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Abstract

Background: Regular outcome monitoring is essential for effective attention deficit hyperactivity disorder (ADHD) treatment,
yet routine care often limits long-term contacts to annual visits. Smartphone apps can complement current practice by offer-
ing low-threshold, long-term sustainable monitoring capabilities. However, special considerations apply for such measure-
ment which should be anchored in stakeholder preferences.

Methods: This mixed-methods study engaged 13 experienced clinicians from Region Stockholm in iterative qualitative inter-
views to inform development of an instrument for app-based ADHD monitoring: the mHealth scale for Continuous ADHD
Symptom Self-monitoring (mCASS). A subsequent survey, including the mCASS and addressing app-based monitoring pre-
ferences, was administered to 397 individuals with self-reported ADHD. Psychometric properties of the mCASS were explored
through exploratory factor analysis and examinations of internal consistency. Concurrent validity was calculated between the
mCASS and the Adult ADHD Self-Report Scale-V1.1 (ASRS-V1.1). Additional quantitative analyses included summary statistics
and repeated-measures ANOVAs.

Results: Clinicians identified properties influencing willingness to use and adherence including content validity, clinical rele-
vance, respondent burden, tone, wording and preferences for in-app results presentation. The final 12-item mCASS version
demonstrated four factors covering everyday tasks, productivity, rest and recovery and interactions with others, explaining
47.4% of variance. Preliminary psychometric assessment indicated satisfactory concurrent validity (r=.595) and internal
consistency (a=.826).

Conclusions: The mCASS, informed by clinician and patient experiences, appears to be valid for app-based assessment of
ADHD symptoms. Furthermore, insights are presented regarding important considerations when developing mobile health
(mHealth) instruments for ADHD individuals. These can be of value for future, similar endeavours.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a neuro-
development disorder characterized by symptoms of
inattention, hyperactivity and impulsivity, with population
prevalence estimates around 5%.'”% As treatment of
ADHD typically involves long-term pharmacotherapy, con-
tinuous outcome monitoring is essential to ensure main-
tained effectiveness, as well as to identify new needs that
can arise as patients move through life. Despite this, in
routine care for individuals with ADHD, long-term contacts
are commonly limited to annual follow-up visits,” a practice
that risks overlooking important periodization in symp-
toms,4 as well as cross-sectional information being affected
by recall bias due to the long periods in-between visits.” In
addition, there is some evidence from research outside of
ADHD suggesting that regular monitoring may promote
symptom improvement through facilitation of self-
reflection.®’ In light of this, capabilities for regular moni-
toring outside of periodical visits is of great interest to the
management of ADHD and has the potential to complement
and improve routine clinical care. In parallel with techno-
logical advances and the growing ubiquity of smartphones
worldwide, the past decade has seen increased use of
mobile health applications, commonly referred to as
mobile health (mHealth) apps, dedicated to the manage-
ment of various mental health disorders. ADHD is no
exception to this. A systematic review by Pasirelu et al.®
found 109 publicly available apps designed specifically
for treating or assessing ADHD. Out of the treatment
apps identified, around 12% included functionalities for
outcome monitoring. However, concerns have been raised
regarding the efficacy of many of the available apps for
mental health, and scientific evidence has considerable lim-
itations.” This is also true in the context of ADHD mHealth.
In their systematic review, Pisarelu et al.® notably identified
that only 16% of included apps presented information about
empirical support, such as information about the process of
development or about the validity of contents.

In developing an app-based instrument for (ADHD)
outcome monitoring that can complement conventional clin-
ical follow-ups, there are some important points to consider.
The American Psychiatric Association App evaluation
model underlines that to be deemed high-quality, mental
health apps should promote user adherence, as well as
collect meaningful data.'® Previous efforts to achieve mean-
ingful monitoring with high adherence has utilized so-called
ecological momentary assessment (EMA),'" a method for col-
lecting data, e.g., information on symptoms, behaviours and
mood, characterized by measurement in the moment and
within the context that experiences of interest naturally
occur, thus minimizing the influence of biases.'? Results
from meta-analytical research on EMA have demonstrated
compliance rates of around 80% in both adult and
adolescent samples,'*'* which should arguably be considered

satisfactory. However, important questions remain regarding
the feasibility of EMA monitoring approaches when used
for longer periods of time: compliance estimates from EMA
research primarily comes from high-intensity, short-duration
studies, i.e.,, with many measures collected over a
short period of time. In a systematic review by Miguelez-
Fernandez et al.,'”” 23 publications describing the use of
EMA to evaluate ADHD were identified. Among these,
assessment frequencies ranged from every 30 minutes to
once per day; importantly, protocol durations ranged from 2
to only 28 days. It was also noted that a majority of the
studies included offered some form of monetary compensation
to participants. Other approaches will likely be necessary for
regular outcome monitoring with the purpose of providing
complementary information to long-term clinical contact,
especially if adherence is not incentivized financially.

