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Abstract
Objectives. Learning and performing new routines are difficult for children with
neurodevelopmental disorders. Studies have shown that consistency in child reinforcement and
parent support are effective. For example, digital solutions such as serious games can be used to
support parents and children in developing these life skills. The purpose of this study is to
evaluate the effect of a serious game on the performance of daily routines by autistic and ADHD
children. Method. A total of 201 families (parents and children) participated in the study. The
study used a combined 3 (intervention) X 3 (diagnosis) X 3 (time) research design with repeated
measures. Participants were randomly assigned to three intervention groups (serious game,
parental support alone and a combination of serious game and parental support) based on their
diagnosis (ASD, ADHD, neurotypical). Latent growth modeling and repeated ANOVAS were
performed to analyze routine scores collected at three moments (baseline, midpoint, persistence)
over an 8-week period. Results. Results show a moderating effect of diagnosis on child routine
trajectory. For ADHD participants, we observed a very important significant clinical effect for
two interventions (parental support and combination of serious game and parental support) where
for ASD children this effect is observed for only one treatment (combination of serious game and
parental support). For neurotypical children, results indicate a very important and significant
clinical effect when they use the serious game alone. Conclusions. Results show that the serious
game can improve children's routines. However, for some neurodevelopmental profiles (ASD or
ADHD) the addition of parental support produces greater clinical improvements.
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According to Fiese (2007), routines play a central role in child development. In addition,
other researchers have reported that they promoted harmonious family dynamics (Evans &
Rodger, 2008; Segal, 2004). A routine is defined as a sequence of clear and well-established
activities and rules related to everyday situations (e.g., getting up, getting ready for school,
eating, doing homework, or going to bed; Centre de recherche pour I’inclusion des personnes en
situation de handicap [CRISPESH], 2018; Mass¢ et al., 2011). Barkley (2020) indicates that
routines take different forms depending on the time of day (morning, home from school,
evening), the time of year (school or vacation), or the child's age. They also represent markers
that make the child aware of parental expectations and help the child benefit from a predictable,
stable, and safe environment (Fiese, 2006; 2007). Massé et al. (2011) determined that routines
also constitute a common ground between the child and parents about family rules. Studies
showed that this environment can, among other things, prevent the occurrence of some
behavioral problems (Bagatell, 2016), promote positive child participation (Coussens et al.,
2020), and solve common discipline problems related to getting ready for school, bedtime or
doing homework (Bridley & Jordan, 2012; Delemere & Dounavi, 2018). Lastly, several studies
demonstrated that routines contribute to the development of a child's independence, autonomy,
sense of responsibility, and self-esteem (George & Soloman, 2008; Martin et al., 2012).

In families of children with neurodevelopmental disorders such as attention
deficit / hyperactivity disorder (ADHD) or autism spectrum disorder (ASD), routines are
strongly associated with lower levels of externalizing and internalizing behavior (McRae et al.,
2019; Stoppelbein et al., 2016) and a higher quality of life (Bowling et al., 2019; Schlebusch et

al. 2016).
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A number of researchers reported that autistic and ADHD children find learning,
adopting, and performing new routines challenging mainly because they face difficulties with
executive functioning (Barkley, 2015a, 2015b; Sinzig et al., 2014). Although manifestations
might vary depending on the individual and diagnosis, these children often struggle with
activation, behavioral or emotional self-regulation, inhibition, cognitive flexibility, planning,
organization, attention, working memory, or time management (Barkley, 2015a; Sinzig et al.,
2014). For example, an emotional self-regulation issue might result in low motivation and
consequently hinder engagement and tolerance to delayed gratification. In contrast, behavioral
self-regulation difficulties could impair a child’s performance. Furthermore, poor planning,
organizing skills working memory and time management might interfere with a child's ability to
consistently prepare and coordinate routines. For autistic children, behaviors associated with
aggression (Hodgetts et al., 2013) and sensory processing (self-stimulation, sensory avoidance,
sensory seeking) represent the challenges faced with routine completion (Bagby et al., 2012;
Scaaf et al., 2011). In addition, their propensity to desire sameness could interfere with parents’
requests and expectations concerning routines (McRae et al., 2018).

With respect to parents of autistic and ADHD children, many studies highlighted the
challenges they have encountered in establishing and maintaining healthy, productive routines
(Hodgetts et al., 2013; Schaaf et al., 2011). Research showed that mornings, mealtimes,
homework, bedtime, and household chores were particularly difficult for them (Firmin &
Phillips, 2009; Taylor et al., 2008) requiring substantial parental guidance, consistency and
frequent reinforcement, which can become burdensome (see Bagby et al., 2012; Corcoran et al.,
2017). Sallee's (2015) study reports that parents feel overwhelmed, exhausted, and constantly

stressed with routines. Johnston and Mash (2001) also demonstrated that parental stress affects
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the relationship parents built with their child. This situation could lead to a decrease in positive
interactions or an increase in negative remarks, which, in turn, influence children’s self-esteem.
Larson (2006), stated that mothers of autistic children found it difficult to manage and maintain
routines in their families. In the case of ADHD, 10% to 20% of mothers and nearly 50% of
fathers report having ADHD symptoms themselves (Kessler et al., 2006). Such parental
difficulties might represent another risk factor interfering with the management of routines, as
expressed by Dawson et al. (2016), and Gray et al. (2020).

Several studies explored the effects of different interventions on routine completion.
Some authors suggested that an ABC (antecedents, behaviors, consequences) grid is useful in
helping parents understand the causes of certain problem behaviors and their impacts on routines
for autistic children from 3 to 9 years old (Lucyshyn et al., 2018; Sears et al., 2013) or for
ADHD children from 3 to 17 years old (Dekkers et al., 2022). Coaching and guiding children are
also considered important factors associated with the intervention successfully impacting daily
routines. Pictograms might help the autistic or ADHD child remember the sequence of steps in
the routine (Goldman et al., 2018) and could be related to time reminders (Barkley, 2020; Mass¢
etal., 2011). Banda et al. (2009) stated that visual interventions increase engagement and task
completion rates of elementary autistic children. Additionally, some authors recommended
supporting the child's problem-solving ability for ADHD children (Barkley, 2020; Mass¢ et al.,
2011). Consistency of the parents' expectations is also proved to be essential (Barkley, 2020).

While positive reinforcement has been successful with ADHD and autistic people across
the lifespan, several researchers specifically found that positive reinforcement encourages the
expression and perpetuation of expected behaviors and highlights the child's efforts and

improvements ADHD children from 3 to 17 years old (Dekkers et al., 2022; Sawyer et al., 2015)
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or autistic children from 3 to 9 years old (Sears et al., 2013). Concerning reinforcement, Slattery
et al. (2016) mentioned that positive child involvement is beneficial for ADHD boys from 9 to
12 years old. Kazdin (2013) also stated that effective reinforcement should meet certain
conditions (alternating different strategies, avoiding negative criticism, using visual techniques
such as a motivational chart or stickers). In sum, the process of planning and supervising daily
routines can be challenging for families and especially those involving children with
neurodevelopmental disorders. To ensure the effectiveness of interventions, constancy in child
reinforcement (Barkley, 2020) and parental support could provide valuable leverage (Lucyshyn
et al., 2018; Sears et al., 2013).

Recent studies also suggested that computer-based interventions, such as serious games,
might be useful in supporting routine completion for autistic and ADHD children. A serious
game is a digital solution that combines an educational and informative intention in a learning
environment using game components (Perron, 2012). Serious games can take many forms, from
console or computer to mobile games (Zheng et al., 2021).

In a literature review, Kokol et al. (2020) identified interventions using serious games for
children and young adults (ages 2-24) with developmental disabilities. Of the 145 studies, 45
were conducted with children with autism and 24 with ADHD children. These authors conclude
that these intervention procedures have the potential to regulate stress and emotions as well as
reducing anxiety of children with neurodevelopmental disorders.

