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Abstract: Whilst cognitive bias modification was initially used in the treatment of anxiety disorders,
it is also currently being used for the treatment of other psychopathologies. In fact, cognitive bias
modification has been especially well-investigated amongst children and adolescents. A recent
review suggests some evidence for the modification of interpretative biases amongst children with
neurodevelopment disorders. There have since been other studies reporting of the existence of other
cognitive biases, such as emotional biases, amongst individuals with attention deficit hyperactivity
disorder (ADHD). This perspective article will discuss the epidemiology of ADHD and the nature
of emotional biases that are present amongst individuals with ADHD. This perspective article also
reviewed some of the studies that have assessed and modified emotional biases in individuals with
ADHD. A total of three studies have been identified from the published literature that provide
evidence for targeting emotional biases amongst individuals with ADHD. These studies provide us
with preliminary evidence for the effectiveness of modifying emotional biases and how it could help
in ameliorating symptoms related to emotional dysregulation. There needs to be future research in
this area with further evidence supporting the effectiveness of modifying emotional biases. It is also
crucial for future research to determine which of these tools is best at detecting such biases, and which
of these tools are versatile enough and non-invasive that they could safely be implemented for both
research and clinical needs.
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1. Introduction

Psychological therapies such as cognitive behavioral therapy (CBT) have been the mainstay
approach used in the treatment of children and adolescents with psychiatric disorders [1]. To date,
CBT is extremely well studied and researched, and it has been included in numerous treatment
guidelines globally. In CBT, the therapist typically works with patients to help them to identify and
modify cognitions that drive their behavior and the way they feel. Maladaptive cognitions are typically
present in individuals with depressive and anxiety-related disorders. The presence of these cognitions
results in them favoring stimuli that are disorder-related over neutral stimuli [2]. In the last decade,
there have been further advances in experimental psychology thus leading to the discovery of cognitive
bias and cognitive bias modification (CBM) [3]. Cognitive bias refers to attentional and approach biases
as well as interpretative biases. Attentional bias refers to the preferential tendency of individuals to
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allocate their attention towards cues, or threatening stimuli, thus ignoring neutral stimuli [4]. Approach
bias refers to the automated tendencies of individuals to reach out for stimuli which are of interest [5].
For interpretative biases, they are most common amongst individuals with anxiety disorder and
the presence of these biases result in individuals making threatening interpretations of the stimuli
presented [6].

Whilst CBM was initially being used in the treatment of anxiety disorders, it is currently also
being used for the treatment of other psychopathologies such as depressive disorder [7], substance use
disorder [8], obsessive-compulsive disorder [9], and even eating disorders [10]. In fact, cognitive bias
modification has been especially well investigated amongst children and adolescents. Krebs et al. [11]
examined in their review how modification of negative interpretative biases could negate anxiety
symptoms among children and adolescents. They identified a total of 26 studies, with each study
including individuals up to the age of 18 years old. They reported that CBM had moderate effects in
reducing negative and positive interpretative biases (Hedges’ g was 0.70 and 0.52, respectively) [11].
They also reported that bias modification resulted in a small yet significant reduction of anxiety with
an effect size of 0.17 (Hedges’ g) [11]. In another study, Cox et al. [12] explored the utility of CBM in
children (38 children) for reducing fears and concerns pertaining to the transition to secondary school
education and reported positive effects. It remains clear that cognitive bias modification has clinical
utility and is helpful in ameliorating symptoms. It is also evident from these published works that the
target for CBM interventions has mainly been interpretative biases. Utilizing a psychological approach
makes sense given that pharmacological interventions are typically not considered first for children
and adolescents given the side effects of medications.