For technology to be useful and engaging, the needs and
preferences of the targeted end-users must be considered.
Previous research on ADHD patients’ attitudes and prefer-
ences regarding remote monitoring using digital solutions
has shown that, while symptom monitoring is viewed as
having potential to enhance regular care received through
the sharing of data with clinicians, an initial requirement
for this is that patients experience that collected data is rele-
vant to their care.'®!” It is however unclear to what degree
previous research has been anchored in patients’ views and
experiences when developing monitoring instruments.'® To
address this, employment of human-centred design princi-
ples is highly suitable, and this practice is on the rise
within the broader mHealth field."® A key issue when
involving stakeholders in research is that of representative-
ness and sampling bias.”® mHealth studies relying only on
self-recruited patients risk including only those already
interested and well-versed in digital tools and solutions.
This may result in neglecting needs within the broader
target population. Earlier works, outside the field of
ADHD, have tackled this issue by involving clinicians
and caregivers as informants,>"** since this group repre-
sents both a direct stakeholder, in their role as potential reci-
pients of app collected information, and a knowledgeable
source of information about the target population from
their clinical experience.

The aim of the current study was to develop a new
instrument, the mHealth scale for Continuous ADHD
Symptom Self-monitoring (mCASS), with the specific
aim of allowing long-term app-based assessment through
a publicly released smartphone application.

The study was conducted in two parts, constituting a
mixed-methods approach. First, to address the knowledge
gaps described above, we set out to systematically collect
and synthesize views and opinions from clinicians experi-
enced in treating patients with ADHD, the goal of which
was to inform parallel development process. This process
resulted in further research questions which guided the
second part, wherein we examined the psychometric
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properties of the mCASS among individuals with self-
reported ADHD, as well as some of the outstanding
issues raised by clinicians. In addition to presenting the
mCASS, a new instrument suitable for long-term monitor-
ing of ADHD, the aim was also to demonstrate and sum-
marize detailed lessons learned from this development
process, to inform similar mHealth initiatives in the future.

Methods

Design and ethics

The current study consists of two parts, a qualitative
and a quantitative, conducted in sequence, with the
former directly influencing the latter. As the qualitative
interviews collected no sensitive personal data (or
involved any intervention), this part fell outside the
scope of the Swedish Ethical Review Act. However,
the Swedish Ethical Review Authority issued an advis-
ory statement that they saw no ethical issues in the
study (2022-01690-01). Ethical approval for the
quantitative survey study was issued separately
(2023-03313-01).

Interview procedure and sample

The first part of the study involved three iterations of
semi-structured interviews, individually or in small
groups, with clinicians experienced in treating patients
with ADHD. Clinician recruitment was initiated in
August 2022 by an intranet post within the public health-
care provider of Region Stockholm. Interested clinicians
were directed to an online survey serving as an initial
screening tool. This survey assessed the clinicians’
background, typical clinical duties related to ADHD
treatment and their perspectives on the potential of
mHealth tools to improve ADHD treatment. The latter
was surveyed to ensure that participating clinicians
were motivated to assist in the development process.
Eligibility criteria included self-reported experience in
treating patients with ADHD and current employment
within Region Stockholm public healthcare. Purposive
stratified sampling was employed to ensure representa-
tion across relevant subgroups, considering age, profes-
sion and years of experience in treating patients with
ADHD. Participation also required approval from the
clinic manager, due to interviews being scheduled
during regular work hours. Out of 24 interested clini-
cians, 14 were selected (during a six-month window)
and were subsequently provided with, and signed,
informed consent. Table 1 shows background informa-
tion and participation patterns of participating clinicians.
After the informed consent was obtained, clinicians were
scheduled for interviews. One participant (P13), who

Table 1. Overview of interview participants for all iterations.