In the area of ADHD, preliminary results from early studies support those conclusions.
For example, the literature review by Cibrian et al (2022) notes that serious games engage
children in the learning process and add a new range of intervention tools to support the

development of academic and life skills. By providing interactive experiences, serious game
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intervention can support behavioral motivation and improve engagement among children. In
their review, Zheng et al (2021) noted that the use of serious games as a treatment procedure
with these children improved daily life skills, increased enthusiasm and promoted positive social
interactions. More specifically, in relation to the executive functions, it has been observed that
some serious games can have a positive effect on attention, working memory and emotional
regulation. Some authors have also questioned possible gender differences. In this regard, only
one study (Bul, 2017) observed greater improvements for the girls.

Of the 19 articles analyzed by Sandgreen et al, (2021) in their meta-analysis on the use of
digital intervention with individuals with autism, 14 specifically targeted children. Of these, only
one used a serious game with 7-year-olds to support emotion recognition (Fridenson-Hayo et al.,
2017). The study, conducted over 8 weeks with an intervention group (n=34) and a control group
(n=40), revealed a small clinical effect (Cohen's d 0.40). Vallefuoco et al (2022) use the serious
game specifically for the development of daily living skills related to shopping procedures
(learning steps, attention toward tasks and problem solving) with adolescents (mean of 11.9
years). The study revealed a significant improvement in adaptive skills as measured by the
Vineland (VABS-II). Finally, in their review of the literature, Kokol et al. (2020) mentioned that
serious games can improve recognizing emotions, concentration, motivate attention and enhance
social life. These results show that this area of research is unfolding and that the use of this type
of intervention is more documented in the field of ADHD. According to Whyte et al, (2015),
serious game intervention could be complementary and cost-effective intervention methods that
can be used in a variety of settings.

Essentially, the studies emphasize that ADHD and ASD children have difficulty carrying

out their daily routines. The authors therefore insist on the importance of interventions
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supporting both children and parents. The present study used computer-based intervention to
improve routines of autistic and ADHD children. Specifically, the main objective was to
compare the effects of a serious game and parent coaching on the execution of daily
routines across diagnosis through a repeated measures research design.

Method
Participants

The sample size was set by with G*Power 3.1 (Faul et al., 2009) and the following
parameters were used: (1) effect size of 0.25 (proposed by Cohen, 1988); (2) Type I error of 5%;
(3) test power: Type II error of 80%; (4) 12 group comparisons; (5) three repeated measures; and
(6) a nonsphericity epsilon (g) correction criterion of 1. Calculations established a sample size of
192 participants leading us to a critical F of 1.57 (numerator degree of freedom of 22 and
denominator degree of freedom of 360) and an estimated statistical power of 0.80. Ethical
concerns related to the assignment of children with neurodevelopmental disorders in control
conditions (without any interventions) arose in the context of COVID-19 pandemic.
Consequently, the research team decided to eliminate this condition and limit the number of
groups to nine, thereby increasing the statistical power of the analyses (0.82).

Parents and children were recruited through a database created by the Neuro Solutions
Group. To be included in this database, parents provided information about the family status, the
number of children in the family and the technology they are currently using. For each child,
they also provided details about their neurodevelopmental profile (neurotypical, ADHD, ASD,
Intellectual disability) and specified if visual, motor or hearing impairments were present. They
also authorized the Neuro Solution Group to share sociodemographic information with the

research team. The list sent to researchers included this information as well as the contact details
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for 383 families. Among them, 320 met the following inclusion criteria: (1) family with a child
(neurotypical, ADHD or ASD) between 6 and 12 years of age; (2) residence in the province of
Quebec (Canada); (3) fluent in French; and (4) a Wi-Fi network. Children diagnosed with an
intellectual disability and those with motor or visual impairment, as reported in the database,
were excluded from the sample. All participants were contacted by email. The message included
a brief presentation of the research project and an internet link giving access to additional
information and a consent form. Electronic consent was preferred because the researchers
wanted to have a maximum of participants in a huge territory. A total of 201 children
participated in the study. This deliberate oversampling was intended to prevent a decrease in
statistical power due to possible attrition over time. Table 1 presents a description of children’s
gender and clinical profile.
INSERT TABLE 1 HERE

In regard to the parents’ profile, most mothers had either a college (29.8%) or a graduate
degree (52.3%), whereas a little more than two-thirds (68.9%) of the fathers had an
undergraduate degree. The majority (71.5%) of the families had an annual income of $75,000 or
more. It should also be noted that, on average, the families mentioned having experienced 2.09
stressful events since the beginning of the school year during which the study was conducted.
These events included the COVID-19 pandemic, access to new medical or psychosocial services
for their child, and adjustment of the child's medication. Lastly, parents provided information
about their past and current interventions on daily routines. Some of the most common
approaches used were parental supervision, direct help or assistance, medication, and cutting
back on their requirements of the child.

Procedures
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The study used a combined 3 (diagnosis) X 3 (intervention) X 3 (time) research design
with repeated measures of the time variable. Initially, the 201 participants were classified by
diagnosis and then randomly assigned to one of the three intervention groups. Table 2 shows the
distribution of participants.

INSERT TABLE 2 HERE

In Group 1 both children and parents were targeted by the intervention. Children had access to a
beta version of a serious game (Kairos) providing support and rewards for the accomplishment of
daily routines (e.g., breakfast, making the bed, doing homework, brushing teeth). At specific
moments (scheduled by the parents in the private section), the avatar sent a reminder to the
children and invited them to perform a specific routine. The avatar also helped them by
presenting its steps. Once completed, the routine is immediately reinforced by appraisals from
the avatar. The Kairos application then prompted the parents to confirm the routine completion.
Afterward, children were awarded points and powers that could later be used by the children to
customize or help the avatar in the serious game. Avatar upgrades provide unique skills that were
necessary to progress in the video game. Kairos integrated the core elements of a serious game
and designing guidelines for ADHD and autistic children (Powell et al., 2019; Whyte et al.,
2015).

In Group 1, parents had access to parental support integrated in a private section of
Kairos. This section was created by researchers in the field of psychoeducation and based on an
intervention program developed by Massé et al. (2011). The parental support was presented in
the form of guidelines regarding the implementation of daily routines. Designed as a simple and
accessible information database, the guidelines addressed routines with different angles. It first

gave tips about four key routines (morning routine, meals, homework, and sleep). Secondly, it
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presented suggestions on planning and managing routines to promote autonomy (e.g., strategies
to facilitate performing routines, qualities of good directive, positive reinforcement, children’s
physical development, ABC grid). Lastly, a reference section provided a list of hyperlinks for
additional information.

In Group 2, the intervention was exclusively focused on children. Children in this group
used the serious game (support and rewards) but the parents didn’t have access to parental
support. In Group 3, the electronic tablet and the serious game were unavailable to children.
Parents in this group only had access to the parental support presented on the electronic tablet.
This information was identical to the one provided to parents on Group 1. Participants were free
to consult or use this information. Throughout the study, parents were able to communicate with
the research team for questions related to the study or with the Neuro Solutions Group for
technical questions. This study was conducted over an 8-week period (March to May 2021) three
moments were identified for the repeated measures.

Baseline (Time 0). At baseline, all parents were invited to complete the electronic
version of the Routine Achievement Assessment Tool and the Sociodemographic Questionnaire.
Once the questionnaires had been completed, an electronic tablet (Samsung Galaxy Tab A —
approximately C$175) has been sent to the families. Parents of the 3 intervention groups also had
to identify one challenging routine that their child had to perform between Time 0 and Time 1
(e.g., getting ready for school, doing homework, going to bed). This routine had to remain the
same for the first 4-week period. In Groups 1 and 2, parents had to set up all the components
associated with the chosen routine in the Kairos app preinstalled on the electronic tablet. A
straightforward, intuitive interface located in a private secured section guided parents in setting

up all the components (identification of routine, task sequence, time scheduling, and
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reinforcement). The beta version used in this study was not context aware and parents had to
regularly validate routines executed by their child in their private section. Parents had to
complete this setup in order to activate Kairos’ reminders and reward system. Lastly, parents and
children from Groups 1 and 2 were invited to create together a game avatar.

