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ABSTRACT

No research on assistive technologies for families of
children with attention deficit hyperactivity disorder
(ADHD) has investigated the long-term impact after the
assistive technology is returned to the researchers. In this
paper, we report the outcomes of a follow-up study,
conducted four-weeks after a field study of 13 children with
ADHD and their families who used an assistive technology
designed to help establish and change family practices. We
show that some of the positive effects on parent frustration
level and conflict level around morning and bedtime
routines that we observed in the first phase of the study,
continued even after the technology was taken away from
the families. We furthermore present insights into family
practices in families of children with ADHD and how these
can lead to unexpected challenges and implications related
to the adoption, use, and outcome of the assistive
technology.
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INTRODUCTION

Researchers within the IDC community have for some
years explored the potential of using technology to assist
children with a variety of conditions (e.g., [11,25]).
However, to date only limited research has focused on
children with attention deficit hyperactivity disorder
(ADHD), although ADHD is the most prevalent reported
mental health diagnosis for children and teens [17], with a
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worldwide prevalence of approximately 5% [18].
ADHD is a heterogeneous disorder that manifests and
affects children to varying degrees. However, the core
symptoms are a combination of inattention, hyperactivity
and impulsivity. Some of the common reported
consequences of ADHD includes social and academic
impairments [15], bedtime resistance [10], and increased
risk of criminal convictions in adulthood [5]. Furthermore,
ADHD has been shown to significantly affect children’s
quality of life: for example in one study 70% of third
graders with ADHD reported that they have no close
friends [28]. Within the EU, parent training is often
recommended before medical treatment [30], highlighting
the importance and the effect of “healthy” family/parent
practices in families of children with ADHD.
Another field, which is maybe even more underexplored
than ADHD within the IDC community is support for sleep.
While several research projects in the broader HCI
community have explored the potential of using technology
to educate and assist adults in establishing healthy sleep
habits (e.g. [2,12]), there does not seem to be reported
similar studies for children. Nevertheless, sleep is
especially important for children as poor or insufficient
sleep can negatively impact learning, memory and general
school performance [6].
Due to the serious negative effect of poor sleep together
with the high percentage of children and teens with ADHD
who suffer from sleep problems (25-50% according to
[10]), we designed a mobile system to assist families of
children with ADHD in establishing healthy morning and
bedtime routines: MOBERO. In the first phase of our
study, MOBERO was initially evaluated with 13 children
with ADHD and their families. This one-month study was
divided into a two-week baseline period and a two-week
intervention period where the families used MOBERO as
reported in [23]
In this paper, we report on new findings from the second
phase of our MOBERO study, a one-month follow-up
study. Furthermore, we report on insights into family
practices and unexpected outcomes of these from both the
first and second phase of the study.

RELATED WORK
Assistive Sleep Technology

Research within personal informatics and related fields has
recently explored the potential of using technology to assist
in improving and educating adults about their sleep habits
(e.g., [2, 12]). Research within this field has focused on
exploring various ways of assisting adults in improving
their sleep habits; ShutEye [2] uses a mobile approach
where the wallpaper of the user’s mobile phone provides
insights into the sleep impact of certain activities, such as
consuming food and beverages at different times: e.g.
drinking coffee after 8pm might negatively effect sleep
quality. Similarly, Lullaby [12] uses a range of
environmental sensors, and a tablet display to educate and
assist users in creating optimal conditions for sleep.
Even though poor sleep habits negatively affect children
[6], no research within the HCI community has yet explored
the potential for technology to support children’s sleep.
Assistive Technology for Children with ADHD

