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Event related potentials (ERPs) represent powerful tools to investigate cognitive functioning in child and
adolescent psychiatry. So far, the available body of research has largely focused on advancements in analysis
methods, with little attention given to the perspective of assessment. The aim of this brief report is to provide
recommendations for cognitive ERPs assessment that can be applied across diagnostic categories in child and

adolescent psychiatry research. First, we discuss major issues for ERPs testing using examples from common
psychiatric disorders. We conclude by summing up our recommendations for methodological standards and
highlighting the potential role of ERPs in the field.

1. Introduction

Event-related potentials (ERPs) represent one of the most widely
used tools to study cognitive function in children and adolescents
(Bhavnani et al., 2021). A wide variety of neuropsychological tests have
been implemented on computer-based models and integrated with ERPs
(Ghani et al., 2020; Kutas et al., 2012; Reinvang, 1999; Seer et al., 2016).

ERPs are measured by delivering several times certain category of
events, and averaging the signal (Duncan et al., 2009; Luck, 2012). ERPs
allow studying the sequence of cognitive processes at high temporal
resolution: the early waves (within 100 milliseconds after stimuli onset)
are called ‘sensory’ component, while ERPs generated at later stages
reflect higher order information processes (Sur and Sinha, 2009).

The ability to understand, follow instructions, and concentrate are
skills required to perform many neuropsychological tests (Howieson,
2019). As such, challenges may be expected for cognitive assessment
using ERPs in children and adolescents with atypical development
(Brooker et al., 2019).

To date, the body of research relevant to ERPs has largely focused on
advancements in electroencephalography (EEG) analysis methods (for a
recent review, see (Bridwell et al., 2018)), with little attention given to
data collection especially in vulnerable populations. The purpose of this
work is to provide recommendations for cognitive ERPs assessment that
can be applied across diagnostic categories in child and adolescent
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psychiatry. This article serves as a ‘best practices guide’ for researchers
interested in applying ERPs methodologies: it is addressed mainly to
those not familiar with experimental settings in child and adolescent
psychopathology. This article also aims to raise awareness within the
community of developers: hardware architects, software developers,
computational scientists. The overall objective is to familiarize a wide
range of professionals with common methodological issues on data
collection, but also with the effectiveness of specific experimental
settings.

First, we discuss major obstacles to the use of ERPs as routine
assessment, using examples from the most common forms of psycho-
pathology in children and adolescents. We conclude by summing up our
recommendations for researchers and highlighting outstanding issues in
the field.

2. Challenges related to ERPs assessment in child and
adolescent psychiatry

2.1. Anxiety and depressive disorders

Anxiety disorders (AD) and depressive disorders (DD) represent the
most common child and adolescent psychiatric disorders (Polanczyk
et al., 2015). Median age of onset for separation anxiety disorders and
specific phobia is 7 years old, while for social anxiety disorders it is 13
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years old (Kessler et al., 2005). DD are usually diagnosed after age of 6
(Bernaras et al., 2019). AD are characterized by cognitive bias towards
threat (Abend et al., 2018) and generalized fears (Pittig et al., 2018).
Symptoms of DD in youths include low mood, irritability, negative
thoughts, reduced motivation and active engagement (Orchard et al.,
2017; Watson et al., 2020).

Internalizing symptoms of AD and DD, such as distress during sep-
aration; fear of being alone, exposed to unfamiliar people; fears of ob-
jects; poor concentration; lack of motivation; and negative bias in
processing information may represent challenges for cognitive ERPs
assessment.

2.2. Autism spectrum disorders

Autism Spectrum Disorder (ASD) is clinically defined by impairment
in communication, social interaction, and stereotypical behavioral
(APA, 2013). Early diagnoses occur between 18 and 48 months of age
(Jussila et al., 2020). High functioning children with ASD typically have
average to above average intelligence and comparable cognitive skills to
typically developing children (Lickel et al., 2012), whereas severe forms
of ASD are usually characterized by poor cognitive performance (Rom-
melse et al., 2015). Beyond cognitive functioning, unusual responses to
sensory information are also present in ASD (Rogers et al., 2003).

