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Abstract  Prolonged exposure to stress can cause
impairments in various brain functions including cognition.
Attention is one such important cognitive function that is
required for our daily life and work-related activities.
Chronic stress can have an impact on attention networks such
as alerting, executive control, and orienting. The effects of
naturalistic, persistent psychosocial stress on several
attention networks were explored in this study. Parents of
children with neurodevelopmental disorders (NDD) and
parents of children with typical development (TD) were
given an attention network test (ANT). Overall the stressed
group (M= 564.623, SD= 75.484) was found to have a
quicker reaction time in all the target and cue conditions
whencompared to the non-stressed group (M= 588.874, SD=
101.575). Both groups had similar accuracy in all the
conditions. When comparing the three attention network
scores, no significantdifference was found in either group.
However, in the stressed group, there was a significant
beneficial relationship between the alerting and orienting
networks (p=.006) and a high negative correlation between
the alerting and executive control networks (p=.028). No

significant correlation was found between the attention
networks in the non-stressed group.

Keywords Chronic  Stress, Attention  Network,
Neurodevelopmental Disorders, Typical Development

1. Introduction

Stress has been studied for many decades considering its
application in various fields of science. These studies have
helped us to better understand how psychological processes
affect our bodily functions and health [1]. In simple terms,
anything that disturbs the normal functioning of an organism
can be called stress and the event or the agent that causes
stress is known as a stressor [2]. As described by Sapolsky
[3], “A stressor is anything in the outside world that knocks
you out of homeostatic balance, and the stress response is
what your body does to re-establish homeostasis”. According
to the transactional model of stress, this response involves a
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cognitive  appraisal which consists of ‘perceived
threat/demand’ (primary appraisal), Lazarus [4] ‘perceived
ability and available resources tocope’, and the ‘perceived
importance of being able to cope’ (both together as
secondary appraisal) [5, 6].

1.1. Stress and Attention

At any moment in time, our brain can only process limited
information and it has to choose what stimuli to attend to
process it [7]. This “narrowing or focusing awareness
selectively to a part of the sensory environment or a class of
stimuli” Kolb [8] is defined as attention. It involves a
complex interplay of various brain structures. According to
attention network theory, three distinct systems are involved
in attention processing, each representing a different
component of attention, such as executive control (anterior
system), alerting  (subcortical ~ system), and orienting
(posterior system) [9, 10]. The alerting system is automatic
and does not have any cognitive control. It is a primitive
attention network involved in the general level of arousal and
alerting. The system involves projections from the locus
coeruleus which is situated in the brainstem to the forebrain
areas like the prefrontal and posterior parietal cortex [8]. The
orienting system is involved in prioritizing sensory
information by selecting a location or modality. It includes
dorsal systems including the frontal eye field (FEF),
interparietal sulcus (IPS), and temporal-parietal junction
(TPJ) [8]. The executive control network is in charge of
starting, pausing, and monitoring tasks, as well as resolving
conflicts and switching tasks. There are two networks
associated with it namely the frontal-parietal network and the
cingulo-opercular network.

Prolonged exposure to stress affects attention and
cognition both acutely and chronically. In his review,
Yaribeygi [11] described that “the acute effects are mainly
caused by the beta-adrenergic effects, while the chronic
effects are induced in a long-term manner by changes in gene
expression mediated by steroids”. Various literature shows
that mild and acute stress facilitates attention [11, 12-14].
Attention appears more focused on central tasks and neglects
any periphery information while exposed to acute stress. The
works of Kohn [15] also support this property of attention
known as tunneling. Callaway [16] illustrated this tunneling
of attention in emotions like anxiety. However, if the
periphery information is important for the ongoing task,
tunneling often lowers the task performance [14].

