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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is
a behavioral syndrome where inattention and/or
hyperactivity impair social, academic or
occupational function. Cognitive impairments in
temporal abilities and delay aversion have been
related to ADHD. The aim of this study is to
design a game-like software that assesses
temporal perception for the early detection of
ADHD. Method: Two groups of 7 to 10 children
(17 with ADHD and 17 control children) were
compared on their performance on four game-
like software based on Delay Aversion,
Anticipation, Synchronization Tapping and Time
reproduction experimental tasks. Results: All
games detected significant differences between
groups in accuracy or variability. The
Discriminant function correctly classified 82.4%
of the cases. Conclusions: Although the
conversion of experimental tasks into game-like
software implies a compromise between
experimental rigour and screening efficiency, the
use of videogames to measure cognitive
processes is a potential tool for preventive
healthcare.
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desempefio en cuatro juegos computarizados basados en
cuatro diferentes paradigmas experimentales: Aversion a la
Postergacion, Anticipacion, Sincronizacién y Reproduccién
Temporal. Resultados: Todos los juegos mostraron
diferencias significativas en cuanto a precisién o variabilidad
para alguna de las condiciones. El andlisis discriminante
clasifico correctamente 82,4% de los casos. Conclusion: A
pesar del compromiso que existe entre la rigurosidad de una
tarea experimental y su conversiéon a un formato ludico
computarizado, el uso de videojuegos para medir procesos
cognitivos es una potencial herramienta en el campo de la
salud preventiva.
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1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is
a neurodevelopmental disorder characterized by a
pattern of symptoms of inattention, overactivity
and/or impulsiveness, that are age inappropriate,
persistent, pervasive, and present in multiple settings

(e.g., school and home) (APA, 2000; DSM-IV-TR).
Although it is typically first diagnosed in childhood,
ADHD can substantially affect individuals across their
lifespan. In Uruguay, close estimates on a 6-11-years-
old sample describe a prevalence of 7.6% (Viola &
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Garrido, 2009).

Despite all this, there is not a fully acquainted
explanation of the nature of these impairments and
no single test to make a diagnosis. Several studies on
cognition have tried to explain the underlying
cognitive impairments of ADHD. Although there is not
a consent on what best explains ADHD behavior,
previous studies have found that ADHD is significantly
related to delay aversion (Dalen, Sonuga-Barke, Hall &
Remington, 2004; Solanto, Abikoff, Sonuga-Barke &
Schachar, 2001), deficits in inhibitory control (Barkley,
1997), reaction time variability (Castellanos et al.,
2005), basic information processing (Salum et al,
2014), and emotional deficits (Martel, 2009). There is
also a large amount of evidence from different
experimental paradigms of an impairment in
temporal processing in the domains of temporal
reproduction (Smith, Taylor, Rogers, Newman & Rubia,
2002), time discrimination (Toplak, Rucklidge,
Hetherington, John & Tannock, 2003; Toplak &
Tannock, 2005b), anticipation (Rubia, Halari,
Christakou & Taylor, 2009) and synchronization
tapping (Toplak & Tannock, 2005a).

The dual pathway model explains this
heterogeneity as two more or less independent
patterns of deficit, each affecting some ADHD
patients: one mediated by inhibitory based executive
dysfunction and the other linked to altered signalling
of delayed rewards (Sonuga-Barke, 2002). In a recent
contribution, Sonuga-Barke, Bitsakou and Thompson
(2010) proposed that timing, inhibition and delay
deficits in ADHD are dissociable from each other and
that substantial sub-groups of patients might be
affected in only one domain. This runs counter with
proposals of timing deficits being the underlying core
of the diverse range of problems seen in ADHD
supported by other authors, and proposes
multidimensional models of ADHD to better explain
the disorder.