Halfway measure (Time 1). After the first 4-week period, an email was sent to all
parents to remind them to complete the Routine Achievement Assessment Tool for a second
time. At this moment, parents from Groups 1, 2 and 3 were allowed to change routines if they
judged that their child had acquired it. This choice was based on parents’ perceptions and no
criteria or routine mastery standards were provided to guide them in this decision-making
process.

Persistence measure (Time 2). The last part of this study consisted in a persistence
measure 4 weeks after the halfway measure (or 8 weeks after Time 0). For the last time, all
parents completed the Routine Achievement Assessment Tool. After this period, all the
participants (Groups 1, 2, and 3) who completed all the assessment tools were given unlimited
access to the retail version of Kairos.

Adjustments due to the COVID-19 Outbreak. COVID-19 had an impact on the
experimental protocol planned by the research team. The study couldn’t be postponed for a
number of reasons. First, electronic tablets were sent out weeks before the COVID-19 outbreak
started in Quebec. Second, the baseline data had already been collected when the government
decided to close temporarily schools as COVID-19 spread throughout the province. The research
team was concerned about the attrition and the possible loss of thousands of dollars of material
already in the hands of participants. Accordingly, the team decided to make some

methodological adjustments. Consequently, we so informed families and encouraged them to
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follow the protocol. The study was put off for two weeks to let them adapt to this new situation.
It is important to point out that the participants had the right to drop out of the project without
any consequences. They were also allowed to keep their electronic tablets.

Measures

Sociodemographic Questionnaire. This parent-report online questionnaire was used to
complete the sociodemographic data gathered in the Neuro Solution Group database. Parents
provided information about stressful events since the beginning of the school year, income, and
their level of education.

Routine Achievement Assessment Tool. An adapted version of the Before School
Functioning Questionnaire (BSFQ; Wilens et al., 2010) was used to evaluate the effects of
interventions on the children’s routines. The first adaptations were a French-language translation
involving a committee approach and a forward-only translation with testing (Maneesriwongul &
Dixon, 2004). A second adaptation was intended to adjust the instrument to the study objectives,
the COVID-19 context, and Kairos features. Given that our study focused on routines throughout
the day, the researchers significantly adapted the original instrument. First, they removed items
targeting specific tasks (getting dressed, personal hygiene, meals, misplacing and losing items).
Second, they rephrased some items to make them easily observable by parents. Third, they
deleted items not specifically related to routines (be calm and quiet, be hyperactive, awaiting
turn, interrupt and blurt out). The researchers also added new items associated with cognitive
functioning and made sure that each executive function was evaluated (attention, working
memory, self-regulation, managing frustration, organizing, following directions, time
management). These adaptations were based on the scientific literature and the researchers’

expertise concerning the effects of executive functioning on routine achievement (Massé¢ et al.,



DAILY ROUTINES AND SERIOUS GAME 14

2011). Lastly, the original Likert scales were adjusted with the addition of a “does not apply”
option.

In the final version, the parents were asked to indicate their level of agreement with 20
statements (the BSFQ also has 20 items) on a 6-point Likert scale (strongly disagree, disagree,
somewhat disagree, somewhat agree, agree, strongly agree). An average score was calculated
and then divided by the number of items answered. A low score indicates problems with routine
achievement. The parents completed the instrument in an average time of 5 minutes. Post-study
analysis shows that the instrument has good internal consistency (Cronbach’s alpha of .87)
(Simonato et al., 2022).

Data analyses

Latent growth modeling (LGM) was used to analyze routine scores collected over the 8-
week period. According to Marcoulides (2019), LGM is currently the most popular method of
analysis in social and educational studies when repeated measures are gathered. Acknowledged
for its reliability and robustness, it allows for analysis of continuous, dichotomous, or categorical
values. Part of the structural equation modeling family of statistical analysis, LGM specifically
evaluates relationships between variables using variance and covariance matrices. This analysis
represents a valuable alternative to repeated ANOV A measures or hierarchical linear modeling,
since it simultaneously addresses between-subject and within-subject variability (Bryk &
Raudenbush, 1992). LGM also enhances statistical techniques by providing optimal management
of missing data (Curran et al., 2010).

At first, descriptive and correlational analyses were performed to verify the distribution
of longitudinal variables and explore correlations over the different time periods. No distribution

abnormality was observed. Therefore, different models were tested using the maximum
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likelihood estimation (MLE) method for normal distribution. Moreover, the significant
correlations showed relative score stability over time. To compensate for missing data, model
estimations were calculated with the full information maximum likelihood (FIML) option. This
technique estimates model parameters using the maximum information available from the
covariance matrix without excluding subjects with missing data.

A four-step analysis was performed. First, the average longitudinal trajectory of the
sample across the three measurement times was estimated with a baseline model precisely
calculated with a LGM with two latent factors. The factors were the intercept (initial status) and
the slope (direction and rate of change over time). The second step of the analysis (Model 2)
evaluated the effects of three covariates (age, gender, and intervention) on the variation of the
slope and the intercept of the average trajectory. The moderating effects of children age and
clinical profile (ASD, ADHD, or neurotypical) on routine score trajectories were tested in the
third phase. Statistics such as the chi-square test (Bollen, 1989), root mean square error of
approximation (RMSEA; Brown & Cudeck, 1993; Hu & Bentler, 1999), and comparative fit
index (CFI; Bentler, 1990) were used to validate the models. Lastly, repeated ANOVAS
measures were performed to improve our understanding of the effects of moderating variables on
the variation of routine score trajectories. Cohen's d statistic was calculated to weigh the
magnitude of the observed differences. Score interpretation was based on Sawilowsky’s (2003)
criteria.

Results

First, the results presented in Table 3 show that the ADHD participants were largely

overrepresented in the sample. At Time 0, however, the number of participants per intervention

group was almost equivalent. Descriptive analyses reveal an overall sample attrition of 10% over
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the 8-week period. The ADHD group had the highest attrition rate (-14%), followed by the ASD
(-7%) and neurotypical (-6%) groups. In regard to routine scores, Table 3 shows an overall
improvement of child routines regardless of clinical profile or intervention method.
INSERT TABLE 3 HERE

The Pearson correlation coefficients were calculated to explore participant stability
between measurement periods. The strong correlations presented in Table 4 suggest that the
participants maintained their relative group positions between measurement times. These scores
are expected in longitudinal designs (Dekovi¢ et al., 2004).
INSERT TABLE 4 HERE

Table 5 presents the results from LGM trajectory models over the 8-week period. To
simplify the presentation of the results, all models have been combined in a single table. All
contrasts are the results of two regression analyses.
INSERT TABLE 5 HERE

The baseline model (Model 1) presents the average trajectory of children who
participated in the study without considering the clinical profile or the experimental conditions.
On average, the children had a routine score of 3.17 (p =.00) at the intercept (T1). This score
increased significantly over the three measurement times with a slope of .07 (p = .04), showing
overall improvement in the children’s daily routines. The significant variation in intercept and
slope indicates heterogeneity in the mean trajectory and justifies the inclusion of covariates to
explain the variances.

The second model tested the effects of covariates (age, gender, and intervention group)
on the children’s routine scores. The results revealed no significant difference between groups at

the intercept. Therefore, neither age nor gender was associated with the score at T1. Significant
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effects on the slope, however, were observed. First, a negative effect of age indicated that the
youngest participants experienced the greatest improvement in routines. The group effect also
suggested that Group 1 (combination of serious game and parental support) improved marginally
more than Group 2 (serious game alone) (p = .07) and significantly more than Group 3 (parental
support alone) (p = .03). There were no significant differences between the slopes of Group 2
and Group 3.