Sapolsky [17] found that glucocorticoids have a biphasic
effect on the brain. Further investigation of the variation in
basal and stress hormone levels is due to the two types of
glucocorticoid receptors, mineralocorticoid receptors (Type
I) and glucocorticoid receptors (Type I1), which have varying
concentrations in different areas of the brain. In their study
on lab rats, it was observed that the type Il receptors are
responsible for neuronal loss in areas like the hippocampus
and amygdala. Furthermore, catecholamines are also found
to affect these brain regions when exposed chronically [18].

The amygdala and other limbic regions have strong
projections to cortical and subcortical regions that are
associated with attention processing. As the amygdala is
more acutely sensitive to stressors, repeated activation could
cause deficits in attention processing oversome time and also
affect regions like PFC. As illustrated by Andreotti [14], “due
to chronic stress-related deficits in cognitive control,
attention may be too easily engaged or become resistant to
disengage resulting in an attentional bias to environmental
threats”. Individuals with post-traumatic stress disorder
(PTSD) were directing their attention toward negative
stimuli and showed impairments in attention allocation [19].
The work of McCoy [20] supports these findings. They
claimed that frequent activation of the HPA axis causes 'wear
and tear," which suppresses PFC activity and facilitates an
automatic emotion-based response of the limbic system in
the attention process. The research by Ohman [21] suggests
that fear-relevant stimuli are detected more automatically
and in parallel. Thus as pointed out by Andreotti [14] “the
presence of an acute stressor may trigger biases in attention
which in turn contribute to the release of stress hormones that
may then further affect attentional processing”. According to
this research, it may result in an inability to control limbic
activation and GR desensitization [14]. However, these
findings were criticized as further studies found that the
subjects actively disengaged attention from negative stimuli
[14, 22].

Evidence for stress-induced deficits in selective attention
and attention switching is also found in various literature.
Wolkowitz [23] in their study found that chronic stress
impairs an individual’s ability to differentiate irrelevant
stimuli, indicating deficits in selective attention. Andreotti [14]
suggested in her paper that prolonged exposure to stress
could influence “the automatic elements of selective
attention”. There is growing evidence of attention deficit and
other cognitive impairments related to hypercortisolism
syndromes like Cushing’s syndrome and patients with long-
term therapeutic GC treatment [24, 47]. In the works of Qi
[25] upregulation of the salience network is found to inhibit
executive control network functions. Executive control is
important for conflict management and is primarily mediated
by PFC.

1.2. Stress of Parents of Children with NDD

Various life events can be severe sources of chronic stress
in individuals leading to burnout [26]. One such source of
chronic stress could be caring for family members with
conditions such as NDD [27]. Various studies have found that
these are significant sources of chronic stress and have
negative effects on their health and cognitive functions [28-
48].

Parents ofchildren with ASD experience severe chronic
stress in life when compared to normal families [29].
According to the researchers, the majority of the stress is
caused by ASD deficits and impairments such as social
communication, restrictive/repetitive conduct, and so on.
Also, other social factors were identified as stressors for the
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parents. The duration of the care and the daily time spent with
the individuals have a positive correlation to the intensity of
the stress experienced [28]. Also, the severity of the disorder
and symptoms are associated with stress levels. Other studies
have identified that some parents also undergo spousal
problems and marital dissatisfaction worsening their
experiences [33, 34]. The parents of children with NDD
experience low social support from others which increases
the degree of negative outcomes [33]. Parents with an
external locus of control have higher levels of depression and
isolation, showing a difference in the impacts of stress.
Cognitive and health issues and an acceleration of aging
are associated with chronic stress [28-35]. As they are
exposed constantly to various stressors in their life like a
child’s characteristics, lack of social and family support,
financial burden, and other sociodemographic factors, they
undergo repeated activation of various stress responses. Such
chronic stress conditions result in prolonged exposure to GC
leading to the downregulation of GR which might cause
dysfunctions of the brain networks important for memory,
cognitive functions, etc. when compared to the normal
population. Such deficits could lead to poor performance at
work and in other important aspects of their life. Studying
such real-world chronic stressors gives a better
understanding of how they affect human performances in
various personal and work settings due to deficits in various
cognitive functions, memory, learning, etc. [47, 48].