Several features need to be considered to ensure adequate test sec-
tion and procedure set up, including social/intellectual functioning,
very young age, atypical sensory responses (es., tactile/auditory sensi-
tivity), stereotyped movements, and resistance to environmental
changes (see, (Kylliainen et al., 2014; Webb et al., 2015)).

2.3. ADHD

Attention deficit hyperactivity disorder (ADHD) consists of a pattern
of inattention and/or hyperactivity-impulsivity (APA, 2013). ADHD is
often diagnosed after children start attending school (Evans et al.,
2010). Attentional/hyperactivity problems and impulsivity may result
in listening difficulties, not following instructions, and making careless
mistakes during the execution of tasks (APA, 2013; DuPaul et al., 2014).
These children may be easily distracted, easily bored, and struggle to
stay seated for long periods of time (Shaughnessy and Waggoner, 2015).
Assessment of cognitive ERPs in ADHD is challenging for core symptoms
of this disorder, and the requirements of the setting: stay focused for
longer periods of time, following instructions, move little as possible.

2.4. Eating disorders

Eating disorders (ED) are mental disorders defined by abnormal
eating behaviors (APA, 2013). Child and adolescent ED include anorexia
nervosa (AN), bulimia nervosa (BN), binge eating disorder (BED), and
avoidant restrictive food intake disorder (ARFID). Low weight and
intense fear of becoming fat are characteristics of AN, while BN is
characterized by BE episodes and inappropriate compensatory behav-
iors, and BED by BE episodes in the absence of compensatory behaviors,
distress, and presence of several cognitive and behavioral symptoms
(APA, 2013). ARFID profiles involve anxiety for eating certain types of
food, sensory abnormalities, and lack of interest in foods (Thomas et al.,
2017).

Peak age for diagnosis of AN and BN is 15-19 years old (Micali et al.,
2013) and childhood for ARFID (Fisher et al., 2014). BED might have a
bimodal peak of onset, at young ages and mid-life (Micali et al., 2017).

While AN, BE, and BN are often characterized by weaknesses in
specific cognitive domains, such as set shifting (Allen et al., 2013), and
cognitive control (Lavagnino et al., 2016), not much is known about the
cognitive profile of ARFID.

Medical complications related to malnutrition, such as physical
weakness and sense of fatigue, may render testing sessions particularly
hard to tolerate, and negatively impact cognitive performance.
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Impulsivity/distractibility, anxiety, and sensory abnormalities may also
cause concomitant problems.

3. Recommendations for researchers

Below, we propose a list of recommendations to guide researchers
during implementation stages and data collection. An essential recom-
mendation is to identify tests that are related to critical cognitive areas
that can be effectively implemented in combination with ERPs. Critical
cognitive areas can be identified based on clinical insights or empirical
evidence in neuropsychological research (see for example, on ASD
(Charman et al., 2011; Courchesne et al., 2019; Rabiee et al., 2019), AD
(Murphy et al., 2018), DD (Jacobs et al., 2008; Vance and Winther,
2021), ADHD (Loyer Carbonneau, Demers, Bigras, and Guay, 2020;
Moura et al., 2019), and ED (Basile et al., 2021; Schaumberg et al.,
2020). Assembling a cross-functional team would improve the quality of
test selection, set-up of procedures (instructions, training practice etc.),
and of planning subsequent data analysis.

To minimize the gap between what is known from cognitive research
and what is actually feasible, a technical feasibility analysis should be
performed. This analysis should ascertain the likelihood of completing
the assessment successfully. Critical information to consider includes:
affective, social, and cognitive functioning, as well as age, physical
symptoms. Stimuli/tasks selection should take into account affective,
sensory abnormalities (visual/auditory/tactile), and levels of
distractibility.

Emotional intensity has to be carefully evaluated. Phobias have
typically been classified as irrational fears of situation, object, or activity
(APA, 2013). Typical worries of children are represented by personal
harm, medical procedures, separation from parents, environmental
threats (Muris et al., 2002). During interaction with a phobic stimulus a
combination of avoidance behavior, physiological arousal, and cata-
strophic thinking may be induced (Davis III, Ollendick, and Ost, 2019).
Specific stimuli categories may be expected to induce strong emotional
reactions in certain disorders, such as food for ED (Cardi et al., 2019;
Thomas et al., 2017), but also to be negatively over-estimated, especially
in AD (Bogels and Zigterman, 2000). It may be more difficult deter-
mining whether a specific phobia is present in children with ASD or
intellectual disability (Davis Il et al., 2019), similarly in young children
(Brown and Lamb, 2015). Advice from experts in psychopathology or
clinicians should be sought to adapt stimuli properties and experimental
procedures, and how to safely and ethically apply them. If arousal in-
tensity is judged potentially too high or impossible to estimate, alter-
native strategies should be planned.