Model 3 presents the moderating effect of age on routines according to the intervention
group. The nonsignificant results revealed that the observed differences in trajectories across
intervention groups were not moderated by age.

Lastly, the interaction effect observed in the last model (Model 4) confirmed a
moderating effect of diagnosis on child routine trajectory. Post-hoc analyses were then
performed to understand the moderating effect of diagnosis on trajectories. Table 6 presents the
results of the ANOVAS.

INSERT TABLE 6 HERE

The Figure 1 presents the effect size calculated by the mean of Cohen’s d analyses.
INSERT FIGURE 1 HERE

The post-hoc analyses revealed a very large clinical effect (d > 1.2) on the routines of
ADHD participants when two interventions modalities were used (combination of serious game
and parental support and parental support alone). This effect was mainly between Times 0 and 1
(first 4 weeks). It is important to point out, however, that, for these two interventions, the overall
effect after 8 weeks was less than the initial effect observed during the first 4 weeks. It should
also be mentioned that using serious game alone had a significant medium clinical effect (d =

0.72) on the ADHD group; 8 weeks were needed to observe this effect.
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For autistic children, significant differences between measurement times were observed
but only when serious game and parental support were combined. The data also show that a huge
significant clinical effect (d = 2.81) occurred after 8 weeks. A very large and significant clinical
effect (d = 1.55) also occurred in the first 4 weeks. These results suggest that the routines of
autistic children only improve when intervention focused on both children and parents.

For the neurotypical children, the analyses revealed a huge significant clinical effect (d =
2.28) of the serious game on the routine scores. As for the ADHD children, the overall effect
after 8 weeks was smaller than that observed in the first 4 weeks (d = 2.09) but remained quite
large. For neurotypical children, the use of parental support also improved the routines in the
first 4 weeks; the clinical effect was large (d = 1.12) and significant. After 8 weeks, the clinical
effect remained significant but decreased slightly (d = 1.08). Lastly, it is important to point out
that the inconsistencies between ANOVA and Cohen’s d results for the neurotypical children in
the serious game and parental support condition (Group 1) may be explained by the small group
size. However, the p-value is very close to the significance level of 0.05.

Discussion

Several scientific studies evaluated the effects of parental guidance and supervision on
the execution of daily routines by children with neurodevelopmental disorders (Dawson-Squibb
et al., 2020; Kucharczyk et al., 2019). Recently, serious games have been added to the
intervention spectrum, yielding encouraging preliminary results (Kokol et al., 2020). This study
is part of this course of action and specifically evaluated the effects of a serious game and
parental support on the performance of daily routines by children between the ages of 6 and 12
years with a neurodevelopmental disorder (ASD or ADHD). The serious game (Kairos) used in

this study was created by the Neuro Solutions Group in accordance with clinical and scientific
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recommendations provided by clinicians and researchers (motivating storyline, contextualized
learning, targeted skills to accomplish incremental learning goals, rewards, time reminders and
feedback; Barkley, 2020; Whyte, 2015). It is also in phase with serious games’ designing
guidelines for ADHD children (instant positive reward, customizable virtual environments,
imitation learning, short-term goals, and the use of an avatar that the child can relate to; Powell
et al., 2019) and autistic children (use dynamic stimuli to gather attention, predictability,
repeatability, motivating storyline, explicit goal; Carlier et al, 2020; Whyte et al., 2015).

The results from the 8-week experiment show an overall improvement in the daily
routines of children regardless of diagnosis or intervention/treatment. LGM, however, shows that
diagnosis and treatment influence the trajectory of routine scores over time. Thus, for
neurotypical children, the serious game induces a large clinical effect on routines in the first 4
weeks of use. This large effect is also observed in the ADHD children but only when the serious
game and the parental support were combined over a longer period (8 weeks).

In sum, these results suggest that, under certain conditions, serious games can be
clinically effective in improving some aspects of daily routines (e.g., understanding and
following instructions, listening, task organization, forgetting steps, procrastination and time
management) and outweigh children’s difficulties affecting routine learning and completion
(activation, self-regulation, inhibition, planning, organization, attention; Barkley, 2015b; Sinzig
et al., 2014). Furthermore, the results indicate that parental support significantly improve the
routines of neurotypical and ADHD children. In the case of autistic participants, the
effectiveness of parental support increases when it is paired with the serious game. These
findings also highlight the benefits of less restrictive parenting practices (Dose et al., 2017).

Moreover, they stress the importance of parental support when implanting new intervention
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modalities. As a matter of fact, parents facing challenges with their parental practices might
struggle with adopting different methods, which might have a negative effect on the adoption or
sustainability of effective daily routines (Dawson et al., 2016; Gray et al., 2020). Lastly, the fact
that the youngest participants achieve the greatest routine improvement might be explained by
the conclusions reached by Dunn et al. (2009), who stated that younger children appear to benefit
more than older children from intensified parental supervision in routine completion. However,
for AHDH children age didn’t seem to have a moderating effect on parental interventions (Lee et
al., 2012).

Several authors have mentioned that children using technology can be a concern
(Alghamdi, 2016; Mustafaoglu, et al., 2018). To limit the influence of this ethical issue, the
research and design teams implemented a number of preventive measures. First, an information
module was included in Kairos. Created by clinicians and researchers, this part included tips on
screen time management, signs indicating that technology use could become problematic, and
useful references. In addition, the design team ensured that mission completion—used as daily
reinforcement in the video game—does not exceed 5 minutes. Lastly, the researchers encouraged
the designers to include information in the commercialized version on how to slowly and
gradually substitute social reinforcement for the tangible reinforcement. This phasing out has

been recognized as an important part of behavior modification interventions (Kazdin, 2013).

Limitations and Future Research

The study has some limitations. First, the context of COVID-19 pandemic greatly
influenced its conduct. Initially, the study was to be carried out during the school year (March to
May 2020); and the first 4 weeks were to be devoted to morning routines (before leaving for

school). When the study began, however, the Quebec government announced that schools would
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be closed indefinitely. Considering the significant financial investment (more than $30,000
worth of materials had already been sent to participating families), the requirements of the
funding agencies, the risks of sample attrition, and the ethical issues related to the consent
already obtained from parents, the researchers decided that it was better to continue the study,
allowing families to choose whether to include the morning or evening routines. Clearly, the
exceptional context of school closures affected the implementation of the routines, but it also
seemed that the study allowed families to maintain some structure in a context of great
uncertainty. Moreover, the low level of attrition in the sample (10%) testifies the participants’
desire to maintain a certain number of routines in their daily lives. In sum, the experimental
context was not optimal. Several research biases influenced the external validity of the research
and thus limit the possibilities of generalization to a post-pandemic context. Nonetheless, the
strengths of the design and analyses allow us to believe that the intervention modalities did
indeed positively influence children in a health crisis.

As another limitation, the protocol allowed parents to change the routine between
halfway and persistence measures. Furthermore, parents were not supported in this decision-
making process and mastery criteria were not provided to participants. This unsupervised change
made by parents probably induced variability and influenced the score on the Routine
Achievement Assessment Tool. Lastly, the study only measured the effect of the interventions on
global routine execution. The scientific literature stated, however, that a systemic approach was
more appropriate when studying routines (Coussens et al., 2020; Fiese, 2007).

Future studies should include evaluation of other aspects of routines related to children
(e.g., self-esteem, behavioral problems, and positive participation), parents (e.g., stress, parental

self-efficacy, self-esteem, and depression), and family environment (e.g., harmony,
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predictability, sibling relationships, and stability and security of the family setting). It might also
be interesting to assess collateral effects outside the family setting such as school. Future studies
should address the moderating effect of age. Lastly, mixed protocols including qualitative
measures might be useful in gaining a better understanding of children’s and parents’ perceptions
about the use of technologies in their household.