2. Materials and Methods

2.1. Participants

The present study included 65 participants both mothers of
children with NDD and mothers of children with typical
development (TD). Mothers of children with NDD were
recruited from the outpatients (OP) at the Institute of Mental
Health and Neurosciences (IMHANS) hospital who were
willing to participate in the study. The non-stressed group
included mothers of children with TD, recruited from the OP
of the pediatrics department at the Kozhikode District Co-
Operative Hospital (KDCH), who matched the age and
socio-economic status of the stressed group.

2.2. Inclusion and Exclusion Criteria of the Stressed
Group

Mothers aged between 25 and 45 with children below 15
years of age who were diagnosedwith NDD and scored high
on the stress scales were included in the study. Parents who
are not active caregivers were not considered. All
participants must have (1) no long-term therapeutic
glucocorticoid treatments; (2) no history of neuropsychiatric
disorders; (3) no hypercortisolism syndromes like Cushing’s
syndrome; (4) no history of neurological disorders (5) no use
of medication known to affect cognition.

2.3. Inclusion and Exclusion Criteria of the Non-stressed
Group

Mothers of TD children who matched the characteristics
(age group and socioeconomic status) of the stressed group
were included in the study. Parents who are not active
caregivers were not considered. All participants must have (1)
no history of neurological disorders; (2) no history of
neuropsychiatric  disorders; (3) no hypercortisolism
syndromes like Cushing’s syndrome; (4) no long-term
therapeutic glucocorticoid treatments; (5) no use of
medication known to affect cognition.

2.4. Tools and Measures

2.4.1. Perceived Stress Scale (PSS-10)

This scale developed by Cohen [36] is widely used to
measure perceived stress. PSS-10 is a 10-item self-reported
scale that asks the thoughts and feelings of respondents last
month and a 5-point Likert scale is used for the rating [37].
This scale originally had 14-item, and it was further
shortened to a 10-item version. Various studies recommend
PSS-10 as an effective tool to measure perceived stress [38,
37]. The scores are calculated by inverting the scores of the
four positively mentioned items (items 4, 5, 7, and 8) and
adding the totals. The maximum score obtained can be 40,
with scores >27 considered as high perceived stress. PSS-10
can be completed in less than 10 minutes.

2.4.2. Parental Stress Scale (PSS)

Berry [39] developed PSS to assess feelings about their
parental roles. It is an 18-item questionnaire representing
positive factors and negative factors in parenting experiences
that can be completed in 10 minutes. The PSS is a 5-point
Likert scale with self-reporting that assists parents in
responding to their feelings and connections with their
children. This scale was calculated by reversing the scores of
items 1, 2, 5, 6, 7, 8, and 17 and adding the results. The
possible scores range from 18 (low stress) to 90 (severe
stress).

2.4.3. Attention Network Test (ANT)

Fan [40] developed this scale to measure three distinctive
types of attention control networks namely executive control,
orienting, and alerting. This original test was converted into
a computerized one [9]. It is now one of the most popular
neuropsychological tests used to evaluate attention control
[41]. Various studies have found ANT efficient and reliable
in independently measuring the three specialized networks of
the attention process [40-44]. The ANT test contains three
types of target conditions namely normal, congruent, and
incongruent as in Figure 1. In normal conditions, either an
arrow would point to the left or right appears on the screen.

