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Attention encompasses an individual's capacity to sustain, direct, maintain,
control their focus and behaviour. Appraisal of attentional skills are an
important component of comprehensive childhood assessments where
concerns for learning or behaviour are present as attention is strongly
associated with the ability to learn, regulate emotions, socialise, and
achieve (Diamond, 2013; Pondé et al., 2012; Ribner, 2020). Serious games
offer clinicians an innovative method with which to assess attention
development in young children that can increase motivation and
engagement (Fleming et al., 2017; Khaleghi et al., 2021; Lumsden et al.,
2016). Despite significant potential, adoption of serious games by clinicians
is complicated by the need for tools that are informed by robust theory,
have strong psychometric properties, are designed for the correct
population with recent norms, and that are supported by rigorous research
(American Psychological Association, 2020, 2021; Australian Psychological
Society, 2018; Pratt et al., 2018). This benchmark for design and evidence
is rarely met; resulting in few digital tools qualifying for clinical use
(Byambasuren et al., 2019; Lui et al., 2017; Marshall et al., 2020; Torous et
al., 2018; Wang et al., 2018).

The potential impact of digital health tools is more evident now in the
wake of the COVID-19 pandemic than ever before. Digital health tools
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such as serious games offer interactive, scalable resources that can be
accessed in-person or remotely (Torous et al., 2020). In addition to the
lack in availability of scientifically robust tools, real-world engagement with
digital health tools such as mental health apps remains a challenge
(Baumel & Kane, 2018; Gilbody et al., 2015; Torous et al., 2020). Given
emerging literature indicates the quality and design of digital tools
influence real-world user engagement (Baumel & Kane, 2018), high quality
and evidence-based serious games may enable more accurate monitoring
of client progress as well as adherence to intervention (Patel & Butte, 2020).

TALi DETECT (DETECT) is Software as a Medical Device (SaMD) successfully
navigating the research-practice divide. TALi DETECT is a scientifically
validated serious game designed to assess cognitive attention
development in children aged 4-7 years currently used by Australian
clinicians. The program assesses children’s abilities across three core
attention networks: selective, sustained, and executive attention (Fan et
al., 2002). Children complete a series of gamified subtests (games) within
set time or level limits and the games are designed based on established,
standardised assessments of attention and executive function. The games
are embedded in an imaginative storyline narrated by a character (avatar)
that children select at the start of the game. Children are guided through
the TALi world by their avatar and together they embark on an adventure
that involves helping various animals and creatures in the game to
complete tasks. Assessing children using these gamified, engaging stories
is a basic form of stealth assessment (Georgiadis et al., 2018; Wang et
al., 2015). Compared with traditional assessments, children lose sight of
the fact they are being assessed; instead immersed in a fun gaming
environment resulting in covert measurement of cognitive attention skills
in a naturalistic setting.

Some of the TALi DETECT games are simple and easy, tapping into less
sophisticated constructs such as one's visual search ability. Other games
are more difficult to complete due to increased cognitive demand on more
sophisticated constructs, such as one’s executive function skills (inhibitory
control and cognitive flexibility).
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Image 1: Welcome to TALi DETECT

Feed Whizz is one of the TALi DETECT games that has been designed to
assess a child's efficiency in visual information processing. This is
accomplished by measuring response speed to randomly appearing visual
targets. Feed Whizz is a gamified task based on the Simple Reaction Time
paradigm in cognitive neuroscience literature (Stebbins, 2007). While
children are playing this game, their responses enable exploration of the
psychological factors underlying their stimulus-response behaviour and
motor speed. Translating this task to a serious game enables young
children to both understand the requirement of the test, and to complete
the test without adult involvement with help from the avatar narrating the
story.

The second and third games —Look for Lobsters and Scan the Sky — are
designed to assess how quickly a child can locate targets in a crowded
visual scene. Children search for a particular object amongst a complex
array of objects enabling the evaluation of attention skills related to a
child's visual search efficiency.
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Image 2: TALi DETECT Visual search subtest: Scan the Sky.

Find the Frog is the fourth TALi DETECT game and is designed to assess how
effectively a child can monitor tasks and divide their attention. Children
monitor two events at the same time and make a considered response
when prompted by the game. Performance on this task enables evaluation
of visual search, vigilance, and divided attention skills.
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Image 3: TALi DETECT Divided attention subtest: Find the Frog

The fifth game —Don't Pat the Pig — is designed to assess how long children
can maintain their attention on a task. A series of animals (objects) are
presented one at a time in the centre of the screen in a fixed order.
Children are instructed by their avatar to watch the objects as they appear
on the screen and respond by pressing a button for every object, except
one. Performance on this game is an evaluation of attention skills related
to vigilance and inhibition. This game is based on Go/No-go paradigm
in cognitive neuroscience literature which when delivered in its original
format, would be an arduous test for young children to complete.
Gamification of this cognitive task in TALi DETECT has aided participation
and compliance from children with what would otherwise be laborious
neurocognitive test requirements.
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Image 4: TALi DETECT Sustained Attention to Response Task: Don't Pat the Pig.