P1 41-50 Para-medical >10 D D -
P2 41-50 Para-medical >10 D D -
P3 41-50 Para-medical >10 D D D
(G)

P4 51-60 Nursing >10 IP IP IP
P5 51-60 Nursing L-6 D D IP
(G)

P6 51-60 Para-medical 4-6 D D IP
(G)

P7 41-50 Nursing 7-9 D D D
P8 61 or Para-medical >10 D D -

above

P9 20-30 Nursing 4-6 IP IP D
(G)

P10 51-60 Nursing 46 D D D
P11 41-50 Para-medical 7-9 IP IP IP
(G)

P12 31-40 Medical 1-3 D - -
P14 61 or Nursing 7-9 - - IpP
above (G)

Note. D: digital interview; IP: in-person interview; G: group interview. P13
provided informed consent to partake in the study but subsequently never
responded to any contact attempts for interview scheduling. Para-medical
professions included psychologists, occupational therapists and counsellors.

initially consented, did not respond to any interview
scheduling attempts.

The three interview iterations were conducted during
an eight-month period, from September 2022 to May
2023. Each wave of data collection informed subsequent
development and revisions of the mCASS. Revised ver-
sions were then brought back for further feedback from
participating clinicians until a final draft was reached.
Figure 1 shows an overview of the iterative development
process. During the first round of interviews, clinicians
were presented with initial prototype items to facilitate
discussions. Clinicians were also presented with more
detailed information about the overarching goal of the
interview process, i.e., developing an app-based
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Figure 1. Overview of iterative development process.

instrument for longitudinal monitoring of ADHD symp-
toms. They were furthermore informed that the intended
purpose of the instrument was both to serve as a tool for
patients to gain insights about themselves and to enable
patients to share relevant information with clinicians
overseeing his or her care. Interview protocols for each
iteration were designed to centre discussions around
the content and design of a smartphone-based instrument
for longitudinal monitoring of ADHD symptoms
(Table 2).

In the first iteration, 12 participants were interviewed
(see Table 1). In the second iteration, one participant was
too short on time to participate; thus, 11 participants took
part. The third iteration comprised eight initial participants
and a newly recruited one, since three participants explicitly
declined to take part. Stated reasons included going on par-
ental leave, switching jobs and being short on time. One
additional participant did not take part in the third iteration
but did so without stating a reason and did not respond to
contact attempts.

To reduce the risk of sampling bias and attrition, partici-
pants were offered the choice of participating in-person in
the workplace setting or digitally (see Table 1). For
digital interviews, participants chose their setting them-
selves. All interviews were audio recorded and transcribed
verbatim by either the first author or a professional

Table 2. Interview protocols for all iterations.

1-2 (Same questions were posed for each prototype)

* What are your spontaneous impressions? Is there
anything in particular you like/dislike?

* How can we increase the likelihood that patients will
regularly use the instrument?

* For you as a clinician, how interesting would it be to
have access to the information generated by this
instrument? Why? What could you use it for?

* Do you have any suggestions for changes to be made?
Is anything missing? Is anything redundant?

* Which prototype version do you prefer? Why?

 If not already covered: what are your opinions on an
appropriate recall period and/or monitoring
frequency?

If results from the app-based instrument could be
summarized in a report, what would you as clinicians
want to see in such a report? Why?

* How should the results be presented?

* What information is important? Why?

transcriber. No field notes were used. Interview sessions
were approximately one hour long. Transcripts were not
shared with participants.
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Qualitative analysis

The transcribed material from each iteration was analysed
using inductive content analysis, drawing upon the frame-
work proposed by Graneheim and Lundman.?® By search-
ing for patterns within the codes, categories emerged that
guided the decision-making when implementing changes
to the prototype item.

Researcher characteristics and reflexivity statement. All inter-
views and qualitative analyses were conducted by the first
author (AB) alone. AB is, at the time of the study, a
female PhD student conducting this research as part of
her thesis. She is a licensed clinical psychologist, trained
in interview techniques, and has been clinically active
between the years 2018 and 2022. She had no relationship
to participating clinicians apart from also being employed
by Region Stockholm public healthcare. While the first
author’s own clinical experience and preexisting knowl-
edge concerning ADHD may have influenced the informa-
tion gathered and synthesized throughout this study,
continuous efforts have been made to be aware of these pre-
conditions and allow for participants’ own views to emerge
during interviews and analysis.