Most of these prior studies have been conducted amongst typical development individuals with
psychopathologies such as anxiety disorder. A recent review by Schmidt et al. [13] sought to determine
if cognitive bias modification has been utilized for individuals with neurodevelopmental disorders,
such as intellectual impairment, reading and learning difficulties, autism spectrum disorder (ASD) and
attention deficit hyperactivity disorder (ADHD). In their review, a total of 29 studies were identified
which assessed for cognitive bias modification of interpretative biases. Of these 29 studies, the authors
reported that only three studies [14–16] included participants with neurodevelopmental disorders and
that neurodevelopmental disorders were part of the exclusion criteria for most of the other studies.
Of the three studies, one study [14] included 69 participants with mild to borderline intellectual
impairments and another study [15] included 75 participants with a mixture of ADHD, ADHD and
ASD, and ADHD and oppositional defiant disorder (ODD). In the last study, Sukhodolsky et al. [16]
included participants who were aged between 7 to 11 years old and who were referred for anger-related
problems. The results from the review suggest that there was some evidence for the modification of
interpretative biases amongst individuals with neurodevelopment disorder. Whilst this review is
of importance given that it has successfully demonstrated the utility of cognitive bias modification
amongst cohorts with neurodevelopmental disorders, it is not without its limitations. Firstly, the studies
that have involved participants with neurodevelopment disorders all had participants with multiple
comorbidities, hence it is difficult to distinguish the effectiveness of bias modification for a specific
neurodevelopmental disorder. Secondly, the review was limited to an examination of the effectiveness
of cognitive bias modification for interpretations. There have since been other studies reporting
of the existence of other cognitive biases, such as that of emotional biases [17]. For the purposes
of this article, we are mainly interested in a specific neurodevelopment disorder, that of ADHD.
This perspective article will discuss the epidemiology of ADHD and the nature of emotional biases
that are present amongst individuals with ADHD. This perspective article will review some of the
studies that have assessed and modified emotional biases amongst individuals with ADHD. It is our
intent to perform a review to map out the initial studies that have been done in the field for emotional
biases amongst individuals with ADHD. The article will end with a discussion of the future research
and clinical implications.
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2. Epidemiology of ADHD

In this perspective article, the focus is on ADHD given that it is a common neurodevelopmental
disorder, with a worldwide prevalence rate of 5% [18]. Individuals afflicted with ADHD typically have
a constellation of symptoms, characterized by hyperactivity, impulsivity, and inattention. The presence
of these symptoms often leads to significant psychosocial impairments, for example, in academic
achievements. Individuals with ADHD often tend to have difficulties with emotional regulation as
well [19]. Due to their inherent difficulties with emotional regulation, these individuals tend to be
short-tempered and irritable. The advances in experimental psychology has led to the discovery of
emotional biases. Targeting emotional biases could potentially help improve the core symptoms of
irritability and short-temperedness amongst these individuals. The recent advances in neuroimaging
has also revealed that amongst individuals with ADHD, there are reductions in the volume of the
bilateral amygdala, nucleus accumbens, and the hippocampus [20]. The presence of these neuroimaging
findings might explain the presence of automatic deficits amongst individuals with ADHD [21,22].

3. Overview of Emotional Biases

Individuals afflicted with ADHD tend to have difficulties with emotional regulation. Prior research
has suggested that emotional biases are present amongst these individuals. Emotional biases refer
to the preferential allocation of attention towards emotional stimuli [19]. Emotional biases are found
amongst individuals who have the combined subtype of ADHD. Children with ADHD-C typically
have difficulties not only in emotional processing, but also in comprehension of others’ emotional state,
recognition of facial emotions, matching emotional stories, and orientating towards emotional cues [23].
The theoretical approach suggests these individuals typically have altered top-down processes and
top-down processes are typically responsible for executive planning, inhibition, and cognitive control.

4. Assessment and Evaluation of Emotional Biases

To identify studies that have been published on emotional biases, articles were identified
using a search through the following databases: PubMed, MEDLINE (Ovid), Cochrane Library,
PsycINFO and Scopus. A library information specialist from the Lee Kong Chian School of Medicine,
Nanyang Technological University Singapore was involved in the refinement of the search strategy.
The following search terminologies were used: “cognitive bias modification”, “attention bias modification”,
“interpretation bias modification”, “affect processing bias”, “emotional bias” and “ADHD” or “attention
deficit disorder”, “attention deficit disorder with hyperactivity”, or “attention deficit hyperactivity
disorder”. The search strategy was modified to suit the different databases. The databases were searched
from inception through to 18 February 2020. With this, a total of 183 citations were identified, of which
127 were duplicates. In this article, we have decided to review only articles that are in English and if
they included (a) children and adolescents with ADHD and (b) mentioned how emotional or affective
biases are being assessed or modified. Figure 1 provides an overview of the selection of the studies.

