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Introduction: Children’s behavior is indicative of adaptation to early-age
development. Adaptive difficulties linked to behavioral difficulties are frequent
among school-aged children having a multi-level impact. Five key approaches
have been used therapeutically while systematic behavior monitoring has been
used to evaluate the efficacy of different interventions. The inherent barriers of
traditional monitoring tools have led to the need to design and implement new
approaches.

Methods: Four case study series (S1-S4) focused on vulnerable populations are
described. Eight participants with different medical backgrounds underwent an
intervention, either cognitive training (BrainHQ) (seven out of eight) or operant
conditioning strategies. Targeted behaviors were monitored in six out of eight
participants using the WHAAM application which could also measure the
effectiveness of the intervention applied, while emotional fluctuations were
evaluated in two out of eight participants using AffectLecture. Moreover, a 5th
pilot study (S5) is included focusing on the early detection and management of
ADHD using a serious game-based platform.

Results: In S1, monitoring highlighted that BrainHQ training resulted in positive
changes in all but one of the behaviors in Case 1. Studies that exploited the
AffectLecture application indicated that emotional state was improved after
training, and it was positively correlated with performance in cognitive exercises.
The performance in cognitive training was positively correlated with the emotional
state before training in S2 but not in S3. A positive correlation between the change
in emotional state and performance was mentioned only in S3. Educational and
social benefits as well as a positive correlation between the performance and the
length of training were reported in both studies. Operant conditioning strategies in
S4 resulted in positive behavioral effects in most participants. Preliminary analysis
of S5 indicated that the platform has a considerable capacity to discriminate users
based on their in-game patterns as ADHD or non-ADHD.

Discussion: The mixture of studies presented in this article incorporates different
technological solutions for monitoring or intervening in developmental disorders
and behavioral difficulties. Despite the inherent inhomogeneity of such an
endeavor, they all highlight the positive prospects of using technology to enhance
the educational arsenal of facing behavioral and learning difficulties.

assistive technologies, eHealth, serious games, disability, Attention Deficit Hyperactivity
Disorder, BrainHQ
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1. Introduction

Childrens behavior is indicative of adaptation to early-age
development (Martineli et al., 2018). Family dynamics, among other
social, biological, and environmental factors (Sutherland and Oswald,
2005), could act aggravatingly or protectively to the child’s
development (Walsh, 2016) affecting the adaptation in the
developmental stage. Adaptive difficulties linked to internalizing or
externalizing behavioral difficulties (BDs) were found to be frequent
among school-aged children (Pizato et al., 2014; Martineli et al., 2018).
Behavioral difficulties have an impact on children with BD, teachers,
as well as student-teacher interactions. At the individual level, BDs
have been associated with weak academic achievement and higher
school absenteeism (Mekonnen et al., 2020). Apart from learning, BD
affects mood, family and home life, relationships, and leisure time
activities (Simpson et al., 2009). As the domains commonly affected
by BD represent overlapping aspects of life, children with BD usually
experience difficulties in more than one domain (Simpson et al.,
2009). Recently, Caslin (2019) conducted a pupil voice study
describing that pupils are too aware of the stigma that comes with the
label attached to them as a part of their identity. Furthermore, they
internalized the labels given by others to explain their deviance from
others (Caslin, 2019).

Teaching children with BD has been considered challenging
(Scanlon and Barnes-Holmes, 2013), as these students are more likely
to be involved in school misdemeanors (Lassen et al., 2006) and
be subjected to exclusionary or restrictive practices (Kauffman, 1999)
leading to negative attitudes toward students with BD (Scanlon and
Barnes-Holmes, 2013). More precisely, teachers described their direct
interactions with this target group as aversive and tense (Sutherland
et al, 2008) leading to higher rates of burnout and depression
(Hastings and Bham, 2003), as well as worsening feelings of
inadequacy (Scanlon and Barnes-Holmes, 2013). Emotional labor,
consisting of surface acting, deep acting, and suppression (Glomb and
Tews, 2004; Lee and Brotheridge, 2011; Néring et al., 2012), seems to
be involved in the teaching role (Kinman et al., 2011). Teachers
experiencing surface acting seem to be vulnerable to burnout
(Brackett et al., 2010) or depersonalize their students affecting
negatively pupils with BD (Rae et al., 2017). On the other hand, deep
acting could allow educators to establish effective relationships with
their students, cultivate a relaxing environment, and manage their
difficulties (Brackett et al, 2010).
relationships for learning and behavior may be promoted by teachers

Positive teacher-student

who are emotionally nurtured in the acquisition and transfer of these
skills (Koundourou, 2012; Rae, 2012). A negative relationship with
teachers has been associated with a long-term exacerbation of
behavioral problems (Myers and Pianta, 2008). Teachers who work in
schools with high levels of suspensions are more likely to bully their
students (Twemlow and Fonagy, 2005) possibly contributing to the
etiology of the student’s behavioral problems (Cooper, 2011). On the
other hand, teachers demonstrating emotional warmth contribute to
the improvement of the student’s wellbeing expressed not only in
school engagement but also in academic achievements (Cooper,
2011). Teachers’ emotional warmth seemed to promote healthier
non-conflictual relationships in students expressing internalizing and
externalizing behaviors (Buyse et al., 2008). Similarly, LaRusso et al.
(2008) mentioned that supportive teachers used to report lower drug
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use, higher social inclusion, better school climate, and lower depressive
symptoms than teachers lacking these qualities.