In some circumstances, the central arrow is flanked by two
arrows on either side pointing in the same (congruent) or
opposite (incongruent) direction. These targets are presented
after one of the four cue conditions at random which helps in
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calculating the effectiveness of the various attention
networks. The cues are no cue, central cue, double cue, and
spatial cue as represented in Figure 2. In some cases, the
target appears directly without any cues (no cue) and in
others, a brief cue stimulus before the target indicates the
upcoming location of the arrow. The orienting signals appear
above or below (spatial cue) the fixation point, indicating the
exact location of the next object, whereas the non-orienting
cue appears on the fixation point (center cue) or both above
and below it at the same time (double cue). Both the cues
indicate to the participant that the target is going to appear
but only orienting cues provide the exact location of the
target. The test is displayed on a white background with all
the elements appearing in black color. The sequence of the

ANT events is shown in Figure 3.

First, a fixation point appears in the middle of the screen
for 400 ms - 1600 ms, where the participants will be asked to
focus. A cue is then presented for 100 ms and then again a
fixation point which is for 400 ms. Finally, the target appears
where the participants are supposed to identify the direction
of the center arrow by pressing the keys “E” for left and “I”
for right as quickly and accurately as possible. If the
participant does not respond the arrow will disappear in 1700
ms. The test consists of one practice block with 20 trials and
six test blocks with 572 trials which together will take
approximately 30 minutes to complete [45]. The reaction
time and accuracy are recorded for each case, and each
network's efficiency is assessed independently.

Normal Congruent Incongruent
e o i el e G el s
«— T — D — >
Figure 1. ANT Target Conditions
No Cue Central Cue Double Cue Spatial Cue
% *
+ * + 3 il
* *
Figure 2. ANT Cue Conditions
{
Screen displays
Fixation +
(400 - 1600 ms)
1
+ - - +
No Cue Central Cue Double Cue  Spatial Cue
Cue *
] + * + 25
(100 ms) * *
Fixati
1xation +
(400 ms)
Congruent Incongruent
Target
(<1700 ms) ok o

Figure 3. Sequence of Events in ANT
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2.5. Procedure

This study was conducted without the use of any
stimulants (such as smoking or drinking coffee). The
researcher was briefed about the research and received
informed consent. The ethical committee (Institutional
Research Board) of CHRIST (Deemed to be University)
approved the research work. All the participants were
individually screened by a psychiatrist for any existing
mental conditions or disabilities. After the screening, the
participants were given a perceived stress scale and a
parental stress scale using the pen and paper method. After
the completion of the tests, the scores of both tests were
calculated by the researcher. Parents of children with NDD
who received high scores on PSS-10 and PSS were
recruited to the stressed group. Similarly, parents of
children with TD who scored less on PSS-10 and PSS were
recruited to the non-stressed group. The participants were
then asked to perform ANT under the supervision of a
researcher on a computer running a Windows operating
system using the software Millisecond Inquisit version 6.

3. Results of Self-Reports and
Demographic Information

All the subjects who participated in the study were
mothers as we considered only the primary caregivers of
the children for both the groups. Basic demographic
information of the final sample and the results obtained
from the self-report stress questionnaires, PSS, and PSS-10
are shown in Table 1. There was a distinguishable
difference in stress levels in both the questionnaires among
parents of children with NDD (stressed group) and parents

of children with TD (non-stressed group). The stressed
group reported more stress in taking care of the children
which is also affecting their overall life. The stressed group
(M=22.2, SD=6.1) scored higher in stress on PSS-10 when
compared to the non-stressed group (M= 11.1, SD=3.9). A
huge difference in stress levels can also be seen in the
parental stress scale, where the stressed group (M= 44.1,
SD= 9.6) scored higher than the non-stressed group (M=
20.1, SD= 2.1). Further analysis of the demographic data,
such as the child’s condition, years of exposure to stress,
partner’s caregiving level, participant’s education level,
and socio-economic status was not at this stage of the
evaluation, though such information was collected from the
participants.