Based on the search strategy, a total of three articles were identified. Pishyareh et al. [23]. undertook
the first study examining the visual directions of children with ADHD towards paired emotional scenes.
In their research, which involved a total of 30 boys who were of the ages 6 to 11 years old, the visual
orientation of these children was tracked using an eye tracking system as they were presented with
both emotional and neutral scenes. The authors reported that children with ADHD tend to spend less
time on stimuli which were pleasant and tend to attend much more quickly to unpleasant stimuli.
Their attentiveness to unpleasant stimuli might in turn result in the symptoms of emotional reactivity.
In 2014, Suhulz et al. [24] examined how 14 children with ADHD performed against 14 controls on a face
emotion go/no-go task by means of functional magnetic resonance imaging scanning. The functional
magnetic resonance imaging demonstrated that children with ADHD tend to have abnormalities in
their limbic networks and this could thus explain their difficulties with emotional control. The most
recent study was undertaken by Cremone et al. [17]. In their study, 18 children with ADHD were
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compared with 15 children without ADHD on a dot-probe task and they found positive attention
biases among children with ADHD. It is evident from these studies that different paradigms are used
in the evaluation of emotional biases. Due to the heterogeneity in the paradigms used, it is difficult for
us to synthesize the findings.
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5. Research and Clinical Implications

These studies provide us with preliminary evidence for the effectiveness of modifying emotional
biases and how it could help in ameliorating symptoms related to emotional dysregulation. Emotional
biases could therefore be a tangible target in the treatment of children and adolescents with marked
emotional dysregulation. A recent meta-analysis by Beheshti, Chavanon, and Christiansen [25]
reviewed the evidence of emotional dysregulation in individuals with adult ADHD from 13 studies
and reported that individuals with ADHD had significantly higher levels of emotion dysregulation
(ED). When looked at more closely, certain aspects of ED (i.e., specifically emotional lability, emotion
recognition, and negative emotional responses) were significantly correlated with the severity of
ADHD symptoms [25].

Hence, a better understanding of emotional bias modification provides a tool to assess and treat
individuals with ADHD to decrease the severity of the ADHD symptoms. However, there needs to be
future research in this area, with further evidence supporting the effectiveness of modifying emotional
biases. From our knowledge, there has been previous research work targeting other types of cognitive
biases amongst individuals with ADHD, primarily that of attentional biases [26,27]. It is believed
that individuals with ADHD have underlying impairments in their attentional processes (which is
a bottom-up process). It has also been extensively reported that when compared with neurotypical
individuals, individuals with ADHD have difficulties with executive functions; one of these functions is
broadly defined as inhibition (top-down process), which refers to the ability to inhibit cognitive, motor,
verbal, and emotional activities [28]. Due to these underlying impairments, individuals with ADHD
have a consequential difficulty with self-control and self-allocation of attention and effort in handling
complex cognitive tasks. Previous research has used the visual search paradigm to highlight the deficits
that these individuals have. The visual search task typically requires that the individual rapidly scan
spatial locations in order to identify a target. Given this, the task helps in the determination of whether
individuals could exert control over their attentional processes. It is important to note that whilst
targeting attentional processes is of importance in ameliorating difficulties individuals with ADHD
have with regards to attention, it does not resolve their difficulties with emotional dysregulation. Thus,
targeting emotional biases remains to be of importance and future research should explore this aspect.
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From these studies, it is very evident that research into emotional biases is still in its infancy,
with only three articles describing how they have investigated for such biases. Nevertheless, these three
studies [17,23,24] highlight the fact that children with ADHD tend to have differing responses to
emotional stimuli as compared to children without ADHD; and there has been evidence from FMRI
studies demonstrating that this might be due to dysfunctions in the limbic circuits. There is thus
potential for further research to better characterize these biases and to evaluate if bias modification
interventions could help in ameliorating these automatic processes. It is also evident across the three
previous studies that diverse tools are being used in the assessment for emotional biases, with tools
ranging from eye tracking systems and FMRI to a dot-probe task [17,23,24]. It remains crucial for future
research to determine which of these tools is best at detecting such biases and which of these tools
are versatile and non-invasive enough to safely be implemented for both research and clinical needs.
As aforementioned in the introduction, cognitive bias modification has been investigated previously in
adolescents for psychiatric disorders, such as anxiety disorders. It is important for future research to
consider the existence of psychiatric comorbidities in individuals with ADHD, as the presence of these
comorbidities might influence the effectiveness of emotional bias modification.