Conflict of interest. The research grants were awarded to the UQTR Research Team and
the NeuroSolution Group to conduct collaborative research. The research team does not receive
any benefits from the marketing of the product created by the NeuroSolution Group.

Ethical approval. The study was approved by the Université du Québec a Trois-Rivieres
research ethics committee and was conducted in accordance with the Tri-Council Policy
Statement: Ethical Conduct for Research Involving Humans — TCPS 2 (2018). The certificate
(CER-19-261.07.03) was obtained on November 7, 2019.

Informed consent. Informed consent from each parent who participated in the study was
obtained electronically.

Author contributions

DLD: designed and executed the study, collaborated to data analyses, wrote and translate
the final manuscript. LM: collaborated with the design of the study, the development of the
virtual coach and the Routine Achievement Assessment Tool and collaborated in the writing of
the final manuscript. IS: collaborated in the execution of the study and data analyses. YL:
collaborated with the design of the study, translation and the writing of the final manuscript.
VGT: was responsible of the development of the virtual coach. AL: analyzed the data and wrote

part of the results. All authors approved the final manuscript.



DAILY ROUTINES AND SERIOUS GAME 23

Acknowledgments. The authors would like to thank MEDTEQ, La Fondation les Petits
Trésors, MITACS, and the Social Sciences and Humanities Research Council (SSHRC) for their
financial support. They are also grateful to the families for their participation.

References
Alghamdi, Y. (2016). Negative effects of technology on children of today. Oakland University.
Bagatell, N. (2016). The routines and occupations of families with adolescents with autism

spectrum disorders. Focus on Autism and Other Developmental Disabilities, 31(1), 49-

59. https://doi.org/10.1177/1088357615587503
Bagby, M. S., Dickie, V. A., & Baranek, G. T. (2012). How sensory experiences of children with

and without autism affect family occupations. The American Journal of Occupational

Therapy, 66(1), 78-86. https://doi.org/10.5014/aj0t.2012.000604
Banda, D. R., Grimmett, E., & Hart, S. L. (2009). Activity schedules: Helping students with

autism spectrum disorders in general education classrooms manage transition issues.

Teaching Exceptional Children, 41(4), 16-21.

https://doi.org/10.1177/004005990904100402
Barkley, R. A. (2015a). Emotional dysregulation is a core component of AHDH. In R. A.

Barkley (Ed.), Attention-deficit hyperactivity disorder: A handbook of diagnosis and

treatment (4™ ed., pp. 81-115). Guilford Press.

Barkley, R. A. (2015b). Executive functioning and self-regulation viewed as an extended
phenotype: Implication of the theory for ADHD and its treatment. In R. A. Barkley (Ed.),

Attention-deficit hyperactivity disorder: A handbook of diagnosis and treatment (4" ed.,

pp. 405-434). Guilford Press.


https://doi.org/10.1177/1088357615587503
https://doi.org/10.5014/ajot.2012.000604
https://doi.org/10.1177/004005990904100402

DAILY ROUTINES AND SERIOUS GAME 24

Barkley, R. A. (2020). Taking charge of ADHD: The complete, authoritative guide for parents.
Guilford Press.

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological Bulletin, 107,
238-246. https://doi.org/10.1037/0033-2909.107.2.238

Bollen, K. A. (1989). A new incremental fit index for general structural equation models.
Sociological Methods and Research, 17(3), 303-316.
https://doi.org/10.1177/0049124189017003004

Bowling, A., Blaine, R. E., Kaur, R., & Davison, K. K. (2019). Shaping healthy habits in
children with neurodevelopmental and mental health disorders: Parent perceptions of
barriers, facilitators and promising strategies. International Journal of Behavioral
Nutrition and Physical Activity, 16(52). https://doi.org/10.1186/s12966-019-0813-6

Brault, M.-C., & Lacourse, E. (2012). Prevalence of prescribed attention-deficit hyperactivity
disorder medications and diagnosis among Canadian preschoolers and school-age
children: 1994-2007. Canadian Journal of Psychiatry, 57(2), 93-101.
https://doi.org/10.1177/070674371205700206

Bridley, A., & Jordan, S. S. (2012). Child routines moderate daily hassles and children's
psychological adjustment. Children's Health Care, 41(2), 129-144.
https://doi.org/10.1080/02739615.2012.657040

Brown, M. W., & Cudeck, R. (1993). Alternative ways of assessing model tit. In K. A. Bollen, &
J. S. Long (Eds.), Testing structural equation models (pp. 136-162). Sage.

Bryk, A. S., & Raudenbush, S. W. (1992). Hierarchical linear models: Applications and data
analysis methods. Sage Publications, Inc.

Bul, K. (2017). Design and effectiveness of a serious game for children with ADHD.


https://doi.org/10.1186/s12966-019-0813-6
https://doi.org/10.1177/070674371205700206
https://doi.org/10.1080/02739615.2012.657040

DAILY ROUTINES AND SERIOUS GAME 25

Carlier, S., Van der Paelt, S., Ongenae, F., De Backere, F., & De Turck, F. (2020). Empowering
children with ASD and their parents: Design of a serious game for anxiety and stress
reduction. Sensors, 20(4), 966. https://doi.org/10.3390/s20040966

Centre de recherche pour I’inclusion des personnes en situation de handicap. (2018). Améliorer
les conditions de sommeil de [’enfant vivant avec le trouble du spectre de [’autisme grdce
a un aménagement réefléchi et personnalisé de sa chambre. [Improving sleeping of
autistic children by using a personalized room planning]
http://www.autisme.qc.ca/assets/files/02-autisme-tsa/Recherche/Guide-
amenagement2018.pdf

Cibrian, F. L., Lakes, K. D., Schuck, S. E., & Hayes, G. R. (2022). The potential for emerging
technologies to support self-regulation in children with ADHD: A literature
review. International Journal of Child-Computer Interaction, 31(100421), 1-15.
https://doi.org/10.1016/].1jcci.2021.100421

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Routledge Academic.

Corcoran, J., Schildt, B., Hochbrueckner, R., & Abell, J. (2017). Parents of children with
attention deficit/hyperactivity disorder: A meta-synthesis, Part 1. Child and Adolescent
Social Work Journal, 34(4), 281-335. https://doi.org/10.1007/s10560-016-0465-1

Coussens, M., Van Driessen, E., De Baets, S., Van Regenmortel, J., Desoete, A., Oostra, A.,
Vanderstraeten, G., Waelvelde, H. V., & Van de Velde, D. (2020). Parents' perspectives
on participation of young children with attention deficit hyperactivity disorder,
developmental coordination disorder, and/or autism spectrum disorder: A systematic
scoping review. Child: Care, Health and Development, 46(2), 232-243.

https://doi.org/10.1111/cch.12735


https://doi.org/10.3390/s20040966
https://doi.org/10.1016/j.ijcci.2021.100421
https://doi.org/10.1007/s10560-016-0465-1
https://doi.org/10.1111/cch.12735

DAILY ROUTINES AND SERIOUS GAME 26

Curran, P. J., Obeidat, K., & Losardo, D. (2010). Twelve frequently asked questions about
growth curve modeling. Journal of Cognition and Development, 11(2), 121-136.
https://doi.org/10.1080/15248371003699969

Dawson, A. E., Wymbs, B. T., Marshall, S. A., Mautone, J. A., & Power, T. J. (2016). The role
of parental ADHD in sustaining the effects of a family-school intervention for ADHD.
Journal of Clinical Child and Adolescent Psychology, 45(3), 305-319.
https://doi.org/10.1080/15374416.2014.963858