Unusual responses to sensory experiences are characteristics of ASD
(Marco et al., 2011), but also of ED, especially ARFID (Galiana-Simal
et al., 2017). ERPs cognitive tasks are usually administered using visual
or auditory stimuli. To prevent extreme reactions in ASD, specific pre-
cautions should be adopted during stimuli and procedure selection: for
auditory stimuli high dB intensity should be avoided, as well as moving
and flickering light stimuli for visual tasks, skin contact with experi-
mental materials should be carefully evaluated, etc. (see (Kylliainen
et al., 2014; Thomas et al., 2017)).

Distractibility, excessive mental fatigue, boredom, frustration, and
lack of motivation may induce poor data quality collection. As a general
rule, stimuli/experimental procedures in child and adolescent psychia-
try should be selected to be suitable and attractive for the age of par-
ticipants (Brooker et al., 2019). To deal with symptoms of inattention in
ADHD, experiences from the classical cognitive literature, such as
introducing novel stimuli to increase orienting responses on
computer-based tasks (van Mourik, Oosterlaan, Heslenfeld, Konig, and
Sergeant, 2007), or applying contingent reinforcements (Luman et al.,
2005) can be helpful. These techniques can also be useful to keep all
participants motivated and attentive. However, based on our experi-
ence, trying to make the content of a project relevant for partic-
ipants/families is a key engagement strategy.
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A feasibility study should also be planned to decide, not only the
feasibility of an idea, but also ensuring a project is operational and
feasible. Identified reasons for recruitment difficulties, and poor data
quality are methodological aspects that should be carefully estimated.

Although, data quality can be an issue, especially in ASD (Webb
et al., 2015), ADHD (Kaiser et al., 2021), and young children (Brooker
et al., 2019), excessive fear reactions may have similar effects. Potential
data quality issues, either ERPs or behavioral, should be considered
when effect sizes and power estimations are calculated.

Based on clinical vulnerabilities and strengths, specific accommo-
dations should be planned. Experimental settings and tasks should be
set-up to optimize the child/adolescent functioning.

Whenever stimuli or procedures at high potential level of arousal are
used, adequate psychological support should be provided during, and
after the procedure of ERPs testing. Furthermore, emotion perceptions
and reactions should be monitored during data collection. This can be
done using visual analogue scales appropriate for children/adolescents,
and specific questionnaires (see, for example (Bringuier et al., 2009)), or
collecting other physiological parameters. To reduce anxiety symptoms,
participants should be made familiar with the procedures/EEG cap, and
testing sessions should be predictable with clear expectations.

For restrictive ED with moderate/severe underweight, multiple
breaks should be planned, and time of the day (before/after meals)
should be carefully considered.

To handle with ASD symptoms, choice of recording equipment,
strategies to reduce novelty of the procedures, accompaniment, and
behavioral management techniques should be adopted (see (Webb et al.,
2015)).

During ERPs recordings, effective strategies to reduce lack of con-
centration or distractibility, may consist of giving simple instructions,
planning shorter blocks and pauses, and using catch trials to re-address
attention. Establishing structure and creating a quiet setting may also
help to positively influence self-regulation symptoms.

Accommodations should also take into account patients strengths.
These can be defined as intellectual, physical, and cognitive skills, but
also interest and motivation. Identifying them should improve quality of
ERPs testing. Some children may better understand instructions if they
are delivered in a non-verbal way (e.g., visual materials for ASD (Lickel
et al., 2012)); others may feel more comfortable with certain tasks (e.g..
logical thinking and emotional reasoning for ADHD (see (Climie and
Mastoras, 2015)), or visual attention in AN and BN (Allen et al., 2013).

Before ERPs assessment, children/adolescents should perform a
comprehensive assessment. Participants should be assessed in a
comprehensive manner: all aspects of development and well-being must
be examined, including cognitive, emotional, and physical health, as
well as any drug treatments.