6. Conclusions

This article has highlighted the potential of assessing and modifying emotional biases, which three
prior studies have documented to be present amongst children with ADHD. There is a need for future
research in determining the effectiveness of this and in determining the most appropriate tools that
could be used for assessment and modification. Targeting emotional biases might help the amelioration
of impulsive symptoms in children and children could potentially benefit further if such forms of
therapy are combined with conventional psychotherapies.

Author Contributions: Z.M., A.C., R.V., D.S.F. jointly conceptualized the study. Z.M. and A.C. were involved
in the initial preparation of the article and the identification of relevant articles. Z.M. wrote the initial draft,
which was revised by A.C. and R.V., D.S.F. provided critical inputs to the final manuscript. All authors read and
approved the manuscript prior to submission.

Funding: MWZ is supported by a grant under the Singapore Ministry of Health’s National Medical Research
Council (grant number NMRC/Fellowship/0048/2017) for PhD training. The funding source was not involved in
any part of this project. This publication is funded by the ALIVE Serious Games Grant (SGG19/SN06), with the
grant project titled “Gamified Emotional Bias Modification Intervention for Children with ADHD”.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Oud, M.; De Winter, L.; Vermeulen-Smit, E.; Bodden, D.; Nauta, M.; Stone, L.; Van Den Heuvel, M.;
Al Taher, R.; De Graaf, I.; Kendall, T.; et al. Effectiveness of CBT for children and adolescents with depression:
A systematic review and meta-regression analysis. Eur. Psychiatry 2019, 57, 33–45. [CrossRef]

2. Van Bockstaele, B.; Verschuere, B.; Tibboel, H.; De Houwer, J.; Crombez, G.; Koster, E.H. A review of current
evidence for the causal impact of attentional bias on fear and anxiety. Psychol. Bull. 2014, 140, 682. [CrossRef]

3. Jones, E.B.; Sharpe, L. Cognitive bias modification: A review of meta-analyses. J. Affect. Disord. 2017, 223,
175–183. [CrossRef] [PubMed]

4. Zhang, M.W.; Ying, J.B.; Song, G.; Fung, D.S.; Smith, H.E. Recent advances in attention bias modification for
substance addictions. Int. J. Environ. Res. Public Health 2018, 15, 676. [CrossRef]

5. Manning, V.; Mroz, K.; Garfield, J.B.; Staiger, P.K.; Hall, K.; Lubman, D.I.; Verdejo-Garcia, A. Combining
approach bias modification with working memory training during inpatient alcohol withdrawal:
An open-label pilot trial of feasibility and acceptability. Subst. Abus. Treat. Prev. Policy 2019, 14, 24. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.eurpsy.2018.12.008
http://dx.doi.org/10.1037/a0034834
http://dx.doi.org/10.1016/j.jad.2017.07.034
http://www.ncbi.nlm.nih.gov/pubmed/28759865
http://dx.doi.org/10.3390/ijerph15040676
http://dx.doi.org/10.1186/s13011-019-0209-2
http://www.ncbi.nlm.nih.gov/pubmed/31171005