Dawson-Squibb, J.-J., Davids, E. L., Harrison, A. J., Molony, M. A., & de Vries, P. J. (2020).
Parent education and training for autism spectrum disorders: Scoping the evidence.
Autism: The International Journal of Research and Practice, 24(1), 7-25.
https://doi.org/10.1177/1362361319841739

Dekkers, T. J., Hornstra, R., van der Oord, S., Luman, M., Hoekstra, P. J., Groenman, A. P., &
van den Hoofdakker, B. J. (2022). Meta-analysis: Which components of parent training
work for children with attention-deficit/hyperactivity disorder? Journal of the American
Academy of Child and Adolescent Psychiatry, 61(4), 478-494.
https://doi.org/10.1016/j.jaac.2021.06.015

Dekovi¢, M., Buist, K. L., & Reitz, E. (2004). Stability and changes in problem behavior during
adolescence: Latent growth analysis. Journal of Youth and Adolescence, 33(1), 1-12.
https://doi.org/10.1023/A:1027305312204

Delemere, E., & Dounavi, K. (2018). Parent-implemented bedtime fading and positive routines
for children with autism spectrum disorders. Journal of Autism and Developmental

Disorders, 48(4), 1002-1019. https://doi.org/10.1007/s10803-017-3398-4


https://doi.org/10.1080/15374416.2014.963858
https://doi.org/10.1177/1362361319841739
https://doi.org/10.1016/j.jaac.2021.06.015
https://doi.org/10.1023/A:1027305312204
https://doi.org/10.1007/s10803-017-3398-4

DAILY ROUTINES AND SERIOUS GAME 27

Dose, C., Hautmann, C., Buerger, M., Schuermann, S., Woitecki, K., & Doepfner, M. (2017).
Telephone-assisted self-help for parents of children with attention-deficit/hyperactivity
disorder who have residual functional impairment despite methylphenidate treatment: A
randomized controlled trial. Journal of Child Psychology and Psychiatry, 58(6), 682-690.
https://doi.org/10.1111/jcpp.12661

Dunn, L., Coster, W. J., Cohn, E. S., & Orsmond, G. I. (2009). Factors associated with
participation of children with and without ADHD in household tasks. Physical and
Occupational Therapy in Pediatrics, 29(3), 274-294.
https://doi.org/10.1080/01942630903008327

Evans J., & Rodger, S. (2008) Mealtimes and bedtimes: Windows to family routines and rituals.
Journal of Occupational Science, 15(2), 98-104.
https://doi.org/10.1080/14427591.2008.9686615

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses using
G*Power 3.1: Tests for correlation and regression analyses. Behavior Research Methods,
41, 1149-1160. https://doi.org/10.3758/BRM.41.4.1149

Fiese, B. H. (2006). Family routines and rituals. Yale University.

Fiese, B. H. (2007). Routines and rituals: Opportunities for participation in family health. OTJR:
Occupation, Participation and Health, 27(1 suppl), 41S-49S.
https://doi.org/10.1177/15394492070270S106

Firmin, M. W., & Phillips, A. (2009). A qualitative study of families and children possessing
diagnoses of ADHD. Journal of Family Issues, 30(9), 1155-1174.

https://doi.org/10.1177/0192513X09333709


https://doi.org/10.1111/jcpp.12661
https://doi.org/10.1080/01942630903008327
https://doi.org/10.1177/15394492070270S106
https://doi.org/10.1177/0192513X09333709

DAILY ROUTINES AND SERIOUS GAME 28

Fridenson-Hayo, S., Berggren, S., Lassalle, A., Tal, S., Pigat, D., Meir-Goren, N., O’Reilly, H.,
Ben-Zur, S., Bdélte, s., Baron-Cohen, S., & Golan, O. (2017). ‘Emotiplay’: A serious
game for learning about emotions in children with autism: Results of a cross-cultural
evaluation. European Child and Adolescent Psychiatry, 26(8), 979-992.
https://doi.org/10.1007/s00787-017-0968-0

George, C., & Soloman, J. (2008). The caregiving system. In J. Cassidy et P. R. Shaver (Eds.),
Handbook of attachment (pp. 833—856). Guilford Press.

Goldman, S. E., Glover, C. A., Lloyd, B. P., Barton, E. E., & Mello, M. P. (2018). Effects of
parent implemented visual schedule routines for African American children with ASD in
low-income home settings. Exceptionality, 26(3), 162-175.
https://doi.org/10.1080/09362835.2017.1294984

Gray, L., Loring, W., Malow, B. A., Pryor, E., Turner-Henson, A., & Rice, M. (2020). Do parent
ADHD symptoms influence sleep and sleep habits of children with ADHD? A pilot
study. Pediatric Nursing, 46(1), 18-39.

Hodgetts, S., Nicholas, D., & Zwaigenbaum, L. (2013). Home sweet home? Families’
experiences with aggression in children with autism spectrum disorders. Focus on Autism
and Other Developmental Disabilities, 28(3), 166-174.
https://doi.org/10.1177/1088357612472932

Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling, 6, 1-55.

http://dx.doi.org/10.1080/10705519909540118


https://doi.org/10.1007/s00787-017-0968-0
https://doi.org/10.1080/09362835.2017.1294984
https://doi.org/10.1177/1088357612472932

DAILY ROUTINES AND SERIOUS GAME 29

Johnston, C., & Mash, E. J. (2001). Families of children with attention-deficit/hyperactivity
disorder: Review and recommendations for future research. Clinical Child and Family
Psychology Review, 4(3), 183-207. https://doi.org/10.1023/a:1017592030434

Kazdin A. E. (2013). Behavior modification in applied settings (7" ed.). Waveland Press.

Kessler, R. C., Adler, L., Barkley, R., Biederman, J., Conners, C. K., Demler, O., Faraone, S. V.,
Greenhill, L. L., Howes, M. J., Secnik, K., Spencer, T., Ustun, T. B., Walters, E. E., &
Zaslavsky, A. M. (2006). The prevalence and correlates of adult ADHD in the United
States: Results from the national comorbidity survey replication. The American Journal
of Psychiatry, 163(4), 716-723. https://doi.org/10.1176/appi.ajp.163.4.716

Kokol, P., Vosner, H. B., Zavrsnik, J., Vermeulen, J., Shohieb, S., & Peinemann, F. (2020).
Serious game-based intervention for children with developmental disabilities. Current
Pediatric Reviews, 16(1), 26-32. https://doi.org/10.2174/1573396315666190808115238

Kucharczyk, S., Whitby, P. J. S., & Mrla, T. (2019). Parent implementation of structured work
systems on child acquisition of independence skills through family preferred routines.
Education and Training in Autism and Developmental Disabilities, 54(1), 83-93.

Larson, E. (2006). Caregiving and autism: How does children's propensity for routinization
influence participation in family activities? OTJR: Occupation, Participation and Health,
26(2), 69-79. https://doi.org/10.1177/153944920602600205

Lee, P.-C., Niew, W.-I., Yang, H.-J., Chen, V. C.-H., & Lin, K.-C. (2012). A meta-analysis of
behavioral parent training for children with attention deficit hyperactivity disorder.
Research in Developmental Disabilities, 33(6), 2040-2049.

https://doi.org/10.1016/j.ridd.2012.05.011


https://doi.org/10.1023/a:1017592030434
https://doi.org/10.1176/appi.ajp.163.4.716
https://doi.org/10.2174/1573396315666190808115238
https://doi.org/10.1177/153944920602600205
https://doi.org/10.1016/j.ridd.2012.05.011

DAILY ROUTINES AND SERIOUS GAME 30

Lucyshyn, J. M., Miller, L. D., Cheremshynski, C., Lohrmann, S., & Zumbo, B. D. (2018).
Transforming coercive processes in family routines: Family functioning outcomes for
families of children with developmental disabilities. Journal of Child and Family Studies,
27(9), 2844-2861. https://doi.org/10.1007/s10826-018-1113-5

Maneesriwongul, W., & Dixon, J. K. (2004). Instrument translation process: A methods review.
Journal of Advanced Nursing, 48(2), 175-186. https://doi.org/10.1111/1.1365-
2648.2004.03185.x

Marcoulides, K. M. (2019). Reliability estimation in longitudinal studies using latent growth
curve modeling. Measurement: Interdisciplinary Research and Perspectives, 17(2), 67-
77. https://doi.org/10.1080/15366367.2018.1522169

Martin, A., Razza, R., & Brooks-Gunn, J. (2012). Specifying the links between household chaos
and preschool children’s development. Early Child Development and Care, 182(10),
1247-1263. https://doi.org/10.1080/03004430.2011.605522

Massé, L., Verreault, M., & Verret, C. (2011). Mieux vivre avec le TDA/H a la maison :
programme pour aider les parents a mieux composer avec le TDAH de leur enfant au
quotidien [Living better with ADHD at home: A program to help parents cope better with
their child's ADHD on a daily basis]. Chenelié¢re Education.