3.1. Accuracy and Reaction Time

Based on the descriptive analysis results the accuracy
and reaction time of both the stressed and non-stressed
groups are given in Table 2. The stressed group had a
shorter reaction time (M= 564.623, SD= 75.484) when
compared to the non-stressed group (M= 588.874, SD=
101.575). However, the stressed group (M= 0.989, SD=
0.008) and the non-stressed group (M= 0.984, SD= 0.014)
had similar overall accuracy. Table 3 presented the two
groups (Stressed and non-stressed) accuracy and reaction
time with two conditions (congruent and incongruent) for
four cue conditions (no cue, centre cue, double cue, and
spatial). The stressed group had a quicker reaction time in
all the cue conditions for both the target conditions when
compared to the non-stressed group. The comparison
between the stressed group and the non-stressed group for
the different target and cue conditions is represented in
Figure 4 and Figure 5.

Table 1. Results of self-reports and Demographic Information

Participants (n = 65)

Stressed group

Non-stressed group

Measures (n = 35; Mean=SD) (n =30; Mean =SD)
Age range, years 25-44 26-45
PSS-10 22.2 (6.1) 11.1(3.9)
Parental Stress Scale 44.1 (9.6) 20.1(2.1)
Age, years 33.9 (5.4) 32.4 (6.3)
Table 2. Descriptive Analysis of the Mean RT and Accuracy
Subject N Mean SD
Reaction Time Stressed 35 564.623 75.484
Non-stressed 30 588.874 101.575
Accuracy Stressed 35 0.989 0.008
Non-stressed 30 0.984 0.014
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Table 3. Accuracy and Reaction Time Stressed and Non-stressed Parents in Cues and Conditions

Target No Cue Centre Cue Double Cue Spatial Cue

Reaction Time (Mean +SD)

Stressed Congruent 599 (81.7) 539 (72.3) 532 (81.8) 523 (71.4)
Incongruent 657 (84.6) 624 (93.5) 624 (87.3) 597 (83.2)
Non-stressed Congruent 619 (116.3) 565 (113.1) 552 (102.3) 546 (103.1)
Incongruent 698 (122.4) 647 (112.9) 647 (104.4) 612 (107.4)

Accuracy (Mean £SD)

Stressed Congruent 0.996 (.015) 0.999 (.007) 0.995 (.013) 0.996 (.011)
Incongruent 0.986 (.022) 0.984 (.027) 0.982 (.023) 0.981 (.032)
Non-stressed Congruent 0.990 (.021) 0.983 (.030) 0.996 (.017) 0.996 (.017)
Incongruent 0.980 (.030) 0.969 (.043) 0.975 (.037) 0.985 (.023)
B Stressed Non-stressed
800
600
=
o
=]
;5 400
200
0
No Cue Center Cue Double Cue Spatial Cue

Figure 4. Mean Reaction Time of Congruent Trials for Stressed and Non-stressed Parents in Each Cue Condition

M Stressed Non-stressed

800

600
=
o

2 00

200

0

No Cue Center Cue Double Cue Spatial Cue

Figure 5. Mean Reaction Time of Incongruent Trials for Stressed and Non-stressed Parents in Each Cue Condition
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3.2. Attention Networks

In Table 4 descriptive statistics are presented with
normality, mean, and standard deviation for the efficiency
of the attention networks for the stressed and non-stressed
groups. The stressed group scored lower scores for all three
networks when compared to the non-stressed group.
Further analysis of the data was done for each attention
network of the stressed and non-stressed groups using the
box plots. In Figure 6, the alerting network for the stressed
group had an Mdn of 48.3 (IQR= 42.7) and for the non-
stressed group, the Mdn was 57.1 (IQR= 44). In Figure 7,
the orienting network for the stressed group had a Mdn of
20.7 (IQR= 37.2) and for the non-stressed group, the Mdn
was 25.7 (IQR= 37.5). For the executive control network,
as represented in Figure 8, the median was almost the same

with the stressed group having an Mdn of 76.5 (IQR=41.2)
and the non-stressed group having an Mdn of 78.7 (IQR=
49.7).