In contrast to the research on sleep technologies, HCI
researchers have recently begun to report early research on
assistive technologies for children with ADHD [21],
including TangiPlan [29], ChillFish [22], BlurtLine [20],
and CASTT [24].
TangiPlan was one of the first examples of research that
explored the potential of using technology to support
children with ADHD [29]. TangiPlan is a tangible system
that assists children with ADHD in completing their
morning routines as a way to improve their executive
functioning [29]. ChillFish [22] is a biofeedback game
designed to assist children with ADHD in performing a
calming breathing exercise. By breathing through an
physical LEGO fish embedded with electronics the player
controls the player character’s movement in the ChillFish
game, and though an strategic placement of star fish (points
in the game) the player is obliged to use a relaxing
breathing rate. BlurtLine [20] and CASTT [24] are both
examples of technologies, which in contrast to TangiPlan
and ChillFish focus on providing sensor-based assistance
in-situ to children with ADHD in school contexts.
BlurtLine is designed to assist the child to avoid blurting
(impulsive speaking behavior), which is achieved by using
an interactive chest strap that works both as a sensor (in
detecting forthcoming blurts) and as intervention device by
providing the child with tactile feedback [20]. In contrast,
CASTT focuses on assisting children with ADHD to regain
and maintain attention during school lessons. CASTT relies
on worn accelerometers to detect when the child has lost
attention, and a mobile phone application to assist them in
regaining it [24].
TangiPlan, ChillFish BlurtLine and CASTT are all
examples of technologies that have potential to assist and
empower children with ADHD. However, research is

mostly based on early prototypes and the evaluations are
limited in either number of participants, duration or both.
We advance the state of the art of technologies that support
sleep for adults by highlighting the potential for designing
for children with ADHD. Furthermore, we build upon the
limited existing work within the domain of assistive
technologies for children with ADHD by investigating the
prolonged effect of using an assistive technology after an
initial field study, and after this technology has been taken
away from the families. Finally, we contribute with insights
on designing for families of children with ADHD.
MOBERO – A MOBILE TOOL TO ESTABLISH HEALTHY
MORNING AND BEDTIME ROUTINES

MOBERO (presented in more detail in [23]) is a mobile
application that assists parents and children with ADHD to
establish healthy morning and bedtime routines, as these
situations can often cause frustration [8,19]. We designed
and developed MOBERO though an iterative design
process involving parents, children with ADHD and ADHD
domain professionals as described in [23]. As ADHD is
highly hereditable [3] and because we learned from our
empirical studies that parents’ engagement was critical in
changing children’s morning and bedtime routines, we
included routines for parents as well as children in
MOBERO [23].

Figure 1: The MOBERO mobile system. Left, the morning
module. Right, the bedtime module.

MOBERO consist of two modules; a bedtime module and a
morning module. However, in the following we will refer to
both as simply MOBERO. Around bedtime MOBERO
notifies the parents to start their bedtime routine
approximately 15-20 minutes before the child is expected to
go to bed, which is discussed and agreed with the parent
prior to them starting to use MOBERO. The parent routine
includes activities like ventilating the child’s bedroom,
preparing the child’s pajamas, and notifying the child about
the upcoming bedtime. The intention of including these
parent activities is to remind the parents about their child’s
upcoming bedtime and to provide optimal conditions for
sleep. After the parents have completed their bedtime
routine, MOBERO displays a 15 minutes’ countdown
timer, after which it alerts the child to begin her bedtime
routines. Though a structured list of icons and text, the child
is guided through each activity as illustrated in Figure 1.

what happened after MOBERO was no longer used in the
families, as this provides insights into long-term effects of
MOBERO on the family practices. Therefore, the provided
smartphone on which MOBERO was installed was taken
away from the families at the end of the two-week
intervention period.
Participants

Figure 2: Two A4-sized paper reward charts placed above a
child’s bed. The child and parents agree on a reward, which
the child then draws in the “white boxes”. When the child has
collected the amount of stars that each reward is worth (two,
three, or four stars) the child has earned the reward.