McRae, E. M., Stoppelbein, L., O’Kelley, S. E., Fite, P., & Greening, L. (2018). Predicting
internalizing and externalizing symptoms in children with ASD: Evaluation of a
contextual model of parental factors. Journal of Autism and Developmental Disorders,
48(4), 1261-1271. https://doi.org/10.1007/s10803-017-3368-x

McRae, E. M., Stoppelbein, L., O'Kelley, S. E., Fite, P., & Greening, L. (2019). Predicting child

behavior: A comparative analysis between autism spectrum disorder and attention


https://doi.org/10.1007/s10826-018-1113-5
https://doi.org/10.1080/03004430.2011.605522
https://doi.org/10.1007/s10803-017-3368-x

DAILY ROUTINES AND SERIOUS GAME 31

deficit/hyperactivity disorder. Journal of Child and Family Studies, 28(3), 668-683.
https://doi.org/10.1007/s10826-018-1299-6

Mustafaoglu, R., Zirek, E., Yasaci, Z., & Ozdingler, A. R. (2018). The negative effects of digital
technology usage on children’s development and health. Addicta: The Turkish Journal on
Addictions, 5(2), 13-21. https://doi.org/10.15805/addicta.2018.5.2.0051

Perron, Y. (2012). Vocabulaire du jeu vidéo [Video game vocabulary]
https://www.oqlf.gouv.qc.ca/ressources/bibliotheque/dictionnaires/20120701 jeu video.p
df

Powell, L., Parker, J., Harpin, V., & Mawson, S. (2019). Guideline development for
technological interventions for children and young people to self-manage attention deficit
hyperactivity disorder: Realist evaluation. Journal of Medical Internet Research, 21(4).
https://doi.org/10.2196/12831

Sallee, F. R. (2015). Early morning functioning in stimulant-treated children and adolescents
with attention-deficit/hyperactivity disorder, and its impact on caregivers. Journal of
Child and Adolescent Psychopharmacology, 25(7), 558-565.
https://doi.org/10.1089/cap.2014.0160

Sandgreen, H., Frederiksen, L. H., & Bilenberg, N. (2021). Digital interventions for autism
spectrum disorder: A meta-analysis. Journal of Autism and Developmental
Disorders, 51(9), 3138-3152. https://doi.org/10.1007/s10803-020-04778-9

Sawilowsky, S. (2003). A different future for social and behavioral science research. Journal of
Modern Applied Statistical Methods, 2(1), 128-132.

https://doi.org/10.22237/jmasm/1051747860


https://doi.org/10.1007/s10826-018-1299-6
https://doi.org/10.2196/12831
https://doi.org/10.1089/cap.2014.0160
https://doi.org/10.1007/s10803-020-04778-9
https://doi.org/10.22237/jmasm/1051747860

DAILY ROUTINES AND SERIOUS GAME 32

Sawyer, M. R., Crosland, K. A., Miltenberger, R. G., & Rone, A. B. (2015). Using behavioral
skills training to promote the generalization of parenting skills to problematic routines.
Child and Family Behavior Therapy, 37(4), 261-284.
https://doi.org/10.1080/07317107.2015.1071971

Schaaf, R. C., Toth-Cohen, S., Johnson, S. L., Outten, G., & Benevides, T. W. (2011). The
everyday routines of families of children with autism. Autism: The International Journal
of Research and Practice, 15(3), 373-389. https://doi.org/10.1177/1362361310386505

Schlebusch, L., Samuels, A. E., & Dada, S. (2016). South African families raising children with
autism spectrum disorders: Relationship between family routines, cognitive appraisal and
family quality of life. Journal of Intellectual Disability Research, 60(5), 412-423.
https://doi.org/10.1111/jir.12292

Sears, K., Blair, K.-S., Iovannone, R., & Crosland, K. (2013). Using the prevent-teach-reinforce
model with families of young children with ASD. Journal of Autism and Developmental
Disorders, 43(5), 1005-1016. https://doi.org/10.1007/s10803-012-1646-1

Segal, R. (2004). Family routines and rituals: A context for occupational therapy interventions.
American Journal of Occupational Therapy, 58(5), 499-508.
https://doi.org/10.5014/aj0t.58.5.499

Simonato, I., Massé¢, L., Lussier-Desrochers, D., Lemieux, A. (2022). Validation du
Questionnaire sur I’Exécution des Routines (QER) [Validation of a questionnaire on
routines execution] [Manuscript submitted for publication]. Department of
Psychoeducation, Université du Québec a Trois-Riviéres.

Sinzig, J., Evers, D., Lehmkuhl, G., & Vinzelberg, 1. (2014). Executive function and attention

profiles in preschool and elementary school children with autism spectrum disorders or


https://doi.org/10.1080/07317107.2015.1071971
https://doi.org/10.1177/1362361310386505
https://doi.org/10.1111/jir.12292
https://doi.org/10.1007/s10803-012-1646-1
https://doi.org/10.5014/ajot.58.5.499

DAILY ROUTINES AND SERIOUS GAME 33

ADHD. International Journal of Developmental Disabilities, 60(3), 144-154.
https://doi.org/10.1179/2047387714Y.0000000040

Slattery, L., Crosland, K., & Iovannone, R. (2016). An evaluation of a self-management
intervention to increase on-task behavior with individuals diagnosed with attention-
deficit/hyperactivity disorder. Journal of Positive Behavior Interventions, 18(3), 168-179.
https://doi.org/10.1177/1098300715588282

Stoppelbein, L., Biasini, F., Pennick, M., & Greening, L. (2016). Predicting internalizing and
externalizing symptoms among children diagnosed with an autism spectrum disorder:
The role of routines. Journal of Child and Family Studies, 25(1), 251-261.
https://doi.org/10.1007/s10826-015-0218-3

Taylor, M., Houghton, S., & Durkin, K. (2008). Getting children with attention deficit
hyperactivity disorder to school on time: Mothers' perspectives. Journal of Family Issues,
29(7), 918-943. https://doi.org/10.1177/0192513X07311233

Vallefuoco, E., Bravaccio, C., Gison, G., Pecchia, L., & Pepino, A. (2022). Personalized training
via serious game to improve daily living skills in pediatric patients with Autism Spectrum
Disorder. IEEE Journal of Biomedical and Health Informatics, 26(7), 3312-3322.
https://doi.org/10.1109/JBHI.2022.3155367

Whyte, E. M., Smyth, J. M., & Scherf, K. S. (2015). Designing serious game interventions for
individuals with autism. Journal of Autism and Developmental Disorders, 45(12), 3820-
3831. https://doi.org/10.1007/s10803-014-2333-1

Wilens, T. E., Hammerness, P., Martelon, M., Brodziak, K., Utzinger, L., & Wong, P. (2010). A

controlled trial of the methylphenidate transdermal system on before-school functioning


https://doi.org/10.1179/2047387714Y.0000000040
https://doi.org/10.1177/1098300715588282
https://doi.org/10.1007/s10826-015-0218-3
https://doi.org/10.1109/JBHI.2022.3155367
https://doi.org/10.1007/s10803-014-2333-1