Development of prototypes

Initial prototype items for the mCASS were developed fol-
lowing a systematic approach that integrated insights from
various sources. A semi-structured literature review was
conducted, focusing on items utilized in EMA methodolo-
gies for ADHD symptoms, on commonly used clinical
instruments and on the diagnostic criteria for ADHD as
defined in the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-5). This informed
establishment of relevant content and criteria for the proto-
types. Subsequently, two sets of prototype instruments were
crafted (see Table S1 in Supplementary material 1). This
was also done with consideration given to aspects thought
to affect an instrument’s suitability for app-based long-term
monitoring, the aim being to facilitate discussions about dif-
ferent instrument characteristics. One prototype (V1.1) was
developed to be shorter and more general, staying closer to
measures used in previous literature about EMA for
ADHD. The other (V1.2) was developed to be longer and
more detailed, measuring symptoms in different areas of
life separately. No recall period was set, as this was a
dimension that clinicians were to provide input on.

Survey procedure and sample

Once a final draft of the mCASS had been developed,
informed by the views expressed in the iterative interview
process, a total of 400 individuals were recruited to take
part in a quantitative survey study with the purpose of

examining the psychometric properties of the novel instru-
ment. To this end, the final draft was translated from
Swedish to English. This was done in collaboration
between two of the authors.

Participants were recruited from Prolific.co, an online
platform connecting researchers and potential study partici-
pants that has seen extensive use in similar research.?**
Sign-up to Prolific requires users to be at least 18 years
old. Utilizing Prolific’s filtering tool, the survey study
was made available only to individuals with self-reported
ADHD who lived in English-speaking countries (United
Kingdom, United States, Australia, New Zealand and
Canada). Furthermore, the sample was balanced for sex of
using a feature integrated into Prolific, ensuring equal
representation of male and female participants.
Participants received compensation for their time, corre-
sponding to an hourly rate of around 100 SEK (approxi-
mately 8.50 euros).

The survey posted to Prolific was created and distributed
using the REDCap web survey application. To take the
survey, participants were first required to sign informed
consent. The survey included the translated version of the
mCASS. To enable testing of convergent validity, the
survey also comprised the Adult ADHD Self-Report
Scale-V1.1 (ASRS-VI1.1) Screener, a commonly used
screening form consisting of six items designed to measure
ADHD symptoms.®

Moreover, the purpose of the survey was also to address
some additional issues raised and not resolved by clinicians
during the interview phase, including issues relating to
monitoring frequency and data sensitivity. Participant pre-
ferences regarding monitoring frequency were examined
using three types of questions. Firstly, after answering the
mCASS, the following question was posed in relation to
each mCASS item: ‘Is once a week an appropriate fre-
quency to ask about this type of experience, despite any var-
iations during the week?’. Answers were recorded on a
categorical scale with the following response options:
‘No, should ask more frequently’, ‘Yes’ and ‘No, should
ask less frequently’. Participants were then asked about
the importance of being able to individualize the monitoring
frequency. Answers were recording using a visual analogue
scale (VAS) ranging from 0 (Not at all important) to 100
(Very important). Following this, participants were asked
to indicate their preferred monitoring frequency for utilizing
the full monitoring instrument, using a five-point ordinal
scale (response options: ‘Daily’, ‘Weekly’, ‘Monthly’,
“Yearly’ and ‘Other frequency’). Regarding data sensitivity,
participants were asked to rate the perceived sensitivity of
various types of personal data (ADHD symptoms, pulse,
step count and sleep) using a VAS (0= Not at all sensitive,
100=Very sensitive). Lastly, the survey also inquired
about the face validity of each item in the mCASS (‘To
what extent do you feel that the question above captures a
difficulty that individuals with ADHD face?’). Answers
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Table 3. Demographic characteristics of survey participants.

Age 395 34.2 10
Sex 397
Male 199 (50.1)
Female 198 (49.9)
Gender 397
Male 191 (48.1)
Female 188 (47.4)
Other 17 (4.3)
Prefer not to say 1 (0.3)
First language 397
English 356 (89.7)
Other 41 (10.3)
Country of residence 397
United Kingdom 319 (80.4)
United States 47 (11.8)
Australia 16 (4.0)
Canada 9 (2.3)
New Zealand 6 (1.5)
Employment status 369
Full-time 213 (57.7)
Part-time 69 (18.7)
Unemployed (and job seeking) 37 (10.0)
Not in paid work (e.g., 33 (8.9)
homemaker, retired or disabled)
Other 12 (3.3)
Due to start new job within next 5 (1.4)
month
Student status 368
(continued)

Table 3. Continued.