The last activity is a reward that consists of a physical
fluorescent star, which the child can place on a laminated
A4-sized paper chart as seen on Figure 2 and further
described in [23].
The MOBERO morning module is similar to the bedtime
module in that it displays a structured list of activities.
However, this module does not contain any activities for the
parents and the child is furthermore rewarded with virtual
medals for completing the activities within a certain
timeframe (e.g., four medals for brushing teeth in two
minutes) as seen on Figure 1.
From the first one-month phase of our study (baseline and
intervention periods), we found that MOBERO
significantly lowered the parents’ frustration level during
morning and bedtime routines and the parents reported their
child to be more independent during both morning and
bedtime routines [23]. These findings were based on an
analysis of parents’ daily assessments throughout both the
baseline and intervention periods. Furthermore, we found
an improvement in the children’s sleep habits based on a
validated child sleep screening questionnaire [16], and a
reduction in parent reported ADHD symptoms based on the
ADHD Rating Scale (ADHD-RS) [7], a validated rating
scale used to measure the severity of ADHD symptoms. In
contrast to our expectations, we did not find any statistically
significant change in the parent reported bedtime, sleep
time or sleep delay (the time it takes the child to fall
asleep).
STUDY DESIGN

The first phase of our MOBERO study was designed to
investigate the potential of using MOBERO to assist in
establishing healthy morning and bedtime routines [23].
This phase was divided into a two-week baseline period and
a two-week intervention period, in which the families used
MOBERO during morning and bedtime activities.
In the second phase of the study (the month following the
end of the intervention period), we wanted to investigate

13 children with ADHD and their families participated in
the study. All children were clinically diagnosed with
ADHD and had an ADHD-RS score within the expected
gender and age stratified normative data scores for children
clinically diagnosed with ADHD [31]. Seven children
received medical treatment, however no changes were made
to the children’s medication during either the baseline,
intervention or follow-up phases of our study.
Conducted Interviews

For this paper we include interviews conducted at the end
of the intervention period as well as interviews from the
one-month follow up phase. Unfortunately, due to
scheduling issues around the start of school summer
holidays, only four families participated in the one-month
follow-up interview (mean duration = 14 minutes).
However, all families did complete the MOBERO-Q
questionnaire introduced in the next sub-section. We have
decided to include the interviews with these four families,
as they all had quite different experiences after the onemonth period following the intervention period, which
highlight how heterogeneous families of children with
ADHD can be and how differently technology affects these
families. We did not select the four families, instead they
were simply the four families who were available for an
interview after the one-month follow-up period.
Questionnaire Measures

All 13 families completed a custom made questionnaire
(MOBERO-Q) both prior to the baseline period, after the
intervention period, and one-month after the end of the
intervention period. The questions in MOBERO-Q were
related the child’s sleep habits, and activities around their
bedtime, and all answers were recorded on a five-point
Likert scale ranging from 5: “Very often (five to seven times
a week)” to 1: “Very rarely (less than one time per half
year)” as well as allowing parents the opportunity to submit
general text comments. In the Findings section below all
MOBERO-Q questions are presented and analyzed.
Data Analysis
MOBERO-Q Questionnaire Processing

Because the parent responses in MOBERO-Q were ordinal
and represented three repeated measures (prior to the
baseline period, after the intervention period, and one
month after the intervention period), we used a Friedman
test to investigate if a statistical significance existed
between the three groups; followed by a two-tailed
Wilcoxon Signed Rank post-hoc test.

Figure 3: Graphs showing the MOBERO-Q conflict level during morning (left) and bedtime (right) routines prior to the
baseline period, after the intervention period, and one month after the intervention period. The y-axis represents a five-point
Likert scale where 5 = “Very often (five to seven times a week)” and 1 = “Very rarely (less than one time per half year)”
Interview Processing

All audio-recorded interviews were conducted, transcribed
and thematically analyzed in Danish [4], and selected
passages were translated to English for inclusion in this
paper. All names and personal information have been
removed to preserve anonymity.
FINDINGS
Parents Still Report Fewer Conflicts Around Morning
and Bedtime Routines