Cooper (2011) summarized five key approaches that have been
with BD
psychodynamic, behavioral, humanistic, cognitive behavioral, and

used therapeutically in students including the
systemic approach. Behavior monitoring is used to evaluate the
efficacy of different intervention strategies and design or modify a
plan for behavioral change (Strawhun et al., 2013). However,
traditional monitoring tools commonly rely on pen-and-paper
methods (Gualtieri and Johnson, 2005; Pandria et al., 2015) using
expert observations and/or conducting surveys involving participants
who interact with each other (Davila-Montero et al., 2021). Inherent
obstacles of those methods include data loss, subjectivity bias,
difficulty in synchronous monitoring at different settings, real-time
recognition, and interpretation of behavior (Davila-Montero et al.,
2021; Pandria et al., 2022). For addressing the limitations of existing
approaches, we have designed and implemented a bundle of tools over
the past few years, namely, the WHAAM application (Spachos et al.,
2014), the ADHD360 (Pandria et al., 2022) platform, and the
AffectLecture application (Siouli et al., 2017, 2020), in addition to
platform  BrainHQ
(Romanopoulou et al, 2017; Anagnostopoulou et al., 2021;

exploiting the commercially available
Romanopoulou et al., 2021) setting different goals and targeting
different populations. The WHAAM application enables the digital
monitoring of Attention Deficit Hyperactivity Disorder (ADHD)
behavior as well as the planning of an intervention and the statistical
evaluation of its effectiveness (Spachos et al., 2014; Merlo et al., 2018)
while the ADHD360 stands for an integrated platform that includes a
serious game for early detection of ADHD characteristics and a
mobile application for behavior monitoring. BrainHQ is a specialized,
commercial software for personalized and adaptable game-based
cognitive training (Romanopoulou et al., 2017) while the AffectLecture
is a hybrid mobile application that assists emotional state monitoring
(Siouli et al.,, 2017, 2020). The current manuscript aims to provide a
comprehensive description of a case study series collective in which
the aforementioned technologies were used either as intervention
tools or as behavioral monitoring tools for vulnerable populations
experiencing BD.

2. Materials and methods
2.1. Subjects and cases

Four case study series (S1-S4) were designed and implemented
to focus on vulnerable populations such as participants with
intellectual difficulties, ADHD combined with obsessive-compulsive
disorder and oppositional defiant disorder, Williams syndrome,
Simpson-Golabi-Behmel syndrome, and special learning difficulties
combined with visuomotor deficits and ADHD. In total, eight
participants with different medical backgrounds underwent an
intervention, either cognitive training using BrainHQ software
(seven out of eight participants) or operant conditioning learning
strategies. Targeted behaviors were monitored in six out of eight
participants using the WHAAM application while the emotional
fluctuations were evaluated in two out of eight participants using the
AffectLecture application.
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Moreover, 43 participants were recruited to take part in the pilot
study of the ADHD360 project (Pandria et al., 2022) (S5); 18
participants were diagnosed with ADHD while 25 participants were
healthy controls. The ADHD360 platform and, in particular, its
serious game “Pizza on Time” was explored as a tool for the early
detection of ADHD characteristics and management of ADHD
behavior. The mobile application ADHD360 served as the behavior
monitoring tool.

The whole series of studies was approved by the Bioethics
Committee of the Medical School of the Aristotle University of
Thessaloniki and was conducted per the Helsinki Declaration of
Human Rights. Legal guardians of both underage and adult
participants signed written informed consent before their enrollment
in the study.

2.2. Technology material/software and
apps

2.2.1. WHAAM

WHAAM stands for Web Application for ADHD Monitoring and
was developed during a project funded by the European Commission
in the LLP Transversal Programme KA3—ICT Multilateral Projects
(Alves et al.,, 2013). The main objective of the WHAAM application
was to plan and facilitate digital monitoring of Attention Deficit
Hyperactivity Disorder (ADHD) behavior in a SMART (Specific,
Measurable, Attainable, Realistic, and Timely) way (Spachos et al.,
2014; Merlo et al., 2018) involving all members of the care network of
a child or young adult diagnosed with ADHD as well as provide
statistical evaluation of intervention effectiveness. The aforementioned
objective was fulfilled by the WHAAM application in its two main
versions/components, namely, the Web and the mobile.

The Web component of the WHAAM application serves
functional behavioral assessment (FBA), creation of a virtual network
for data sharing, data collection, as well as planning and statistical
evaluation of the intervention designed. The Web WHAAM
application may be accessible through any browser, and it consists of
two areas, the public and the private ones. The public area provides
access to the theoretical principles of the app development and the
private area through a registration procedure. The private area allows
personal, school, and medical data collection, management of the
user’s network by inviting people to participate, targeted behavior
definition, planning of behavior monitoring, and evaluation of the
intervention effectiveness through charts and statistical measures
(Spachos etal., 2014). Different roles in the care system of the user are
associated with different privileges (Spachos et al., 2014). Parents and
personal health professionals (HPs) have access to new user creation
and management of user data while teachers involved can manage
school and discipline referral information. All involved roles (i.e.,
parents, HPs, and teachers) are allowed to target specific behaviors
considered to be dysfunctional, plan an FBA, collect ABC, and define
the function of a behavior while only HPs are allowed to plan a
suitable intervention (Spachos et al., 2014).