The sixth game —Make Jam —is designed to assess how effectively a child
can inhibit an already initiated motor response or suppress an impulsive
behaviour. Children are asked to respond based on the instructions
presented by their avatar, pressing a left or right button if a target appears
or withholding a response to the target if it is rapidly followed by a stop cue.
This game is based on a very well-established cognitive paradigm called
Stop Signal Task (Logan et al., 2014) which measures inhibitory ability.

The final TALi DETECT game is Sort the Blocks where children are asked to
sort objects based on a particular sorting rule and switch from one sorting
rule to another when prompted. This game is designed to assess how
quickly a child can switch between different tasks and is based on a very
well-established cognitive paradigm called the Dimensional Change Card
Sort (Zelazo, 2006) which measures children’s cognitive flexibility.

TALi DETECT - and serious games in general - offer two potential benefits:
a uniform user experience, and a platform where a child’s responses are
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automatically recorded and scored. Although automatic response
recording and scoring are foundational elements of most games (Avila-
Pesantez et al., 2017; Hanneghan & Tang, 2011), the impact of an engaging,
objective, and accurate assessment provides a promising benefit to
clinicians. Serious games therefore not only limit the likelihood of human
error (Mrazik, Martin et al., 2015; Styck & Walsh, 2016) impacting test
interpretation, the objective data collected during gameplay can aid clinical
conceptualisation of development. The current version of TALi DETECT is
not designed as a standalone tool for diagnosing developmental delays
or neurodevelopmental disorders, instead providing additional data to a
clinician’'s formal assessment process along with relevant clinical
interviews, rating scales, cognitive and academic assessments.

To be used as a clinical-grade tool and counter the lack of evidence
underpinning many digital health tools, a validation study was conducted.
The validation study served two purposes. The first, was to evaluate the
psychometric properties related to latent factor structure of TALi DETECT
as a cognitive measure of attention. The study involved 340 neurotypical
children and structural equation modelling results confirm that six of the
games (cognitive subtests) provide foundational assessment of the three
key attentional domains. This means that TALi DETECT features a
comprehensive battery of diverse attention assessment tasks that facilitate
estimation of a child's strengths and weaknesses across major domains
of attention. This includes the ability to orient attention, referred to as
selective attention in neuroscientific literature; the ability to maintain
attention, referred to as sustained attention; and the ability to switch/
regulate attention, referred to as executive attention (Raz & Buhle, 2006).

The second purpose of the validation study was to determine the
convergent validity, reliability, and developmental sensitivity of TALi
DETECT as an effective psychometric tool. Validity is a term used in
psychology which is evaluated by investigating what psychological qualities
or constructs are measured by a test. Validity can be assessed in several
ways, and convergent validity for TALi DETECT was determined using
correlations between TALi DETECT and a well-established measure of the
same construct (attention); in this case, the Test of Everyday Attention,
Second Edition Junior (TEA-Ch2)) (Manly et al., 2016). The TEA-Ch2J is a
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measure of selective attention and sustained attention in children aged
5-7 years. Correlation analyses between five TALi DETECT games and
comparable gamified subtests from the TEA-Ch2J confirmed convergent
validity in the satisfactory range (~0.3-0.7; Carlozzi et al., 2017).

Reliability is another important psychometric property for a test. Reliability
is defined as the stability of scores obtained by a person when re-examined
with the same test multiple times. Stability of test scores across time is
important for longitudinal studies. High reliability in this context would
normally be considered at around or larger than 0.7 and an intermediate
reliability at around 0.6 (Fan et al., 2002). In testing the reliability of TALi
DETECT, two attentional domain scores showed acceptable reliability
(Selective and Sustained), while one showed lower reliability (Cognitive
Flexibility).

Associations of test scores with age reflect the validity of the tests for
measuring cognitive development during childhood. The effects of age on
the three latent variables were examined. Age was positively associated
with performance on selective attention, sustained attention, and cognitive
flexibility; indicating TALi DETECT has good developmental sensitivity.
Moreover, using the data collected through the study as a normative
sample, TALi DETECT provides clinicians with an index for a child's
attention-related cognitive capabilities relative to the reference group. This
is clinically important, as it allows for identification of children with
performance outside the typical range.

Overall, TALi DETECT provides an objective, performance-based measure
of cognitive attention during a child's early years to detect attention
vulnerabilities earlier in life. TALi DETECT illustrates the impetus for serious
games developers to engage in ongoing research that is informed by
robust scientific and clinical input to ensure high quality games are
scalable, safe, and show real-world utility. Although avenues for future
development of serious games in the digital therapeutic space are infinite
(Fleming et al., 2017; Floryan et al., 2020), a lack of investment in evidence
will likely result in the continued proliferation of digital health tools that are
not fit for purpose.
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