central/marginal) for the two groups (p < 0.001); however, no
differences were found between groups.
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FIGURE 5 | Gaze dispersion means and standard errors for central- and marginal-interest changes by group. TD, group with typical development; ADHD, group with
attention- deficit/hyperactivity disorder. A significant difference was found between groups (o < 0.01) and between levels of interest (central/marginal) for the two
groups (p < 0.001), however there was no interaction effect. The asterisk is to show significance.
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a previous study among children (25), the adolescent ADHD
group performed similar to the controls in the number of errors,
response times, and TFE as well as TFD on the changing item
and measures of scan paths. Moreover, similar to the controls,
the ADHD group demonstrated greater response times, greater
time to first fixation, longer fixation durations, and longer scan
paths when detecting marginal changes compared to central
changes. Nonetheless, the results showed a significant difference
between the ADHD group and controls in their gaze fixation
dispersion. The adolescents with ADHD demonstrated larger
spatial coverage than did their typically developing peers.

The lack of difference between the ADHD and TD groups
on performance metrics such as the detection rate and detection
times can be interpreted in light of the perceptual cognitive
load theory (34). According to theory, a major determinant
of the ability to focus attention while eluding distraction is
whether the task being performed involves a sufficiently high
“perceptual load.” Perceptual load has been operationally defined
as either the quantity of stimuli entailing perceptual processing
or the complexity of perceptual judgments (35). When the task
processing involves high load (e.g., requiring complex perceptual
judgments or searching among many items), perception of
distractors is reduced or even eliminated. Moreover, although
beyond the main scope of this paper, cognitive load has found
to influence oculomotor behavior (36, 37).

In the current study, the change-blindness task necessitated
complex perceptual judgement. For example, the marginal
condition required inhibition of distracting features that were
semantically relevant to the scene displayed, although they were
irrelevant to the required task of detecting change. The analysis
of results did not yield evidence that change-detection times
were longer in participants with ADHD compared to those with
typical development. The ADHD group did not show different
speed-accuracy tradeoffs that could be a sign of them being
tired or having difficulties concentrating. Hence, the “perceptual
cognitive load” required by the change-blindness task may have
helped those with ADHD to focus. This explanation is in line
with a study that tested the perceptual cognitive load theory in
individuals with ADHD (38) and whose results indicated that
conditions of increased perceptual cognitive load facilitated task
engagement in people with ADHD with reduced distraction. We
therefore suggest that, although it may seem counterintuitive,
performing a challenging task with a high cognitive load might
have in fact facilitated the performances of adolescents with
ADHD in the present study.

Time to first fixation and TFD on the changed items followed
the same trend as percentage of errors and detection times—that
is, there were no differences between participants with ADHD
and the TD controls. These results contrast with the results of
Tirkan et al. (27), who found shorter fixations in children with
ADHD and less accurate detection performances. This could
suggest that, as they reach adolescence, individuals with ADHD
may be able to perform as well as their typically developing peers
in change-blindness tasks.

Nonetheless, one can deliberate that in the wake of the current
knowledge of executive functioning difficulties, such as working
memory, in people with ADHD (39), the task should have

challenged them. As mentioned earlier, working memory plays
a central role in change-blindness tasks (21, 22). A study by
Yeh et al. (40) revealed that young adults with better working-
memory capacities gazed at the targets more frequently and for
longer times than did participants with lower working-memory
capacities. It was therefore reasonable to expect differences in
eye-tracking measures in the present study due to the weaker
working-memory performances reported with ADHD (23).

A feasible argument for the ability of the participants in
the current study to overcome working-memory difficulties is
compensatory attentional processes, such as stimulus-driven
attention, as opposed to goal-directed attention. Working-
memory deficits might not affect attentional control adversely
in individuals with ADHD when the task design or stimuli
provide extrinsic reinforcement of the task set and rules. For
instance, Burgess et al. (41) administered the Color-Word Stroop
task to participants with ADHD and found they had poorer
performances only for the congruent condition; that is, when
color-words were written in the same ink color as the word.
Those authors suggested that the inherent conflict between the
ink color and the word provided a subtle reminder of the task
sets and rules.