Based on the Shapiro-Wilk tests, the data was normally
distributed for the alerting network for the stressed group
(W= .968, p > .39) and the non-stressed group (W= .982,
p > .874). Similarly, the data for the orienting network for
the stressed group (W=.932, p >.033) and the non-stressed
group (W= .958, p > .279) are normally distributed. The
data for the executive control network for the stressed
group (W= .97, p > .446) and the non-stressed group
(W= .967, p > .472) are also normally distributed. The Q-
Qplots for each alerting network are also represented in
Figure 9 (alerting network), Figure 10 (orienting network),
and Figure 11 (executive control network).

Table 4. Descriptive Analysis of the Attention Networks

Shapiro-Wilk Test

Attention .
Networks Subject N Mean SD W P
AN Stressed 35 49.8 31.0 0.968 0.390
Non-stressed 30 58.4 35.5 0.982 0.874
ON Stressed 35 21.4 33.7 0.932 0.033
Non-stressed 30 27.0 26.4 0.958 0.279
EC Stressed 35 77.2 329 0.970 0.446
Non-stressed 30 80.3 29.5 0.967 0.472
100 i
50
0
Stressed Non-stressed

Figure 6. Box Plots for Alerting Network for the Stressed and the Non-stressed groups
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Figure 7. Box Plots for Orienting Network for the Stressed and the Non-stressed groups

Stressed Non-stressed

Figure 8. Box Plots for Executive Control Network for the Stressed and the Non-stressed groups
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Figure 9. Q-Q Plots for Alerting Network for Stressed and Non-stressed Groups
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Figure 10. Q-Q Plots for Orienting Network for the Stressed and the Non-stressed groups
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Figure 11. Q-Q Plots for Executive Control Network for the Stressed and the Non-stressed groups
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An independent-sample t-test was performed to find the
significant difference between stressed and non-stressed
groups based on the attention network, executive control
network, and orienting network. The results of the test are
represented in Table 5. No significant difference was found
between stress group (M= 49.8, SD= 31.0) and non-
stressed group (M= 58.4, SD= 35.5) for thealerting network;
t(63)= -1.055, p=.295. Similarly, there was no significant
difference found between the stress group (M= 21.4, SD=
33.7) and non-stressed group (M= 27.0, SD= 26.4) forthe
orienting network; t(63)= -.739, p= .463. No significant
difference was also found between the stressed group (M=
77.2, SD= 32.9) and non-stressed group (M= 80.3, SD=
29.5) for the executive control network; t(63)= -.386,
p=.701. These results suggest that there is no significant
effect of stress on the efficiency of the various attention
networks of the parents of children with NDD when
compared to the parents of children with TD.

Further, a Pearson’s correlation coefficient was
calculated to find the relationship between the alerting,
executive control, and orienting attention networks for each
group. Theresults of the correlation matrix for the stress

group are represented in Table 6 and for the non-stressed
group in Table 7.

A strong positive correlation was found for the stressed
group between the alerting network and the orienting
network, r= .45, N= 35; and the relationship was found to
be significant (p=.006). However, the alerting network and
orienting network were not found to be significantly
correlated for the non-stressed group; r= .19, p= .299.
Similarly, a strong negative correlation was found between
the alerting network and the executive control network for
the stressed group, r=-.37, N=35; and the relationship was
found to be significant (p=.028). No such correlation was
found for the non-stressed group, r= .03, p= .875. A
negative correlation was found between the orienting
network and the executive control network for the stressed
group, r= -2, N= 35; but the relationship was not
significant (p= .245). For the non-stressed group, this
relationship was positively correlated, r= .19, N= 30;
however, the relationship was not significant (p= .313).
These results suggest that the alerting network has
associations with the orienting network and executive
control network in the stressed group.