The mobile component serves the data collection for FBA
gathering direct observations, referring to the frequency and the
duration of a behavior that occurs, or completing the information on
ABC charts (Alves et al., 2013; Spachos et al., 2014; Merlo et al., 2018).
The ABC charts refer to the antecedent factors, behavior topography,
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and consequences of the observed behavior at a personal and societal
level (Spachos et al., 2014) and constitute a valuable tool in Cognitive
Behavioral Therapy (Emerson, 2001). Data collection via mobile
application is synchronized with the web app offering the opportunity
to the HP involved in the child’s or young adult’s network to
hypothesize the behavior function, design an intervention plan, and
evaluate the implemented intervention (Alves et al., 2013; Spachos
et al., 2014; Merlo et al., 2018).

2.2.2. ADHD360

The ADHD360 platform was developed in the context of the
ADHD360 project funded by the European Union and Greek national
funds through the Operational Program Competitiveness,
Entrepreneurship, and Innovation, under the call RESEARCH-
CREATE-INNOVATE (grant TIEAK-01680). The main focus of the
project was to build an integrated platform that includes a serious
game (“Pizza on Time” game) for the early detection of ADHD
characteristics and a mobile application (mADHD360 app) for
behavior monitoring (Pandria et al., 2022).

The “Pizza on Time” game is a running game where the player
tries to deliver a pizza avoiding obstacles and collecting coins as a
pizza slice is lost every time the player falls over an obstacle. The same
level is played again when the pizza is lost. The game is taking place in
three in-game world levels (city, jungle, and space) including 40
sublevels in each world level. Retaining the concept of pizza delivery,
four mini games are integrated with the main game to enhance the
game mechanics. The game design is based on diagnostic criteria and
neuropsychological tools commonly used in ADHD screening. More
precisely, the principles of diagnostic criteria described in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-V) 2013) and
neuropsychological tools were transferred to serious game design as

(American  Psychiatric ~ Association,
game mechanics. Additionally, the early detection of ADHD was
facilitated by calculating the likelihood of having ADHD after
analyzing gameplay data through machine learning methodology.

Within the ADHD360 platform, the mADHD360 application
(Pandria et al., 2022), as the rational descendant of the WHAAM app,
constitutes a progressive web app designed to run on smartphones,
mobile devices, and tablets. It is dedicated to behavioral monitoring
providing observation features to HPs, parents, and teachers to
conduct FBA in a unified and easy-to-use way. Additionally, it
integrates a sociocentric methodology enabling the creation of a
virtual network of people involved in the user’s care. nADHD360 also
facilitates the evaluation of the intervention plan by providing a visual
representation of gathered data in terms of duration and frequency
(Pandria et al., 2022). Although the mADHD360 application builds
on the knowledge gained from the WHAAM app and preserves its
main principles, it is enriched with more features (e.g., asynchronous
chat capabilities) and provides advanced user experience and usability
(Pandria et al., 2022).

2.2.3. BrainHQ

BrainHQ designed and developed by Posit Science constitutes a
specialized, commercial software for personalized and adaptable game-
based cognitive training (Romanopoulou et al., 2017). In more detail,
BrainHQ is an online interactive tool that incorporates six categories
with more than 29 highly empowering cognitive exercises focusing on
memory, attention, navigation, intelligence, brain speed, and people
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skills (BrainHQ, 2022). Tailored cognitive training is ensured by
automatically adjusting each exercise to the level of competence of each
participant. The adjustability of the cognitive training is provided by
including hundred levels of difficulty (Romanopoulou et al., 2021). The
proven benefits of BrainHQ are summarized as the rewiring of the
brain as assessed through the improvement of brain activation, timing,
and connectivity between different brain regions, the sharpening of
cognitive function, and the improvement of daily living
(Anagnostopoulou et al., 2021; BrainHQ, 2022).

2.2.4. AffectLecture

AffectLecture is a hybrid mobile application that serves as a self-
reporting emotion-registering tool to monitor emotional states (Siouli
etal,, 2017, 2020). It provides a five-level Likert scale where “1” stands
for “very sad” while “5” stands for “very happy” and is displayed using
emoticons. The app was developed using the Ionic framework which
is free and open source while the backend was developed using
Angular]S which is well-suited for robust applications (Siouli et al.,
2020). The application was originally designed to monitor the
students’ mood before and after a university or a classroom lecture,
but it was later also considered and used to monitor the emotional
changes of smokers who underwent biofeedback and neurofeedback
training (Pandria et al., 2017) as well as in other protocols. Once the
app is activated, a list of the sessions of the day ordered by the
beginning time is provided. Navigation to a specific session is limited
to the users who will attend the session with a 4-digit PIN which is
defined by the instructor who registers the session on the app (Siouli
et al.,, 2020). Once the right PIN is entered, the user selects the
emoticon that expresses better his/her mood at that moment by
clicking on a toolbar. The user votes two times, before and after the
lecture or the activity/intervention applied (Siouli et al., 2020).

2.3. Studies

2.3.1. Profile of participants

Although six participants were initially recruited, three of them
were withdrawn; as a result, only three female individuals with a mean
age of 19.6 +5.03 years completed the first study (S1). One participant
was 15 years old; she was diagnosed with mild intellectual disability.
The other participant was 19years old suffering from severe
intellectual disability while the last one was 25 years old and diagnosed
with cerebral palsy and right hemiplegia.

The second study (S2) involved an 8-year-old male child with a
body mass index (BMI) of 21.4 Kg/m* who was diagnosed with
Simpson-Golabi-Behmel syndrome. He was characterized by
dysmorphia, macrostomia, and macroglossia which make it difficult
to pronounce the words. He also has benign congenital hypotonia,
nephromegaly, umbilical hernia, squamous chest, square palms, and
two extra nipples.

A 10-year-old male child with a BMI of 24.1 Kg/m* who was
diagnosed with a special learning disorder, visual motor disorder, and
ADHD characteristics participated in the third study (S3).