Parent reported conflict level around morning routines
showed a statistically significant difference between the
three MOBERO-Q tests (baseline, intervention, and onemonth follow-up), χ2(2) = 13.6, p < 0.01, with significant
differences between baseline (Mdn = 4) and intervention
(Mdn = 3) responses, z = -2.8, p < 0.01; and between
baseline and one-month follow-up (Mdn=3) responses, z = 2.4, p < 0.05; but not between intervention and one-month
follow-up responses, z = -1.9, p > 0.05. Similarly, the
parent-reported conflict level around bedtime routines
showed a significant difference between the three groups,
χ2(2) = 8.1, p < 0.5, with significant differences between
baseline (Mdn = 5) and intervention (Mdn = 2) responses, z
= -2.6, p < 0.01; and baseline and one-month follow-up
(Mdn = 3) responses, z = -2.4, p < 0.05; but not between
intervention and one-month follow-up responses, z = -0.7, p
> 0.05. This suggest that the reduction effect of parents’
experienced conflict level during both morning and bedtime
routines was sustained one month after ending the
MOBERO intervention period as illustrated in Figure 3.
Parents Still Report Lower Frustration Levels During
Morning and Bedtime Routines

Parent-reported frustration level around morning routines
showed a statistically significant difference between the
three groups, χ2(2) = 12.4, p < 0.01, with statistically
significant differences between baseline (Mdn = 4) and
intervention (Mdn = 3) responses, z = -2.8, p < 0.01; and
baseline and one-month follow-up (Mdn = 3) responses, z =
-2.2, p < 0.05; but no significant difference between
intervention and one-month follow-up responses, z = -1.9, p
> 0.05. Similarly, the parents’ reported frustration level
around bedtime routines showed a significant difference

between the three groups, χ2(2) = 6.2, p < 0.05, with
significant differences between baseline (Mdn = 4) and
intervention (Mdn = 3) responses, z = -2.4, p < 0.05; and
with significant differences between baseline and the onemonth follow-up responses (Mdn = 3), z = -2.1, p < 0.05;
however there was no difference between intervention and
one-month follow-up responses, z = -0.8, p > 0,05. This
suggests that the lowering effect of MOBERO on the
parents’ frustration level during morning and bedtime
routines continued one-month after end of the intervention
phase, compared to the baseline phase, indicating a longterm effect of using MOBERO.
MOBERO Did Allow for a Fresh Start, However Some
Families Found It Difficult to Sustain the Effect

As suggested by the statistical analysis of parents’
MOBERO-Q responses of their experienced frustration and
conflict levels during morning and bedtime routines, most
families continued to benefit from the techniques and
strategies offered by the MOBERO prototype. This is
supported by a comment from one family: “[…] the
afternoons have actually, for some reason, continued to be
reasonable. It is as if the phone [MOBERO] has started
something, so that we now actually do not experience as
many conflicts around the bedtime routines”. For some,
MOBERO did allow for a new start as exemplified by: “[…
] for him, it was also a break, which meant that he could
start over in a new way”. Interestingly, one family reported
that they experienced that they returned to baseline
conditions almost right away, another reported that “I think
she gradually forgot it over 14 days and then it was over,
and now we can hardly get her in bed”, and yet another
family did experience a fundamental change in their child’s
morning and bedtime routines: “I also think that the
routines have maybe been more clear for him [in
MOBERO], and that he should do one thing at a time, and
that is fine. Some of the issues before were that he would
get stressed that he should both change clothes, brush teeth,
and so on […]. So [now] he follows the activities as they
were in the phone [MOBERO] - we did have the same
activities before, however I think that it [MOBERO] has
made them a little clearer for him […].” Though, the

statistical analysis of MOBERO-Q showed that most
families did report a positive effect of MOBERO on
frustration and conflicts levels one month after the end of
the intervention period, it is interesting how different the
four interviewed families experienced the time after they
handed MOBERO back.
Unexpected Consequences of MOBERO on Family
Practices as Parents Enforced Too Strict Routines