TableS. Independent Samples T-Test of the Attention Networks
Statistic Df P Effect Size
AN Student’st -1.055 63.0 0.295 Cohen’s d -0.2625
ON Student’st -0.739 63.0 0.463 Cohen’s d -0.1839
EC Student’st -0.386 63.0 0.701 Cohen’s d -0.0960
Table 6. Correlation Matrix of the Attention Networks for the Stressed Group
AN ON EC
AN Pearson’s r
p-value
ON Pearson’s r 0.458**
p-value 0.006
EC Pearson’s r -0.371* -0.202
p-value 0.028 0.245

Note. * p <.05, ** p <.01, *** p < .001

Table7. Correlation Matrix of the Attention Networks for Non-stressed Group

AN ON EC
AN Pearson’s r
p-value
ON Pearson’s r 0.196
p-value 0.299
EC Pearson’s r 0.030 0.191
p-value 0.875 0.313

Note. * p < .05, ** p < .01, *** p <.001
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4. Discussion

This study is a relatively early effort to investigate the
chronic psychological stress on executive control, alerting,
and orienting attention networks. An Attention Network
Test was used to determine the efficiency of the attention
networks in the parents of children with NDD (stressed
group) and parents of children with TD (non-stressed
group). We considered only the primary caregivers of the
children for both groups and hence all the subjects who
participated in the study were mothers. PSS-10 and
Parental Stress Scales were used to determine the stress
levels of the parents. Higher stress was found in the parents
of children with NDD on both the stress scales when
compared to the non-stressed group. This study pointed out
that a higher level of stress in these parents is due to the
increased demands of caregiving for children with NDD.
This results in burnout due to the severe source of chronic
stress [27].

As can be seen from the behavioral results, the stressed
group has a slightly faster reaction time to the target stimuli
for all the cue conditions compared to the non-stressed
group. This was contrary to the findings of Liu [45], in his
study, he conducted ANT on healthy undergraduate
students undergoing a postgraduate entrance examination
and found that the stressed group had a slower reaction time
and accuracy compared to the controlled group. It is also to
be noted that both the groups in the present study had
comparable accuracy. The faster reaction time of the
mothers of children with NDD in the stressed group did not
affect their accuracy. The faster reaction time observed in
the mothers of the stressed group could be an outcome of
their constant need for increased vigilance and alertness
required to take care of a child with NDD. How naturalistic
and prolonged psychological stressors like caregiving for
children with NDD are affecting the brain networks for
cognitive functions like attention is notvery well explored
yet.

In this study, a statistically significant difference could
not be found between the stressed and non-stressed groups
in any of the attention networks. Both the groups had
almost comparable scores for the three attention networks.
This suggests that there is no significant effect of stress on
the efficiency of the various attention networks of the
parents of children with NDD when compared to the
parents of children with TD. Also, when comparing the
strategies of attending to the stimuli, there wasn’t any
difference identified between the groups. Both the groups
benefited from a double cue condition when compared to
the no cue condition. This indicates that when an alert
stimulus was given, the participants were able to perform
better at the task. No significant difference was found in the
efficiency of the alerting network. When an orienting
stimulus was given to the stressed group and the non-
stressed group, it was found that both groups were
performing better when compared to the centre cue. The
efficiency of the orienting attention network is also similar

for both groups. When comparing the congruent and
incongruent trials, both groups had a quicker reaction time
for the congruent trials in all the cue conditions. This means
that both groups had similar conflict resolution and
executive control. The data for the stressed and non-
stressed groups had larger SD, which may be because of
the wider age group selected for the study. The severity of
the child’s condition, the duration of the care, and the daily
time spent with the child have a positive correlation to the
intensity of the stress experienced [28]. In the present study,
the stressed group participants were parents of children
suffering from conditions of different levels of severity.
Parents of children with ASD (n= 11), ADHD (n= 8),
specific learning disabilities (n= 6), and specific language
impairment (n= 10) with a duration of the condition
ranging from 1-5 years were in the stressed group. This
variation in the level of stress experienced and the length
of the stressor could have altered the findings of this
investigation. The data will be further analyzed later with
the above characteristics in mind.