Int. J. Environ. Res. Public Health 2020, 17, 4028 6 of 7

6. Chow, P.I.; Portnow, S.; Zhang, D.; Salemink, E.; Wiers, R.W.; Teachman, B.A. Comorbid interpretation and
expectancy bias in social anxiety and alcohol use. Anxietystresscoping 2018, 31, 669–685. [CrossRef] [PubMed]

7. Williams, A.D.; Blackwell, S.E.; Mackenzie, A.; Holmes, E.A.; Andrews, G. Combining imagination and reason
in the treatment of depression: A randomized controlled trial of internet-based cognitive-bias modification
and internet-CBT for depression. J. Consult. Clin. Psychol. 2013, 81, 793. [CrossRef]

8. Wiers, R.W.; Houben, K.; Fadardi, J.S.; Van Beek, P.; Rhemtulla, M.; Cox, W.M. Alcohol cognitive bias
modification training for problem drinkers over the web. Addict. Behav. 2015, 40, 21–26. [CrossRef] [PubMed]

9. Moritz, S.; Von Mühlenen, A.; Randjbar, S.; Fricke, S.; Jelinek, L. Evidence for an attentional bias for
washing-and checking-relevant stimuli in obsessive–compulsive disorder. J. Int. Neuropsychol. Soc. 2009, 15,
365–371. [CrossRef]

10. Matheson, E.; Wade, T.D.; Yiend, J. A new cognitive bias modification technique to influence risk factors for
eating disorders. Int. J. Eat. Disord. 2018, 51, 959–967. [CrossRef]

11. Krebs, G.; Pile, V.; Grant, S.; Degli Esposti, M.; Montgomery, P.; Lau, J.Y. Research review: Cognitive bias
modification of interpretations in youth and its effect on anxiety: A meta-analysis. J. Child. Psychol. Psychiatry
2018, 59, 831–844. [CrossRef] [PubMed]

12. Cox, P.; Bamford, G.M.; Lau, J.Y. Cognitive bias modification as a strategy to reduce children’s fears and
concerns about the secondary school transition. Anxietystresscoping 2016, 29, 447–456. [CrossRef]

13. Schmidt, N.B.; Vereenooghe, L. Inclusiveness of cognitive bias modification research toward children and
young people with neurodevelopmental disorders: A systematic review. Int. J. Dev. Disabil. 2020, 7, 1–6.
[CrossRef]

14. Klein, A.M.; Salemink, E.; de Hullu, E.; Houtkamp, E.; Papa, M.; van der Molen, M. Cognitive bias
modification reduces social anxiety symptoms in socially anxious adolescents with mild intellectual
disabilities: A randomized controlled trial. J. Autism Dev. Disord. 2018, 48, 3116–3126. [CrossRef] [PubMed]

15. Hiemstra, W.; De Castro, B.O.; Thomaes, S. Reducing aggressive children’s hostile attributions: A cognitive
bias modification procedure. Cogn. Ther. Res. 2019, 43, 387–398. [CrossRef]

16. Sukhodolsky, D.G.; Golub, A.; Stone, E.C.; Orban, L. Dismantling anger control training for children: A
randomized pilot study of social problem-solving versus social skills training components. Behav. Ther. 2005,
36, 15–23. [CrossRef]

17. Cremone, A.; Lugo-Candelas, C.I.; Harvey, E.A.; McDermott, J.M.; Spencer, R.M. Positive emotional attention
bias in young children with symptoms of ADHD. Child. Neuropsychol. 2018, 24, 1137–1145. [CrossRef]

18. Polanczyk, G.V.; Willcutt, E.G.; Salum, G.A.; Kieling, C.; Rohde, L.A. ADHD prevalence estimates across
three decades: An updated systematic review and meta-regression analysis. Int. J. Epidemiol. 2014, 43,
434–442. [CrossRef]

19. Shaw, P.; Stringaris, A.; Nigg, J.; Leibenluft, E. Emotion dysregulation in attention deficit hyperactivity
disorder. Am. J. Psychiatry 2014, 171, 276–293. [CrossRef]

20. Fabio, R.A. The study of automatic and controlled processes in ADHD: A reread and a new proposal.
Mediterr. J. Clin. Psychol. 2017, 5, 1–8.