Traditionally, ADHD is diagnosed through a
clinical interview where experts mostly evaluate
behavioral symptoms related to the disorder like
inattention, hyperactivity and impulsivity. To assist
the diagnostic process, professionals use standardized
questionnaires to request information from parents
and teachers, like the Conners 10 - Symptom
Abbreviated Questionnaire (Conners, 1973) or Child
Behavior Ckeck-List CBCL (Achenbach & Edelbrock,
1983). However, many studies have shown that
therapists do not weigh all diagnostic criteria equally,
even though this is a requirement in both the DSM-IV
and the ICD-10, but they are influenced by their
subjective  assumptions about the disorder
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(Briichmuller, Margraf & Schneider, 2012). Thus,
becoming an identified ADHD patient is influenced by
the gap between children behavior and the
expectations of the adults about how children ought
to behave (Moffitt & Melchior, 2007). This has led to
several attempts of developing objective
questionnaires and tests on the core domains (mainly
attentional) in which children with ADHD are
impaired, such as the Continuous Performance Test
(Barkley, 1991), the Test of Variables of Attention
T.O.V.A. (Forbes, 1998) and the Letter Cancellation
Test (Lezak, 1983) which would assist professional
diagnosis. Put together with the growing ability to
recreate complex scenarios and control experimental
variables, videogames have been used to analyse
complex quantitative data on subjects’ actual
behavior in the executive functions domain (Heller et
al., 2013). The results for sensitivity and also specificity
reported in this study (-about 75 % for different
clinical groups) make game-like software a potential
effective tool to assist diagnosis.

A promising approach to contribute to this
scenario is identifying problems that might affect
development in children as early as possible in order
to better understand the nature of the impairments
which could provide more effective interventions. The
first critical step to diagnosing and providing help for
children is for healthcare providers and early
education providers to perform high-quality first-level
developmental screenings on all children, not just
those with suspected problems. Screening tests must
take a short time of application, be inexpensive to
administer and score, be acceptable to patients,
produce reliable results and have adequate validity.

As with diagnosis, recent research on cognitive
impairments associated with ADHD provides
evidence that can be used to develop accurate
performance-based screening tools. Together with
the advantages related to game-like software stated
above and the extent of today's connectivity,
videogames could provide a powerful ground for
massive screening, allowing the possibility of
assessing behavior and cognitive processes and being
attractive to children (Riveros, Sepulveda, Figueroa &
Rosas, 2015). Videogames are intrinsically motivating
which may enable the assessment of several cognitive
processes  without  hampering  performance.
Enhancing motivation, however, must be done
cautiously (Ryan, Rigby & Przybylski, 2006).

Research on temporal processing has used game-
like software as an experimental paradigm with
significant differences between control and ADHD
groups (Toplak & Tannock, 2005a; Rubia, Taylor, Taylor
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& Sergeant, 1999). These differences decrease with
reward delivery but persist in a temporal reproduction
task (Mcinerney & Kerns, 2003). Although this shows
that performance impairment is not explained by
motivation only, there is a decrease in the
performance difference between groups that might
come from transforming these tasks into game-like
structures.

Taking these matters into consideration, we
designed a game-like software that assesses temporal
processing and delay aversion. This software was
applied to a sample of children with ADHD and a
control group of children with typical development
(aged 7 to 10). Turning experimental tasks into
videogames for a potential screening tool required a
compromise between experimental rigour and
screening tool efficiency (easy to apply, short and
attractive for children). By combining paradigms from
temporal processing and delay-related deficits we
expected to identify different performance-based
measures that would discriminate both groups. We
then analysed the strength of these games as a
potential screening tool. As a result, the games
correctly identified 82.4% of both ADHD and control
participants.

2. Method

2.1. Participants

Two groups of children participated in this study:
17 children (M = 9.17 yo; SD = 1.17; 76.5% male) with
a confirmed clinical diagnosis of ADHD based on
DSM-IV criteria and 17 control children (M = 9.25 yo;
SD = 1.09; 64.7% male). All participants had self-
reported good vision and hearing. They were
recruited through advertisement at the pediatric
office as well as from the referents and staff of the
pediatric neuropsychiatry office from Montevideo’s
Police Hospital. According to the protocol approved
by the local Research Ethical Committee of the Faculty
of Psychology and in accordance with the 2008
Declaration of Helsinki, all children had the informed
consent form signed by their parents or legal
guardians in order to participate.

Participants had a clinical diagnosis based on the
following: (I) semi-structured interviews conducted
separately with parents and children by healthcare
professionals from the Hospital’'s Neuropsychiatry
Department; () Conners’ Rating Scales-Revised
(Conners, 1997) reported by parents and teachers to
obtain standardized measures of behavior; and (lll)
Wechsler Intelligence Scale (WISC IV) to provide an
estimation of intellectual ability and discard other
difficulties not associated with ADHD. We had
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previously excluded three participants from the
analysis because of low 1Q (IQ=62), psychomotor
impairments and failure to complete the whole
experimental phase.

2.2. Apparatus
Presentation and data collection were done using
a Toshiba Satellite L645-SP4025L (14 in., 60 Hz).
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