The fourth study (S4) involved a heterogenous group of
participants including (a) a 17-year-old male diagnosed with Williams
syndrome, antisocial behavior, and inattention as profound conditions,
(b) a 15-year-old female diagnosed with intellectual disability and
inattention, and (c) a 13-year-old female diagnosed with ADHD,
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obsessive—compulsive disorder (OCD), oppositional defiant disorder,
and special learning difficulties.

Forty-three participants with a mean age of 11.82+2.81 years were
recruited in the ADHD360 pilot study (S5) forming two groups, the
ADHD group (18 participants) and healthy controls (25 participants).
Of the 43 participants, 28 (65%) were male and 15 were female.

A summary of participant characteristics and technologies used
per study is presented in Table 1.

2.3.2. Study design

The WHAAM application and the BrainHQ software were used
in S1. In more detail, the study was conducted in the Child Care
Center of Parents’ Association, Guardians and Friends of People with
Disability of the Western Macedonia Region (Ptolemaida, Greece),
from st June 2017 to 31st July 2017. Two 1-month phases including
baseline and intervention were defined. Before the baseline phase,
Raven’s Colored Progressive Matrices (CPM), Wechsler Intelligence
Scale for Children (3rd edition), and Reading the Mind in the Eyes
were administered by experienced clinical psychologists to assess
cognitive functioning and emotion recognition. Targeted behaviors
were defined for each participant (Table 2) by the psychologists and
the caregivers of the Child Care Center and they were monitored in
both phases using the WHAAM application. Two observation
frameworks were set for the baseline including leisure time and during
activities of the Care Center, while three observation frameworks were
defined for the intervention phase including leisure time, during
activities of the Care Center, and during the intervention. The duration
of each observation was 20 min and two observations per behavior
were carried out each day. The total number of observations for each
behavior was 30. Cognitive training using the BrainHQ software was
applied as an intervention. Participants were trained three times per
week with an average duration of training being some 30 min per
session. Once the training was completed, the neuropsychological
evaluation was performed following the baseline procedures.

S2 was conducted in a primary school in Chalkidiki Province,
Greece. Thirty sessions of cognitive training using the BrainHQ
platform were used as an intervention with a frequency of three times
per week and an average duration of 45 min per session. The training
was mainly performed at school as well as at the participant’s home.
Before the intervention, neuropsychological and educational
evaluations were performed. A neuropsychological assessment was
conducted by an experienced clinical psychologist following the
procedures described in the previous study (S1). The educational
evaluation was performed by a (disabilities) specialist educator, and it
was focused on five domains including speaking, writing, psychomotor
skills, mental abilities, and emotional organization. The educational
evaluation was based on direct and systematic observations as well as
informal tests. Moreover, an observation diary was used to monitor
the participant’s behavior daily. Additionally, the emotional state was
assessed through the AffectLecture application both before and after
each training session. Once training was completed, the
neuropsychological and educational assessments were repeated.
Moreover, a semi-structured interview between the specialist educator
and the participant’s mother was conducted to assess any possible
improvement in the student’s emotional state observed after the
training sessions, the effect of emotional state on his school
performance, as well as the effect of performance on his emotional
state overall.
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TABLE 1 A summary of participant characteristics and technologies used in studies S1-S5.

10.3389/feduc.2023.1150239

Study Number of participants Participants’ characteristics Technology used
S1 6 recruited Mean age: 19.6+5.03 years. WHAAM application
3 dropped-out The group of participants included: BrainHQ platform
3 completed the study a 15years old diagnosed with mild intellectual disability.
a 19years old suffering from severe intellectual disability.
a 25years old diagnosed with cerebral palsy and right hemiplegia.
Gender: All female
S2 1 Age: 8years old AffectLecture application
Gender: Male BrainHQ platform
Body Mass Index (BMI): 21.4 Kg/m?
Diagnosis: Simpson-Golabi-Behmel syndrome.
Phenotypic traits: Dysmorphia, macrostomia, macroglossia, benign
congenital hypotonia, nephromegaly, umbilical hernia, squamous chest,
square palms and two extra nipples.
S3 1 Age: 10years old AffectLecture application
Gender: Male BrainHQ platform
BMI: 24.1 Kg/m?
Diagnosis: Special learning disorder, visual motor disorder and ADHD
characteristics.
S4 3 Heterogenous group of participants including: WHAAM application
a 17-year-old male diagnosed with Williams syndrome, antisocial
behavior and inattention.
a 15-year-old female diagnosed with intellectual disability and
inattention.
a 13-year-old female diagnosed with ADHD, obsessive compulsive
disorder (OCD), oppositional defiant disorder and special learning
difficulties.
S5 43 Mean age: 11.82+2.81 years. ADHD360 platform
2 groups: Gender: 28 male (65%) and 15 female (35%).
ADHD: 18
Healthy controls: 25

TABLE 2 A list of targeted behaviors that were monitored using the WHAAM app in S1 and S4.