Burgess et al.’s (41) results suggest that intrinsic working-
memory difficulties affect attentional control less when task
stimuli support task-set maintenance. The flicker used to
implement the change-blindness paradigm in the present
experiment may have acted as a reminder of the task sets
by generating a regular stimulus-driven signal of the change
between the two versions of the displayed image. This aligns
with Corbetta and Shulman (1), who maintained that two
networks of brain areas are involved in controlling attention:
The first one relies on cognitive information to direct attention
to relevant objects in a visual scene; the second is associated
with attention control driven by stimulus properties rather than
cognitive processes (e.g., “bottom-up” control of attention, which
explains why people are drawn to “oddball” stimuli that are
very different from the background). As such, the flicker-based
change-blindness paradigm used in the current study differs
from more conventional visual-search tasks in that it provides
a stimulus-driven reminder of the task sets throughout the
duration of the task.

Differences were nevertheless found when analyzing gaze
dispersion. Those differences did not appear in mean and
total scan paths measures, probably because such metrics were
too coarse. They did appear, however, when considering the
convex hulls of fixation points. It appears that the participants
with ADHD tended to survey a larger portion of the image.
The increase in gaze fixation area may reflect a greater
proclivity to attend to a new stimulus, even when asked to
goal orient on detecting a change, and a relatively attenuated
propensity to continue processing the current stimulus, creating
fixation scatter.

It is further possible that “fixation scatter” may reflect an
imbalance between the bottom-up stimulus-driven and the
top-down attentional-control mechanisms that govern visual
attention (1). These results showing greater gaze dispersion are
consistent with the findings of Jayawardena et al. (42), who
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revealed that adults with ADHD do not visually scan stimulus
items using a path similar to adults without ADHD. Krejtz
et al. (43) also indicated that although adults with ADHD
had fixations to salient visual cues similar to adults without
ADHD, they demonstrated less structured and more chaotic scan
patterns. Mohammadhasani et al. (30) found that, compared to
children with typical development, children with ADHD did not
follow a typical scan path; instead, their visual scanning was
discontinuous, uncoordinated, and chaotic. In Munoz et al’s
(44) study investigating the control of visual fixation in a
task requiring prolonged fixation, ADHD participants generated
more intrusive saccades during periods when they were
required to maintain steady fixation. The authors proposed that
ADHD participants have reduced ability to suppress unwanted
saccades and control their fixation behavior voluntarily, which
is consistent with the fronto-striatal pathophysiology linked to
difficulty in inhibition.

This is the first study to our knowledge that used change
blindness to assess visual attention in adolescents with ADHD.
Two previous studies (25, 27) showed that children without
attention deficits perform better in change-detection tasks than
do those with ADHD, whereas Cohen and Shapiro (26) showed
there were no differences in adults. The present study with
adolescents showed no differences on performance metrics
(percentage of errors and detection times), TFF, and TFD on the
changing items but did reveal an increased dispersion of gaze.
Of particular relevance is the fact that the stimuli were presented
in a flicker paradigm, which perhaps biased the participants
(i.e., attracted and maintained attention). However, previous
ADHD studies on change blindness relied on the same paradigm.
Future studies can address this limitation by implementing
change-blindness experiments without a flicker as, for instance,
those based on continuity errors in film cuts (45). Additional
limitations were that the participants were not formally tested for
IQ; thus, the ADHD and control group were not matched on IQ
scores. However, participants’ academic levels were queried, and
the groups were matched to them.

An additional issue for further investigation is that of
ecological validity; that is, the extent to which the stimuli
and protocol approximate the real-life situation of adolescents
with ADHD. This study may shed light on the visual-
attention patterns adolescents with ADHD exhibit when required
to attend to images portraying various real-life contexts.
However, we strongly recommend investigating whether the
conclusions hold when associated with everyday tasks that
require “functional attention.”
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