Mental health and wellbeing is most often measured using ques-
tionnaires, that according to age and level of functioning can be
completed by participants, or caregivers, or other professionals.

Tests and questionnaires choices will be determined by clinical fea-
tures, and inclusion and exclusion study criteria. Knowing as much as
possible about fears and exposure may be crucial for younger children,
AD, and ASD, and an adequate assessment should be planned. To
determine sensory sensitivities in ASD or ED, caregivers/therapists, and
older participants should be interviewed. Although, there is no single,
easy solution, this evaluation would act as a roadmap, identifying areas
of both need and strength for cognitive ERPs assessment.

The distress that participants may experience during the procedure
should be minimized. The test setting should be managed by re-
searchers. It is critical to acknowledge and estimate the intensity of re-
action that certain stimuli/procedures may induce in certain disorders:
in terms of emotions, physical symptoms, and sensorial experience.
Selecting appropriate procedures, planning specific accommodations to
clinical vulnerabilities and strengths, and performing comprehensive
assessments are methodological adjustments that, if properly conducted,
should prevent or at least reduce distress of participants and families.
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It is also important to emphasize that creating a positive experience
for families is also an effective strategy to make research more
accessible.

Anyone carrying out the assessment must be well trained in the
standardized administration of tests. As is the case in classical neuro-
physiological assessments, changes in the procedures may introduce
systematic errors (Harvey, 2012). Therefore, any method of testing
during ERPs data collection should be applied with awareness.

Similarly, researchers should be cautious about simply applying ex-
tensions of psychological or clinical methodologies without adequate
training. An adequate clinical training will determine the rates of suc-
cess in interacting with patients and families, and as a consequence in
data collection.

Caregivers and participants should be given timely and accurate
information. It is good practice to explain the temporal sequence of the
whole session in detail, including how the application of the EEG cap
will occur. According to age, level of functioning, this can be done using
simple words, pictures, or video-clips, allowing them to ask questions
and express any possible concerns they may have. To reassure care-
givers, they may be invited to observe the assessment from a corner in
the testing room, through a one-way mirror, or on a video camera.

4. Conclusion

Employing ERPs and relating them to neuropsychological assessment
is a powerful tool to investigate cognitive functioning in child and
adolescent psychiatry. The main strengths of this approach are the semi-
ecological validity and non-invasiveness, allowing its application in
young children for the majority of psychiatric disorders. On the other
hand, this also demands clinical expertise, and paradoxically, to date,
little attention has been given to methodological aspects of ERPs
cognitive assessment, and on consequent development of transversal
guidelines for conducting research in child and adolescent psychiatry.
High incidence of comorbidity in child and adolescent psychiatry, co-
occurrence of similar disorders in parents, and family functioning also
have practical implications. Developing methodological standards may
also help to validate and refine procedures.

Rapidly evolving advances in technology have the great potential to
improve ERPs applications for research in the multi-disciplinary field of
child and adolescent psychiatry. Among the exciting developments in
technology there are new hardware solutions, such as dry electrodes
(Kam et al., 2019) and portable systems (Krigolson et al., 2017; Ogino
etal., 2019), but also of sophisticated methodologies of analyses, such as
ERPs classification based on single trial (see, (Blankertz et al., 2011; De
Lucia and Tzovara, 2015)). However, only with awareness of clinical
needs can these methodological improvements become effective and get
practical applications for child and adolescent psychiatry.

In the upcoming years, a wave of further advancements in technol-
ogy is expected, that will certainly mitigate many of the issues
mentioned above, such as: technologies allowing cognitive ERPs testing
less stressful, and methodologies more effective in reducing/cancelling
noise. Once again, this will only be achieved by sharing knowledge from
multiple perspectives, and establishing effective dialog between de-
velopers and clinical researchers.

Today, clinical applications have been limited to the assessment of
biological markers in many psychiatric disorders (Jeste and Nelson,
2009; Kaiser et al., 2020; Mumtaz et al., 2015), and rather little
consideration has been given to the development of standards for ERPs
cognitive assessment. Further research is absolutely needed in this area
to validate existing procedures and to optimize clinical applications in
child and adolescent psychiatry.
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