Participants

Targeted behaviors to be monitored using WHAAM app

S1 S4
1 Easily distracted by things around them Antisocial behavior
She is in a good mood Inattention
She feels worried
2 She gets angry and sad Inattention

She has manifestations of shame

3 She is cooperative and easy-going

Rude behavior toward peers and caregivers

Destruction of objects belonging either to herself or to others

Physical aggression

Interrupting or interfering with conversation with others

The third study (S3) was conducted in a primary school in
Thessaloniki Province, Greece. In total, 40 training sessions through
the BrainHQ platform were used as an intervention, which was
performed at school as well as at the participant’s home. The frequency
of training was three times per week for a total duration of 6 weeks,
while the last 2weeks of the training were performed daily with a
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duration of training of some 45min per session. Before the
intervention, a neuropsychological evaluation was performed by an
experienced psychologist following the procedures described in the
previous study (S1). Moreover, an observation diary was used to
monitor the participant’s behavior daily. Emotional states were
evaluated through the AffectLecture application both before and after
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each training session. The neuropsychological assessment was
repeated after completing the training. Furthermore, a semi-
structured interview was performed between the teachers and the
participant’s mother to discuss any noticeable possible improvement
in cognitive skills and emotional states after the intervention, the
impact of emotional states on school performance, as well as the
possible effect of school performance on the emotional state overall.

In the fourth study (S4), the WHAAM application was used as the
monitoring tool while operant conditioning techniques were
implemented as an intervention. The study was conducted in Volos
Orphanage, Greece, from 15 July 2016 to 15 September 2016. The
evaluation of the intervention was performed through effect size
calculations by the app. Targeted behaviors defined for each
participant are described in Table 2.

S5 consisted of a two-phase non-randomized controlled pilot
study conducted in the context of the ADHD360 project, the objective
was to explore whether the ADHD360 platform could facilitate early
detection of ADHD characteristics as well as serve as an intervention
for ADHD management. Due to the COVID-19 outbreak, the study
was performed remotely from Ist April 2020 to 30th December 2021.
A thorough description of the study protocol is available in Pandria
et al. (2022).

2.3.3. Statistical analysis

In three out of five studies (S1-S3), IBM SPSS (Version 23) was
used for statistical analysis at a significance level of 0.05. In more
detail, descriptive statistics were calculated and presented along with
effect sizes automatically produced by the WHAAM app in the first
study. Studies S2 and S3 followed a similar methodology conducting
descriptive statistical analysis. Additionally, continuous variables such
as scores from neuropsychological evaluation and AffectLecture data
were explored for normality assumption using the Kolmogorov—
Smirnov test both before and after the intervention. Wilcoxon Signed
Ranks Test was performed in both studies (S2, S3) to explore possible
changes in continuous variables before and after the intervention. In
S2, Spearman’s rho correlation index was calculated to assess the
correlation between the emotional state before the intervention and
the performance evaluated as collected “stars” during the game, the
emotional state after the intervention and the performance, as well as
the performance and the number of training sessions. Apart from the
aforementioned analysis, Spearman’s rho correlation index was
computed to evaluate the correlation between the difference in the
emotional state (post-pre intervention) and the performance, the
scores in the Double decision exercise and the Mind Bender exercise,
and the participant’s performance, respectively, in the S3. S4 used
effect sizes automatically produced by the WHAAM app as measures
to evaluate the effectiveness of the intervention applied. Statistical
analysis in the last study (S5) was performed using IBM SPSS (Version
26) at a significance level of 0.05. Continuous variables were explored
for normality by the Shapiro-Wilk test and then reported either as
mean + standard deviation or as median and interquartile range Q1-
Q3, where QI and Q3 are the first and the third distribution quartiles,
respectively. Categorical data were reported as frequencies and
percentages. State-of-the-art machine learning (ML) algorithms were
implemented to analyze labeled gameplay data targeting to reveal
discriminative patterns between the two groups (ADHD and
non-ADHD) and estimate the likelihood of having ADHD
characteristics. A train-test data splitting (75:25 split ratio), a k-fold

Frontiers in Education

10.3389/feduc.2023.1150239

cross-validation procedure with k=3, an ML pipeline, and data
analysis form a schema that is thoroughly described in Pandria
et al. (2022).

3. Results
3.1. Study S1

311 Casel

Case 1 refers to a 19-year-old female participant who was suffering
from a severe intellectual disability. Three behaviors were targeted as
shown in Table 2. Fifty-nine frequency-based observations were
performed for the behavior “Easily distracted by things around them”
where 30 out of 59 were completed before the intervention while 29
out of 59 were performed after the intervention. The mean frequency
of behavior occurrence was 5.80+6.91 and 2.52 +2.38 before and after
the intervention, respectively. The effect size automatically calculated
by the app was —0.209 showing that the intervention had a small effect
on the decrease in behavior occurrence (Figure 1). Fifty-seven
frequency-based observations were performed for the behavior “She
is in a good mood” where 31 out of 57 were implemented at baseline
while the remaining observations were performed after the
intervention. The average frequency of behavior occurrence was
5.42 +4.87 before the training and 5.85+ 3.52 after the intervention.
The effect size was calculated to be 0.401 showing that the intervention
had a medium effect on the increase in behavior occurrence (Figure 2).
Fifty-six frequency-based observations (baseline: 30, post-training:
26) were conducted for the behavior “She feels worried” A reduction
in the behavior occurrence was observed as the average frequency of
behavior occurrence was 1.33+2.43 at baseline and 0.15+0.46 post-
training. However, the effect size was calculated to be —0.099
indicating that the intervention did not affect the occurrence of
behavior (Figure 3).

3.1.2. Case 2

Case 2 refers to a 15-year-old female participant diagnosed with
mild intellectual disability. Sixty duration-based observations were
performed (30 observations before and after the intervention) about
the behavior “She gets angry and sad” The mean duration of the
12.77+423.29min at baseline and
1.00 + 5.48 min after the intervention. The effect size was calculated to

behavior occurrence was

be —0.223 indicating a small effect of intervention in decreasing the
behavior occurrence (Figure 4). Moreover, 59 observations were
conducted (30 at baseline; 29 post-training) for the behavior “She has
manifestations of shame” The mean frequency of behavior occurrence
was 0.80+1.80 and 0.07+0.26 before and after the intervention,
respectively. Furthermore, an effect size equal to —0.15 showed that
the intervention had a small effect on the reduction of behavior
occurrence (Figure 5).