No 281 (76.4)

Yes 87 (23.6)

Note. n=397. Some missing data for the following variables: age,
employment status and student status. This is due to some Prolific user
choosing not to report all demographic information during sign-up to
Prolific.

were recorded using a VAS (O=not at all, 100=
completely).

The survey also collected information about partici-
pants’ age and gender. No medication-focused items were
included, as examination of how pharmacological ADHD
treatment could affect mCASS ratings was outside of the
scope of this first development and validation study.
Importantly, the companion app that will include the
mCASS will target both medicated and unmedicated
ADHD individuals. The survey is presented in its entirety
in Supplementary material 2.

In addition to survey data, demographic data as reported
in the Prolific screening was exported from Prolific. This
contained information about age, sex, country of residence
and birth, first language, employment status and student
status.

Statistical analyses

Prior to statistical analyses, the data was reviewed to ensure
adequate quality. As in other studies,””*® near-zero vari-
ation in responses was used to signal potentially low-quality
data. In the current study, we calculated the percentage of
responses to the mCASS that was equal to the mode. In
cases where this percentage was >70, responses to the full
survey were examined. This process resulted in three parti-
cipants being excluded from analyses. Thus, the final
sample size totalled n=397. Data was missing on three
demographic variables: age (n=395), employment status
(n=369) and student status (n =368) (Table 3).

The validity of the mCASS was examined in steps. First,
summary statistics were calculated for face validity and pre-
ferred monitoring frequency ratings for each item. Next, a
repeated measures ANOVA (with Bonferroni-adjusted
post hoc tests) was conducted to compare perceived sensi-
tivity between different data types. Finally, to examine the
underlying factor structure of the mCASS, exploratory
factor analysis (EFA) was conducted using the minimum
residuals extraction method. Oblimin rotation was applied
to allow factors to be correlated.”>® To determine the
number of factors to retain, parallel analysis was
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performed.®’ Internal consistency was calculated using
Cronbach’s alpha, and concurrent validity was examined
by calculating Pearson product moment correlation coeffi-
cient between the new instrument and ASRS-VI1.1
Screener total score. All analyses were conducted using
JAMOVT (version 2.3.28.0), running on the R statistical
environment.

Results

Qualitative findings

Results from qualitative analyses are described for each
iteration of interviews. For each iteration, emerging cat-
egories are presented in descending order based on the
number of interviews they occurred in, from most to least
frequently discussed. Non-recurrence of categories in sub-
sequent iterations reflects that the issues covered were not
brought up by participants again or were only mentioned
as resolved.

First iteration of interviews

During the first iteration, the two sets of prototype items
were presented to clinicians. In the following sections, we
present the categories that emerged from analysis.
Subsequently, changes to the prototypes based on these
insights are described.

Category 1: content validity. For both prototypes, all clini-
cians expressed that the items were clearly related to
ADHD symptoms and associated difficulties and would
provide clinicians with useful information, although in
slightly contrasting manners. Regarding V1.1, it was com-
monly stated that the instrument covered issues that are
usually asked about by clinicians during visits. In contrast,
V1.2 was described as capturing problems that are usually
described by patients. Some clinicians also expressed that
V1.2 was ‘too detailed’ and collected more information
than necessary, as well as being ‘unbalanced’ and covering
some areas of life more extensively than others.

Category 2: respondent burden

Subcategory: length. Throughout all interviews in the
first iteration, clinicians brought up the issue of instrument
length and as an important factor for patients’ willingness to
use the monitoring instrument. V1.2 in particular raised
concerns among clinicians, while the ‘conciseness’ of
V1.1 was viewed as a strength from a monitoring adherence
perspective.

Subcategory: cognitive availability. Multiple comments
throughout the first iteration also revealed that clinicians
viewed cognitive availability to be an important aspect to
consider. For example, many liked that the items in V1.2

were grouped based on areas of life addressed. Clinicians
expressed that this would limit the number of behaviours
and situations to consider when responding and therefore
make it easier for patients to use the mCASS. In contrast,
several items in V1.1 were seen as ‘too abstract’ and there-
fore difficult for patients to answer. Expressions such as
‘tasks and activities’ were considered as too general and
therefore hard to understand and respond accordingly to.
Additionally, opinions differed regarding using the same
phrase in the beginning of all V1.1 items. Some of the clin-
icians stated that this was easier to read and would not
burden patients’ working memory. Working memory
impairments and difficulties with maintained attention
were generally seen as important patient characteristics to
consider, as this could affect adherence to regular
monitoring.