Our expectations about the effect of MOBERO in the first
phase of our study were that it would lower the parents’
frustration level and improve the child’s independence
level. As we have reported [23] this was found to be the
case overall; however, in two families, we experienced
almost the opposite effect.
The first family summed up their experience of the
intervention period like this: “He has been mad at it
[MOBERO], he has been mad at you and he has been mad
at us. ‘Why are we destroying his life?’ I think we have
been called child abusers and animal abusers and a lot of
other things […]. It turned out, that the bedtime routine this
family had created in MOBERO was very far from their
existing routine, and that the family enforced this new
routine with a strict and zero discussion policy e.g.,
“[before] he had it as the yolk of an egg […] he sat in there
[in his bed] with his iPad and ate – he is not allowed to do
that anymore. […] So there are many privileges that have
been taken totally away from him (the mother interrupts):
Yes, maybe that was too many changes at once.”.
Previously, the parents had not been able to provide
sufficient structure for their child, so it seemed that when
they were given the opportunity to get external help (from
MOBERO) to provide this, they chose a very strict structure
and consequence strategy, which simply was too drastic a
change for the child. In the other family, we found almost
the same issue: the parents had demanded too much of a
change in the child’s daily routines, and again we observed
a resistance from the child to using MOBERO, which
resulted in increased parent reported conflicts in the
intervention period.
Challenges in Keeping Consistent Bedtime Routines
One Month After the use of MOBERO.

To the MOBERO-Q question “How often do you follow a
consistent bedtime routine?” we observed a statistically
significant difference between the three groups, χ2(2) = 8.1,
p < 0.5. Interestingly, we do not see a significant difference
in parent’s responses between baseline (Mdn = 5) and
intervention (Mdn = 5), z = -0.7, p > 0.05; In contrast, we
do see a statistical significant change between both baseline
and one-month follow-up (Mdn = 4) responses, z = -2.0, p
< 0.05, and between intervention and one-month follow-up
responses, z = -2.3, p < 0.05. This suggest that in the month
following the end of intervention period, the families did
not have as consistent bedtime routines as both before and
during the use of MOBERO.

The Children are Still Getting Too Little Sleep and Have
Challenges Waking up in the Morning

We did not record a statistically significant difference in the
parents’ response to the MOBERO-Q question “How often
do you experience that your child is not getting enough
sleep?” between the three groups, χ2(2) = 4.1, p = 0.1.
These findings are in line with our findings from the main
study, where our analysis of the parent interviews revealed
that the children still had trouble falling asleep after using
MOBERO [23]. Similarly, we did not see a statistically
significant difference in the parents’ response to the
MOBERO-Q question “How often do you experience that
your child has difficulties getting up in the morning?” χ2(2)
= 5.2, p = 0.08. However, in both cases we did observe a
positive change in median score: baseline (Mdn = 4),
intervention (Mdn = 3) and one-month follow-up (Mdn =
3).
LIMITATIONS AND FUTURE WORK

We are aware that a limitation of our study is the low
number of participating families, and especially that we
only managed to conduct interviews with four of these
families due to scheduling issues around the start of the
school summer holidays. Therefore, we have also been
careful not to over-generalize our quantitative findings.
Similarly, we have chosen to only report the clearest
statements from our one-month follow-up interviews.
Another potential limitation is that for several of the
families, the one-month follow-up phase included one or
more weeks of school holiday, which could have had an
affect on the family practices, including morning and
bedtime routines. We are currently planning to conduct a
longitudinal study of an enhanced version of MOBERO in
families of children with ADHD. As future work, we plan
to explore the potential of technologies to support families
to establish and improve sleep habits for their children as
we have discussed how important healthy sleep habits are.
DISCUSSION

Building on the findings from the first phase of our study
reported in [23], this second phase follow-up study suggest
that MOBERO supported the families in establishing sound
family practices that were still measurable one month after
the families had handed MOBERO back to us. Similarly to
our findings, Anastopoulos et al. investigated the effect of
parent training on parent functioning in families of children
with ADHD, and found that over a two-month follow-up
period parents reported general improvements in parent
functioning related to reduced stress and enhanced selfesteem [1]. However, it is interesting that the four families
we managed to interview reported very different
experiences in the one month following the intervention
period. We have not been able to give a “clear” explanation
as to why this is the case based on the collected data from
our studies. However, from our experiences from
interacting with and getting to know these families, we can
only speculate on why they behaved as they did. These
speculations are related to the general level of structure in

the families prior to our study, their expectations to the
technology (MOBERO), the severity of the child’s ADHD
diagnosis (and potential co-morbid disorders), and the
parents’ understanding and ability to cope with their child’s
challenges. However, these are only speculations, and we
hope that we in future work can learn more about the family
practices that cause these differences, such that we design
our technologies in the best way to support education and
prolonged effects for parents and their children with
ADHD.
Clarifying the Reported Drop in Bedtime Consistency