3.13.Case 3

Case 3 refers to a 25-year-old female participant diagnosed with
cerebral palsy and right hemiplegia. Fifty-eight frequency-based
observations were focused on the behavior “She is cooperative and
easy-going.” Thirty observations were conducted at baseline whereas
28 observations were conducted after the intervention. The average
frequency of behavior occurrence was changed from 4.53 +3.55 before
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(A) Line graph of frequency-based observations about the behavior “Easily distracted by things around them"” before and after the cognitive training
through the BrainHQ platform. (B) Effect size calculated by the WHAAM application. Data displayed refer to Case 1 (S1).
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FIGURE 2
(A) Line graph of frequency-based observations about the behavior “She is in a good mood” before and after the cognitive training through the
BrainHQ platform. (B) Effect size calculated by the WHAAM application. Data shown refer to Case 1 (S1).
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(A) Line graph of frequency-based observations about the behavior “She feels worried” before and after the cognitive training through the BrainHQ
platform. (B) Effect size calculated by the WHAAM application. Data shown refer to Case 1 (S1).
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FIGURE 4
(A) Line graph of duration-based observations about the behavior “She gets angry and sad” before and after the cognitive training through the BrainHQ
platform. (B) Effect size calculated by the WHAAM application. Data shown refer to Case 2 (S1).
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(A) Line graph of frequency-based observations about the behavior “She has manifestations of shame” before and after the cognitive training through
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the BrainHQ platform. (B) Effect size calculated by the WHAAM application. Data reported refer to Case 2 (S1).
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training to 5.86+2.26 after training. An effect size equal to 0.462
showed that the intervention had a medium effect on the increase in
behavior occurrence (Figure 6).

3.2. Study S2

The participant in S2 scored higher in the neuropsychological
evaluation after training (Table 3) compared to baseline (W=—3.070;
p=0.002). Furthermore, the emotional state improved after the
intervention compared to the baseline (W =—3.000; p=0.003). The
participant performance in BrainHQ measured as the number of stars
gained during the training was positively correlated to the emotional
state both before (r=0.768; p<0.001) and after (r=0.896; p<0.001)
the intervention (Figure 7). Additionally, the performance was
positively associated with the number of training sessions (r=0.650;
p<0.001; Figure 8). Educational evaluation in the two phases showed
improvement in reading speed, phonological awareness, vocabulary,
and handwriting. Moreover, interpersonal peer relationships improved
after the training.

3.3. Study S3

Improvement was shown in neuropsychological tests (W=—1.901;
p=0.057; Table 3) and the emotional state (W=—-3.382; p=0.001;
Figure 9) compared to baseline. A significant positive correlation was
observed between the participant performance in BrainHQ training
and the change in the emotional state (r=0.415; p=0.008; Figure 10),
as well as between the performance and the emotional state after the
training (r=0.433; p=0.005; Figure 10). However, performance in
BrainHQ training was not associated with the emotional state before
the training (r=-0.255; p=0.112). Moreover, the performance in
training was positively correlated with the number of training sessions
(r=0.436; p=0.005; Figure 11). The training performance in Double
decision (r=0.675; p=0.032) and Mind Bender (r=0.629; p=0.016)
exercises was positively correlated with the number of training
sessions (Figure 12). Exercises focused on attention, intelligence,
social skills, and brain speed or exercises enriched with audio feedback
were the most preferred while memory and navigation exercises were
considered challenging. The semi-structured interview revealed that
improvement was shown in phonological awareness, reading, writing,
concentration, descriptive reasoning, and social interactions.
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Moreover, his attitude toward school and home changed positively
and his school performance was improved.

3.4. Study S4

34.1. Casel

Case 1 stands for a 17-year-old male participant diagnosed with
Williams syndrome, antisocial behavior, and inattention. Five
observations were performed in the reading room (three out of
five), in the yard (one out of five), and in the living room (one out
of five) focusing on his antisocial behavior before the intervention
was applied. Going out for shopping was used as operant
conditioning rewarding method when he showed more sociability.
Four observations were performed after the intervention. The effect
size was calculated to be 0.537 indicating that the intervention had
a large effect on the increase of the behavior occurrence.
Furthermore, four observations were conducted focusing on
the inattention before and after the intervention was applied. In this
case, a walk was used as operant conditioning rewarding method
when the desired behavior (increased attention) occurred.
The effect size was calculated to be —0.462 showing that the
intervention had a medium effect on the decrease of the
behavior occurrence.

3.4.2.Case 2

Case 2 refers to a 15-year-old diagnosed with intellectual
disability and inattention. Four observations were performed
focusing on her inattention both before and after the intervention
was used. As an intervention, another child gained the stickers
intended to be given to her. The effect size was found to be —0.167
showing that the method used had a small effect on reducing the
behavior occurrence.

3.4.3.Case 3

Case 3 refers to a 13-year-old diagnosed with ADHD, obsessive—
compulsive disorder (OCD), oppositional defiant disorder, and special
learning difficulties. Four observations were conducted focusing on
reducing occurrence of the rude behavior toward peers and caregivers
both before and after the intervention was applied. A walk was used
as operant conditioning rewarding method every 5 days the behavior
did not occur. The effect size was computed to be 0.139 showing that
the method applied had a small effect on increasing the behavior
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FIGURE 6

(A) Line graph of frequency-based observations about the behavior “She is cooperative and easy-going” before and after the cognitive training through
the BrainHQ platform. (B) Effect size calculated by the WHAAM application. Data shown refer to Case 3 (S1).
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TABLE 3 Neuropsychological test scores found in S2 and S3.