Subcategory: monitoring frequency and recall period.
Throughout interviews, clinicians generally viewed once a
week to be a suitable monitoring frequency, although
there was some hesitation surrounding the feasibility of
this. Relating to respondent burden, some clinicians stated
that this could be too frequent and stated that once a
month might be more realistic. However, when considering
the appropriate recall period for the mCASS, a clear major-
ity preferred this to be one week and thus found a monitor-
ing frequency of once a week to be more logical. It was
expressed that longer recall periods would make it impos-
sible for patients to remember how they had experienced
their symptoms and would result in more challenges for
patients. High-frequency monitoring, such as once a day,
was considered an ‘unthinkable’ burden for patients.

Category 3: tone and wording. A common opinion was that
the wording in the second prototype set, V1.2, felt more
‘alive’ and ‘personal’ and therefore more appealing. It
was also expressed that this version had a more ‘positive’
tone, e.g. by using the phrase ‘give others opportunity to
speak’ rather than only ‘interrupt’. Interestingly, this was
frequently discussed in proximity with the topic of length,
with several clinicians stating that V1.2, because of its
tone, might be easier for patients to answer despite its
higher number of items. The first prototype set, V1.1, was
in contrast described as having a ‘negative’ or in some
cases ‘clinical’ tone which might be seen as invalidating
and therefore demotivate patients to monitor symptoms
regularly. The similarity with instruments used in clinical
context was seen as increasing the risk that patients
would consider it too boring to use.

Specific changes suggested. Clinicians also gave several
detailed suggestions for changes to the prototypes. Ideas
were expressed to merge some items to shorten the
length, especially for V1.2, or to split up questions to
make them clearer. There were also multiple suggestions
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for content to add to create a more comprehensive instru-
ment, e.g., questions about sleep or problems related to par-
enting. However, some clinicians suggested that the V1.2
items covering routines for basic needs might be better
suited in another app function, expressing that this would
both shorten the instrument and that the value of such infor-
mation might differ too much between patients.

Considerations and revisions after first iteration. Following
the first iteration, a decision was made to abandon V1.1
since this was the least preferred version and instead
make changes to V1.2 to integrate and accommodate clini-
cians’ views and wishes. The revised prototype, V2.1, was
shortened from 23 item to 15 to address the issue of
response burden while also utilizing clinicians’ input on
items to merge, e.g., merging items 1 (‘keeping in touch
with family, friends or other close relatives’) and 5
(‘living up to expectations from family, friends and other
close relatives’) into one item (‘maintaining relationships’)
and suggestions to avoid repetitiveness. While doing so,
efforts were made to retain the personal and positive tone
described by clinicians. Items pertaining to basic need
(e.g., ‘eating regularly’) were removed since these did not
clearly align with the intention to monitor ADHD symp-
toms and, according to some clinicians, might be more
suited for a separate app function. The recall period of the
instrument was set to one week. Furthermore, a trade-off
was made by removing the grouping of items based on
areas of life in favour of shortening the instrument, and
merge items that addressed the same symptoms, such as
items two (‘staying focused while socializing [...]") and
nine (‘staying focused during meeting/lectures [...]").

In addition, two new sets of prototype items for
symptom monitoring were created to address different sug-
gestions from clinicians as well as to facilitate further dis-
cussions about respondent burden and content validity.
One new prototype (V2.2) consisted of only two items,
asking the respondent to rate how frequently they had
noticed symptoms of inattention and hyperactivity/impul-
sivity, respectively. The other new prototype (V2.3) was a
combination of the V2.1 symptom frequency checklist
and a shorter additional instrument inquiring about
symptom burden in five different areas of life. This combin-
ation constituted an option where symptom frequency and
symptom burden could be measured at different timepoints
and with different frequencies. The three prototype sets are
presented in Table S2 in Supplementary material 1.

Second iteration of interviews
During the second iteration, clinicians were presented with the

three prototype versions. The following categories emerged.