The major findings of this study are the association
between the alerting and orienting networks and the
alerting and executive control networks in the stressed
group. A strong positive correlation was found between the
alerting network and the orienting network (p=.006) in the
stressed group. Also, the alerting network and executive
control network were found to be negatively correlated in
the stressed group (p= .028). These two associations
between the networks were not observed in the non-
stressed group. This finding is consistent with the previous
work of [46]. The alerting system is automatic and does not
have any cognitive control. It is a primitive attention
network involved in the general level of arousal and
alerting. The system involves projections from the locus
coeruleus which is situated in the brainstem to the forebrain
areas like the prefrontal and posterior parietal cortex [8].
Whereas the orienting system is involved in prioritizing
sensory information by selecting a location or modality. It
includes dorsal systems including the frontal eye field
(FEF), interparietal sulcus (IPS), and temporal-parietal
junction (TPJ) [8]. The executive control network is
responsible for the starting, stopping, and monitoring of a
task, resolving conflicts, and task switching. Frontal-
parietal network and the cingulo-opercular network are two
networks associated with the executive control network of
attention. Repeated activation of the HPA axis has its
effects on the primitive attention network involved in
arousal and alerting. This activation of the alertness helps
the orienting network to quickly orient to the salient
stimulus [46]. This could be the explanation for the positive
correlation observed between the alerting network and the
orienting network in the stressed group. Furthermore,the
prolonged activation of the HPA axis has been shown to
cause ‘wear and tear’ which inhibitsthe activities of PFC
and mediates an automatic emotion-based response of the
limbic system in the attention process [20]. Thus, the
activation of the alerting network could prevent the
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functioning of the executive control network in the
attention process, resulting in a more bottom-up approach
[46]. This explains the negative correlation found between
the alerting network and the executive control network in
the stressed group. No association was found between the
orienting network and executive control networks however
in the stressed group.

5. Conclusions

The existing research reveals the effects of acute and
short-term stressors on various cognitive functions
including attention. However, how naturalistic, chronic
psychological stressors affect attention is not discussed
much. In this study, the parental stress of caregiving for
children with NDD is considered to explore its effects on
the attention networks of the brain. ANT test was
performed on parents of children with NDD and parents of
children with TD and the scores for the executive control
network, alerting network, and orienting network were
compared. Contrary to the literature, it was found that the
stressed group had a quicker reaction time when compared
to the non-stressed group, while the accuracy remained the
same for both groups. As the subjects of the study were the
primary caregivers of the children with NDD, this quicker
reaction time may be due to the outcome of their constant
need for increased vigilance and alertness required to take
care of a child with NDD. However, while comparing the
attention networks no significant differences were found
between both groups. Both groups were able to utilize the
alerting and orienting cues effectively and perform better
than without helping cues. Also, the conflict resolution in
performing the congruent and incongruent trials was
similar for both groups. In summary, no differences were
found between the stressed group and the non-stressed
group in the alerting, orienting, and executive control
networks of attention. According to the theory, the three
attention networks are distinctive and do not affect each
other [40,10]. While this is true for the non-stressed group,
the present study has found a significant correlation
between the attention networks in the stressed group. The
alerting and orienting network had a strong positive
correlation and the alerting and executive control network
had a strong negative correlation in the stressed group.
Alerting being associated with the primitive brain regions
responsible for arousal, repeated activation of these
networks could have a significant impact on attention
control and strategies of attention in the stressed group.

In summary, the activation of the alerting network helps
the orienting network to quickly orient to the salient
stimulus but inhibits the top-down control of the executive
function in participating inthe attention process. Future
research should focus on incorporating neuroimaging
techniques to explore how these networks modulate
another in chronically stressed people. This will also help

to understand the long-term effects of prolonged exposure
to stress and the dysfunctions associated with neural
networks of attention.
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