Targeted behaviors to be monitored using WHAAM app

Neuropsychological tests Scores before the intervention Scores after the intervention Min-max
S2 S3 S2 S3 S2/S3
Block design 15 12 20 30 (0-69)
Picture sequencing 7 15 19 21 (0-64)
Digit Span forward 5 9 6 8 (0-16)
Digit Span backward 4 3 5 5 (0-14)
Raven A 10 9 12 9 -
Raven AB 8 9 11 11 -
Raven B 4 5 9 11 -
Maze 8 7 10 12 (0-28)
Emotion in the eyes 22 16 23 13 (0-28)
Emotion in the face 20 14 24 15 (0-27)
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FIGURE 7

(A) Correlation of performance in BrainHQ measured as the number of stars gained during the training with the emotional state reported in
AffectLecture app before the intervention. (B) Correlation of performance in BrainHQ measured as the number of stars gained during the training with
the emotional state reported in AffectLecture app after the intervention. Data shown refer to S2.

occurrence. Furthermore, eight observations were performed
targeting the decrease of the behavior “Destruction of objects
belonging either to herself or to others” before the implementation of
the intervention. Photocopies of her favorite game were used as
operant conditioning rewarding method. Four observations were
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performed after the intervention was applied. The calculated effect size
was 0.305 indicating that the method used moderately affected the
increase of behavior occurrence. Targeting the reduction of physical
aggression, the loss of caregivers attention due to her behavior was
used as an operant conditioning approach. Four observations were
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conducted through the WHAAM application both before and after
the intervention was applied. The computed effect size was —0.483
showing that the approach applied had a moderate effect on decreasing
the behavior occurrence. Focusing on reducing interruption or
interference in conversation with others, her favorite stickers were
given as an operant conditioning method. Four observations were
conducted both before and after the intervention was applied. A small
effect on behavior occurrence reduction was revealed by an effect size
equal to —0.204.

3.5. Study S5

Neuropsychological and gameplay data were available from 30 out
of 43 participants. Healthy controls (non-ADHD group) scored higher
in WISC-V subscales and lower in ADHD Rating Scale-IV (see
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FIGURE 8

Correlation of performance in BrainHQ measured as the number of
stars gained during the training with the number of training sessions.
Data shown refer to S2.

10.3389/feduc.2023.1150239

reference Pandria et al., 2022). Applying the machine learning
methodology described in Pandria et al. (2022), Support Vector
Machine emerged to be the most suitable algorithm as it features the
best tradeoff between validation performance and goodness of fit
while achieving the highest validation F1 score. Furthermore, the
evaluation of the data analysis system showed that it has a notable
capacity to classify gameplay behavior as either ADHD or non-ADHD.

4. Discussion

The inherent but paramount obstacles of existing traditional
monitoring tools relying on pen-and-paper methods are related to
data loss, difficulty in synchronous monitoring at different settings,
the need for real-time recognition and interpretation of behavior, as
well as subjectivity biases. To address these challenges, a set of
technological tools were either on purpose developed or repurposed
to enhance the educational and interventional arsenal regarding
behavioral difficulties, developmental disorders, and special education.
More specifically, this study explains how the WHAAM (Spachos
etal, 2014), the AffectLecture application (Siouli et al., 2017, 2020),
the ADHD360 (Pandria et al., 2022), and BrainHQ platforms
(Romanopoulou et al., 2021) were designed and implemented or
deployed as pilot intervention. Four case series studies (S1-54) along
with a pilot study (S5) were presented integrating different
technological solutions for monitoring, thereby highlighting multiple
aspects of behavioral monitoring and its benefits in special education
and behavioral difficulties.

The importance of behavioral monitoring has been described as a
crucial step in providing efficient interventions to students including
those with BD (Lane and Walker, 2015). Among the available
behavioral monitoring tools, systematic behavioral monitoring (SBM)
is considered to be the “gold standard” as it provides a precise snapshot
of behavior when it occurs (Riley-Tillman et al., 2005; Lane and
Walker, 2015). This facilitates the identification and monitoring of
targeted behaviors providing information about the frequency,
duration, and intensity of a behavior during a definite time period

FIGURE 9

state was reported in the AffectLecture app.
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emotional state reported in the AffectLecture app after the intervention. Data shown refer to S3.
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Correlation of performance measured as the number of stars gained
during the training with the number of training sessions. Data
displayed refer to S3.

(Merlo et al., 2018). Although its feasibility in school settings is limited
by resource drain, it has been used as a screening, diagnostic, and
monitoring tool (Riley-Tillman et al., 2005). SBM is integrated into
Functional Behavioral Analysis (FBA) which is a descriptive
behavioral assessment tool that includes direct and indirect
observations and behavior measurements (Hanley, 2012). FBA focuses
on identifying the function of targeted behavior by collecting
information about the antecedents, the consequences, and the
behavior itself (Gresham et al., 2001). It is recognized as a best practice
approach in designing effective interventions for individuals with BD
(Pelham et al., 2005).