DAILY ROUTINES AND SERIOUS GAME

in children with attention-deficit/hyperactivity disorder. The Journal of Clinical
Psychiatry, 71(5), 548-56. https://doi.org/10.4088/JCP.09m05779pur

Zheng, Y., Li, R., Li, S., Zhang, Y., Yang, S., & Ning, H. (2021). A Review on serious games
for ADHD. ArXiv Preprint, 2105.02970, 1-11.

https://doi.org/10.48550/arXiv.2105.02970

34


https://doi.org/10.4088/JCP.09m05779pur

Figure 1

CohenD

-

DAILY ROUTINES AND SERIOUS GAME 35
Figures
Results of Cohen d analyses for the diagnosis and intervention groups
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Tables

Table 1

Sample demographics by gender and diagnosis (N =201)

Neurotypical ADHD ASD Total
Girl 25 28 9 62
Boy 28 76 35 139
Total 53 104 44 201

36
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Table 2

Distribution of participants by intervention group and diagnosis (N = 201)

Neurotypical ~ ADHD ASD Total

Serious game and 16 36 14 66
parental support

(Group 1)

Serious game 17 35 15 67
(Group 2)

Parental support 20 33 15 68
(Group 3)

Total 53 104 44 201
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Table 3

38

Mean scores and standard deviations of routine scores by intervention and clinical profile over

the 8-week period (N =201)

Measure

Time 0 (Beginning)

Time 1 (4 weeks)

Time 2 (8 weeks)

n M SD

n M SD

n M SD

Serious game and
parental support
(Group 1)
Neurotypical
ADHD
ASD

16 3.06 0.73
36 261 0.50
14 2.67 0.50

16 3.65 1.08
27 338 093
15 3.36 1.03

15 3.48 1.00
25 3.13 0.90
14 386 1.08

Total (Group 1)

66 273 0.59

58 344 099

54 341 1.00

Serious game
(Group 2)
Neurotypical
ADHD
ASD

17 295 0.68
35 279 0.76
15 284 0.84

17 356  0.78
32 3.05 098
14 297 0.70

16 401 0.96
31 3.17 0.83
12 324 0.64

Total (Group 2)

67 284 0.75

63 3.17 0.89

59 341 0.90

Parental support
(Group 3)
Neurotypical
ADHD
ASD

20 289 0.72
33 257 0.60
15 3.01 0.89

17 3.03 0.86
31 326 0.8l
14 3.16 0.64

19 321 0.89
33 3.11 0.74
15 3.18 0.60

Total (Group 3)

68 276 0.72

62 3.17 0.78

67 3.15 0.75

All conditions
Neurotypical
ADHD
ASD

53 296 0.70
104 2.66 0.63
44 284 0.76

50 340 094
90 322 0091
43 316 0.8l

50 3354 099
89 3.14 0381
41 343 0.85

Total

201 278  0.69

183 326  0.90

180 3.32 0.88
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Table 4

Person correlation coefficients for the three time periods (N = 201)

Time 0 Time 1 Time 2

Time 0 (Beginning)  ---  .40**% 4Q***
Time 1 (4 weeks)  .40%** L
Time 2 (8 weeks) ~ .40%**  S4#k*x

* p<.05. %% p<.01. *** p < 001.
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Table 5
Results of the analyses of the LGM trajectory models over the 8-week period (N = 201)
Model 1 Model 2 Model 3 Model 4
Intercept (value) 3.17 ((05)*** 3,03 (.26)*** 322 (.13)*** 274 (28)***
Slope (value) .07 (.03)* 42 (17)* .13 (.08) S50 (18)**
Intercept (variance) 28 (L08)*** 28 (L08)*** 28 (L08)*¥** 27 (.08)***
Slope (variance) 11 (.04)* .10 (.04)* .09 (.04)* .09 (.04)*
Covariable effects on the
intercept
Age .03 (.03) .04 (.05) .05 (.03)
Gender -.09 (.10) -.08 (.10) -.03 (.10)
Diagnosis -.13 (.05)**
Gr2vs.Grl .04 (.12) .02 (.06) .02 (.06)
Gr3vs.Grl -.01 (.12) -.01 (.06) -.02 (.06)
Gr1vs.Gr2 -.04 (.12) -.02 (.05) -.02 (.05)
Gr3vs. Gr2 =05 (.11) -.03 (.05) -.04 (.05)
Gr2vs.Gr1 X age .04 (.06)
Gr3 vs. Gr 1 X age .04 (.06)
Gr1vs. Gr2 X age -.04 (.06)
Gr 3 vs. Gr2 X age .00 (.05)
Gr 2 vs. Gr 1 X diagnosis .05 (.06)
Gr 3 vs. Gr 1 X diagnosis .07 (.06)
Gr 1 vs. Gr 2 X diagnosis -.04 (.05)
Gr 3 vs. Gr 2 X diagnosis .02 (.05)
Covariable effects on the
slope
Age -.04 (.02)* -.06 (.03)* -.04 (.02)*
Gender -.08 (.07) -.09 (.07) -.08 (.07)
Diagnosis .02 (.03)
Gr2vs. Grl -.15 (.08) -.08 (.04) -.08 (.04)
Gr3vs.Grl -.19 (.08)* -.09 (.04)* -.09 (.04)*
Gr1vs.Gr2 .15 (.08) .07 (.04) .07 (.04)
Gr3vs. Gr2 -.04 (.07) -.01 (.03) -.01 (.03)
Gr2vs.Gr1 X age -.06 (.04)
Gr3 vs. Gr 1 X age -.00 (.04)
Gr1vs. Gr2 X age .05 (.04)
Gr 3 vs. Gr2 X age .05 (.03)
Gr 2 vs. Gr 1 X diagnosis - 13 (04)%**
Gr 3 vs. Gr 1 X diagnosis -.07 (.04)
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Gr 1 vs. Gr 2 X diagnosis A2 (L04)%*
Gr 3 vs. Gr 2 X diagnosis .06 (.03)*
Note. All model fits were determined with three fit indices according to Hu & Bentler (1999)

criteria, i.e., the chi-square test, the root mean square error of approximation (RMSEA), and the
comparative fit index (CFI).

* < 0.05. ** p < 0.01. *** p < 0.001.
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Table 6
Results of the repeated ANOVAS for moderating variables on routine score trajectories
Measure T1-TO T2-T1 T2-TO
n  Diff  p-value n Diff p-value n Diff p-value
Seri Typical 12 0.443  0.052 11 -0.141 0.495 11 0.371 0.053
erious
game and  ADHD 21 0.760  0.001%** 17 -0.048 0.761 19 0.513 0.006**
parental
support ASD 10 0.786  0.045% 10 0.746 0.090 9 1.591 0.004**
(Group 1) ) 43 0.678  0.000%** 38  0.134 0366 39 0722  0.000%%*
Typical 20 0.701  0.000%** 20 0.248 0.215 20 0.949 0.000%**
Serious ADHD 38 0274 0.114 37 0.062 0.649 37 0.347 0.037*
game
(Group 2) ASD 17 0.184  0.394 16 0119 0546 15 0358  0.067
Total 75 0.368  0.001* 73 0.126 0.194 72 0.516 0.000%**
Typical 17 0.206  0.039% 17 0.092 0.463 19 0.324 0.034*
Parental ADHD 29 0.655  0.000%** 30 -0.064 0.741 31 0.558 0.000%**
support
(Group 3) ASD 14 0230  0.449 14 -0.045* 0795 15 0172 0475
Total 60 0428  0.000*** 61 -0.017 0.878 65 0.400 0.000%**

* p<0.05. ** p<0.01. *** p < 0.001.
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