Category 1: content validity and clinical relevance. Both V2.1
and V2.3 were in general viewed as being able to provide

clinicians with relevant information of clinical value.
Throughout all interviews, clinicians gave examples of clin-
ical duties for which the instruments could provide informa-
tion of value, e.g., evaluating treatment effects, assessment
of treatment needs and treatment planning. It was also com-
monly stated that results from both versions could consti-
tute interesting material for discussion during patient
visits and thus enhance collaboration between clinicians
and patients. V2.2, on the other hand, was generally
described as ‘imprecise’ or ‘too broad’, and it was stated
that the amount of follow-up questions required to
achieve a full picture would render this type of monitoring
redundant. Some clinicians expressed that V2.2 possibly
could be useful for evaluating the effect of a new medica-
tion but that it would require more frequent monitoring
than once a week to detect any clinically relevant patterns.

Category 2: respondent burden

Subcategory: length. All clinicians viewed it as positive
that the previously 23-item instrument version had been
shortened to 15 items. Some were however still concerned
that this length would be too burdening for patients to keep
up monitoring.

Subcategory: patients’ understanding of ADHD symptoms.
Throughout the interviews, the topic of patients’ own under-
standing of their symptoms and symptom expressions arose.
It was pointed out by multiple clinicians that the demand for
such an understanding was high for V2.2 in that patients
themselves would need to draw conclusions about what beha-
viours and experiences that constituted symptom expressions
and be able to separate between symptoms representing
inattention or hyperactivity/impulsivity. Clinicians worried
that this would make it too difficult for patients to know
how to answer the questions. Similar comments were made
about the symptom burden instrument in V2.3 wherein clin-
icians frequently mentioned that many patients would find it
hard to make inferences about how their symptoms affected
each of the different areas of life. In contrast, the items in
V2.1 were overall described as concrete and ‘relatively easy
to understand and answer’.

Specific changes suggested. During discussions about how
the issue of instrument length could be addressed, various
detailed suggestions were made. As in the previous round
of interviews, these included ideas to merge items. There
was however no clear consensus or majority for what
items to merge. For example, some clinicians felt that
three items could be adapted and combined into a single
item covering relaxation or recovery, while others viewed
them as clearly different and important to keep apart. A
couple of clinicians suggested to retain V2.1 in its current
form but to change the monitoring frequency from once a
week to once a month to alleviate responder burden, com-
menting that it might not be relevant to answer V2.1
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more frequently since results possibly would not vary sig-
nificantly between each week. For the same reason, some
clinicians viewed V2.3 as a suitable compromise, suggest-
ing symptom frequency and symptom burden to be moni-
tored once a month and once a week, respectively.

Considerations after second iteration. After the second iter-
ation, an initial decision was made to abandon V2.2, as
this approach was the least preferred. Both V2.1 and V2.3
were considered good options from the perspective of infor-
mational value, though there were some concerns from clin-
icians about patients’ ability to understand and answer the
additional items in V2.3. The sole reason given for prefer-
ring V2.3 over V2.1 was lower respondent burden in terms
of length. Because of this, a decision was made to tempor-
arily retain V2.1 in its current form and further address this
issue in parallel with examination of the psychometric prop-
erties of the mCASS.

Third iteration of interviews

For the third iteration of interviews, clinicians were briefed
on the choice to retain V2.1 and given the opportunity to
comment. Otherwise, discussions were focused on clini-
cians’ preferences regarding how monitoring results
should be presented in the app. Results are presented below.

Category 1: visualization. Throughout interviews, clinicians
stated that results should preferably be presented in a
visual manner that could clarify potential trends or
changes in symptoms over time. Line graphs and bar
charts were frequently mentioned as a preferred format.
Some clinicians expressed that they often experience
being pressed for time during meetings with patients and
therefore wished for results to be presented in a way that
could allow for an initial quick overview to determine if
further examination is needed.

Category 2: level of detail. Another aspect that emerged as
important to consider when designing the in-app presenta-
tion of monitoring results was the level of detail with
which results are presented, though views differed some.
A reoccurring position was that a total score for the entire
mCASS could be enough, again citing time pressure
during patient visits as the reason for this. Others expressed
that a total score would be too vague, stating that, if pos-
sible, subscales or sub-domains would be preferable to
receive more nuanced information about specific patients.
One common comment was that needs and preferences
for this issue would probably differ between professions
as well as what type of care the patient was receiving.
However, clinicians were, with few exceptions, not inter-
ested in item-level results as this would be too detailed
and time-consuming to go through.