21. Martino, G.; Caprì, T.; Castriciano, C.; Fabio, R.A. Automatic Deficits can lead to executive deficits in ADHD.
Mediterr. J. Clin. Psychol. 2017, 5, 1–32.

22. Fabio, R.A.; Castriciano, C.; Rondanini, A. ADHD: Auditory and visual stimuli in automatic and controlled
processes. J. Atten. Disord. 2015, 19, 771–778. [CrossRef] [PubMed]

23. Pishyareh, E.; Tehrani-Doost, M.; Mahmoodi-Gharaie, J.; Khorrami, A.; Joudi, M.; Ahmadi, M. Attentional
bias towards emotional scenes in boys with attention deficit hyperactivity disorder. Iran. J. Psychiatry 2012,
7, 93. [PubMed]

24. Schulz, K.P.; Bédard, A.C.; Fan, J.; Clerkin, S.M.; Dima, D.; Newcorn, J.H.; Halperin, J.M. Emotional bias of
cognitive control in adults with childhood attention-deficit/hyperactivity disorder. Neuroimage Clin. 2014, 5,
1–9. [CrossRef] [PubMed]

25. Beheshti, A.; Chavanon, M.L.; Christiansen, H. Emotion dysregulation in adults with attention deficit
hyperactivity disorder: A meta-analysis. BMC Psychiatry 2020, 20, 1. [CrossRef]

26. Wilding, J.M. Attentional difficulties in children: Weakness in executive function or problems in coping with
difficult tasks? Br. J. Psychol. 2003, 94, 427–436. [CrossRef]

http://dx.doi.org/10.1080/10615806.2018.1521958
http://www.ncbi.nlm.nih.gov/pubmed/30235946
http://dx.doi.org/10.1037/a0033247
http://dx.doi.org/10.1016/j.addbeh.2014.08.010
http://www.ncbi.nlm.nih.gov/pubmed/25218067
http://dx.doi.org/10.1017/S1355617709090511
http://dx.doi.org/10.1002/eat.22938
http://dx.doi.org/10.1111/jcpp.12809
http://www.ncbi.nlm.nih.gov/pubmed/29052837
http://dx.doi.org/10.1080/10615806.2015.1058367
http://dx.doi.org/10.1080/20473869.2020.1720156
http://dx.doi.org/10.1007/s10803-018-3579-9
http://www.ncbi.nlm.nih.gov/pubmed/29680962
http://dx.doi.org/10.1007/s10608-018-9958-x
http://dx.doi.org/10.1016/S0005-7894(05)80050-4
http://dx.doi.org/10.1080/09297049.2018.1426743
http://dx.doi.org/10.1093/ije/dyt261
http://dx.doi.org/10.1176/appi.ajp.2013.13070966
http://dx.doi.org/10.1177/1087054712459562
http://www.ncbi.nlm.nih.gov/pubmed/23139376
http://www.ncbi.nlm.nih.gov/pubmed/22952552
http://dx.doi.org/10.1016/j.nicl.2014.05.016
http://www.ncbi.nlm.nih.gov/pubmed/24918067
http://dx.doi.org/10.1186/s12888-020-2442-7
http://dx.doi.org/10.1348/000712603322503015


Int. J. Environ. Res. Public Health 2020, 17, 4028 7 of 7

27. Mullane, J.C.; Klein, R.M. Literature review: Visual search by children with and without ADHD.
J. Atten. Disord. 2008, 12, 44–53. [CrossRef]

28. Barkley, R.A. Differential diagnosis of adults with ADHD: The role of executive function and self-regulation.
J. Clin. Psychiatry 2010, 71, e17. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1087054707305116
http://dx.doi.org/10.4088/JCP.9066tx1c
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Epidemiology of ADHD 
	Overview of Emotional Biases 
	Assessment and Evaluation of Emotional Biases 
	Research and Clinical Implications 
	Conclusions 
	References