During the last few years, different technological systems were
developed to facilitate behavioral evaluation (Hser et al, 2001)
providing selectively one feature of the FBA process (i.e., behavioral
charts, counters, and video recording) (Merlo et al., 2018). However,
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the WHAAM application supports the entire FBA process from
identifying a targeted behavior to evaluating an intervention that
targets it. In parallel, it enables the creation of a virtual network of
people involved in the user’s care promoting cooperation between
them (Merlo et al, 2018). It constitutes a paradigm of how
technological solutions can apply the FBA approach supporting the
application of different interventions and investigating their
effectiveness as described in S1 and S4. By integrating the WHAAM
application into studies S1 and S4, it was possible to evaluate the effect
of the intervention applied, namely, cognitive training through
BrainHQ and operant conditioning strategies, respectively, thereby
highlighting the positive outcomes in most monitored behaviors.
Behavior, cognition, decision-making, memory, and learning
outcomes are affected by emotional state (Pierre and Oughton, 2007;
Shephard, 2008; Siouli et al., 2017) pointing out the need of having
tools to monitor the emotional state and use this information to
further assess its association with intervention effectiveness. The
proliferation of sensor-based technologies and smartphones has
favored the development of systems that can recognize, process,
interpret, and stimulate human emotions (Picard et al., 2004; Kanjo
et al, 2015). Self-monitoring, physiological measurements and
behavioral observations can be used to reflect affective sensing (Mauss
and Robinson, 2009). Self-monitoring is the most traditional and
explicit way to collect information related to a person’s emotional state
(Kanjo etal., 2015). For this purpose, verbal scales, animated cartoons,
or pictograms have been used (Kanjo et al., 2015) and systems such as
the Self-Assessment Manikin (Bradley and Lang, 1994) and the
Emocards (Desmet et al., 2001) have been developed. More recently,
self-monitoring was employed by smartphone applications such as the
Mappiness (Mac, 2011) and WiMo (Mody et al., 2009) as well as by
the most of commercially available and research-based systems (Kanjo
etal., 2015). Similarly, we developed a hybrid mobile application, the
AffectLecture app, which serves as self-reporting emotion-registering
tool to monitor emotional states (Siouli et al., 2017, 2020). It provides
a five-level Likert scale which is displayed using emoticons. The
AffectLecture app was used to evaluate the emotional state of the
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(A) Correlation of performance in Double decision exercise (BrainHQ platform) with the number of training sessions. (B) Correlation of performance in
Mind Bender exercise (BrainHQ platform) with the number of training sessions. Data reported refer to S3.

participants in the studies S2 and S3 and using this information to  accelerated the transition to remote monitoring and treatment
further assess the association of emotional state with intervention  according to users’ (unmet) needs and risks improving health-related
effectiveness. Both studies indicated that emotional state was  outcomes (Pronovost et al., 2022). Remote monitoring at home has
improved after cognitive training performed through BrainHQ and  been considered to provide potential safety benefits contributing to
revealed a positive correlation between the performance in cognitive  the transformation of care (Pronovost et al., 2022). It is therefore
exercises and emotional state after the intervention. The performance  anticipated that technological tools related to monitoring may
in cognitive training was positively correlated with the emotional state ~ be considered valuable for the field of education and health as they
before training in S2 but not in S3. Furthermore, a positive correlation ~ enable the evaluation of the effectiveness of an intervention, the
between the change in emotional state and performance was  outcomes related to education, health, and emotional states, the
mentioned only in S3. associations between the emotional state with intervention
The game performance has also been employed as a behavioral  effectiveness, as well as the early detection of ADHD characteristics
monitoring tool leading to meaningful information such as digital ~ through discriminative in-game patterns.
biomarkers in cognitive impairment (Gielis et al., 2019), motor signs To conclude, this study is mostly a collage of unpublished and
in Autism Spectrum Disorder (Bondioli et al., 2021), and ADHD-  unreported studies (S1-S4), which despite their inhomogeneous
related discriminative gameplay patterns (Pandria et al., 2022)  designs, possess a common underlier, which is the empowerment
supporting early diagnosis, disease monitoring, and management.  offered by technology in alleviating some of the burden associated
Toward this direction, preliminary analysis of the ADHD360 pilot  with behavioral difficulties in special education. Obviously, one needs
study (S5) indicated that the platform was considered to have a  to expand this case study series into a proper set of interventional
notable capacity to classify users either as ADHD or non-ADHD  clinical/educational trials, to create solid evidence and produce
based on their in-game patterns. It is believed that this could recommendations. However, the feasibility of using the technological
potentially serve as a complementary screening tool providing benefits  tools described herein as well as their positive findings and the lessons
to people diagnosed with ADHD or their associated educators and  learned should be considered as useful motivators for knowledge
healthcare professionals. building and should not be underestimated.
All studies reported here support the argument that technology
may have multiple roles in monitoring behavior and may enhance our
capacity in confronting behavioral difficulties in education. However, Data availabili ty statement
none of the studies is free of limitations. Two out of five studies were
case studies, two out of five studies were case series, and one out of five The original contributions presented in the study are included in
studies referred to a two-phase non-randomized controlled pilot  the article/supplementary material, further inquiries can be directed
study. Heterogeneity in study design and participant profile is another  to the corresponding author.
limitation. Additionally, only one out of five studies (S5) recruited
healthy controls. However, all studies take advantage of tools for
different monitoring purposes. The COVID-19 outbreak highlighted Ethics statement
the necessity of continuous monitoring of behavior along with other
psychological challenges such as herd behavior, misinformation, and The studies involving human participants were reviewed and
stigmatization (Betsch et al., 2020). Furthermore, the pandemic has  approved by the Bioethics Committee of the Medical School of the
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