As presented in the findings section, our analysis suggests
that the families found it harder to stick to consistent
bedtimes routines in the month after having used
MOBERO, compared to both before and during the first
phase of our study. We believe this finding may be flawed
for two reasons. First, for a few of the families, the fact that
the second phase of the study included one or more weeks
of school summer holidays may have caused the parents to
have a less strict bedtime routine, which is supported by the
increase in median score. Second, our interviews with the
families prior to baseline period and their daily assessment
from the baseline period suggest that the families actually
did not have very consistent bedtime routines [23], in
contrast to MOBERO-Q responses prior to the baseline
period.
The Value of Follow-up Studies

Several researchers within the IDC community have
conducted longitudinal studies and reported their benefits
and challenges (e.g., [9,13,14,26,27]). We agree that
longitudinal studies are of high importance as these provide
insights into how participants interact with and adapt
technology over time. As we have described in the future
work section, this is also part of the reason why we are
planning to conduct a longitudinal study of MOBERO.
However, in contrast to longitudinal studies, follow-up
studies can provide insights into how users change, adapt
and feel after they can no longer use the technology. As
discussed above, we would never have learned about how
differently the family practices changed after MOBERO
was no longer being used. Had we had the opportunity to
interview all families, we might have been able to identify
why the families developed so differently. Such knowledge
would be of importance before we design and conduct our
longitudinal study, as there might be issues under the
surface that we did not uncover from the first phase of our
study.
Another value of conducting follow-up studies in our case,
is that we can identify that the positive impact MOBERO
had on the families continued even one month after they
handed it back to us. This shows us, that not only did
MOBERO help during the two-week intervention period,
but it also gave the families techniques that they continued
to benefit from even after the technology was no longer
there. It would be interesting to conduct additional follow-

up studies to investigate if and how the family practices
develop over longer time. However, as we have not been
able to find much work on this topic, we also invite
researchers to begin to discuss thoughts and best practices
for setting up and conducting follow-up studies.
Finally, follow-up studies are a way to also consider the
ethics of taking away technologies that appear to be a real
help for the user and which the user has come to depend on
in everyday life. A lot of work within IDC and HCI in
general focuses on evaluating assistive technologies and
reporting results from these studies (e.g., [11,25]). However, what happens when this technology is taken away? Do
we as researchers who work with such a vulnerable
population as children, have an extra responsibility to
investigate how our technology affects the children after it
is no longer deployed? In our case, we wanted to make sure
that MOBERO did not do that, so that we can continue to
conduct future studies.
CONCLUSION

In this paper we have reported the findings of a one-month
follow-up study of MOBERO, a mobile system that
supports families of children with ADHD to change their
family practices around morning and bedtime routines. Our
findings suggest that the positive changes in family
practices related to parent rated frustration and conflict
level around their child’s morning and bedtime routines,
which MOBERO established in the intervention period, still
positively affected the families one month after MOBERO
had been taken away. However, from our one-month
follow-up interviews, we also learned how MOBERO
affected the practices of the families quite differently in the
follow-up period. Finally, we discussed the value of
conducting follow-up studies and provided insights into
family practices relevant for future research on technologies
for the ADHD domain.
SELECTION AND PARTICIPATION OF CHILDREN

16 children with ADHD were recruited for this study,
however only 13 children were selected to be included in
the study based on several predefined inclusion criteria,
which required answering a screening questionnaire, that
the child should be clinically diagnosed with ADHD or
under investigation for ADHD, that the child had an
ADHD-RS score within the ADHD range, that the child
should not be below the age of six, and that the child should
not have a condition other than ADHD as the primary
diagnosis. After the inclusion selection, the parents were
introduced to the study design in their home by the first
author. Prior to the study ethical approval was obtained
from the regional ethical committee.
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