Category 3: time horizon. The topic of time horizon also
arose during discussions, i.e., how long the period
covered by an in-app results view should be. Periods men-
tioned as interesting varied between the past week and up to
one year. Nonetheless, it was frequently mentioned that an
app function for this needed to be flexible in this regard,
since needs would differ a lot between professions,
contact formats and treatments.

Quantitative findings

After conducting the interviews, some questions remained
and were subsequently addressed in the survey. Among
these were the issue of monitoring frequency which was
still not completely resolved as clinicians expressed
some doubts surrounding the feasibility of their prefer-
ences. Additionally, a deliberate choice was made to
incorporate the theme of data sensitivity into the survey,
a topic that was not brought up during discussions of
instrument contents in the interview phase. Nonetheless,
we felt this could constitute an important factor for
patients’ willingness to use the monitoring function and
thus should be addressed to ensure a more comprehensive
examination.

Results from survey responses from 397 individuals
with self-reported ADHD are described. Characteristics of
survey participants are presented in Table 3.

To examine views on monitoring frequency using an
in-app instrument examining ADHD symptoms, partici-
pants were asked to rate the importance of being able to
adjust the said frequency to their own individual prefer-
ences. Answers were recorded using a VAS ranging from
0 (‘Not at all important’) to 100 (‘Very important’), and
importance was generally rated as high (M =81.2; SD=
17.5).

Examining preferred monitoring frequency specifically
using the mCASS, 54.2% out of the 397 participants in
the final sample stated that they would prefer to monitor
symptoms by answering the outcome instrument once per
week, while 32% answered that they would prefer a fre-
quency of once a day, and 9.6% would prefer once a
month. Only one person (0.3%) stated that once per year
would be preferable. In addition, 16 individuals (4%)
chose the ‘Other frequency’ option.

Furthermore, once per week was revealed to be viewed
as the appropriate monitoring frequency in general on the
individual item level (Figure 2). It was most commonly
viewed as the appropriate cadence for all items separately.

To collect information on face validity of the mCASS,
participants were also asked to rate to what degree each
item captures a difficulty that individuals with ADHD
face. Answers were recorded using a VAS ranging from 0
(‘Not at all’) to 100 (‘Completely’). Mean ratings ranged
from 53.3 (SD=24.5) to 86.0 (SD=15.6). Results are
shown in Figure 2.
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Preferred frequency per item

1. Performing and maintaining

everyday routines? 54.0%

38.2% |

2. Managing your personal finances? 25.2% I

3. Keeping track of important things? 45.2% |

4. Completing tasks or finishing

projects when you had planned to? 40.0% |

51.5%

5. Staying focused when

listening to someone? 43.2% |

6. Starting tasks that you

considered boring or uninteresting? 58.0%

28.8% I

7. Relaxing and unwinding? 26.5% | 55.5%

£ 8. Enjoying your leisure
2 activities or interests?

9. Being able to notice when
you needed to take a break?

15.8% | 55.5%

31.2% | 52.5%

10. Getting the amount of

sleep that you need? 50.0%

41.0% |

11. Interrupting others or not giving others

to speak in 56.0%

29.5% |

12. Maintaining relationships? 21.5% | 52.7%

13. Conflicts with people close to you? 16.0% | 51.2%

14. Saying things without

thinking them through? 58.3%

31.0% |

51.0%

15. Managing your emotions? 38.0% |

0% 25% 50%

Face validity
| e —
48.0% . %

fos] ————
_ [ ——————-

[ ——===e———=

- [ S ——
75% 100% 0 25 50 75 100

[ Less than once per week [] once per week [ | More than once per week

Figure 2. Appropriate monitoring frequency and face validity ratings per item.

Note. n=397. Preferred monitoring frequency per item was explored using the following question: ‘Is once a week an appropriate
frequency to ask about this type of experience, despite any variations during the week?’. Response options were ‘No, should ask more
frequently’, ‘Yes’ and ‘No, should ask less frequently’. Distribution of answers is displayed in the left-hand grouped bar plot. Face validity
ratings were collected using a single question for each item (‘To what extent do you feel that the question above captures a difficulty that
individuals with ADHD/ADD face?’). Answers were collected on a VAS ranging from 0 (‘Not at all’) to 100 (‘Completely’). Right-hand violin

plots display the results.

Participants were also asked to provide input on to what
degree various types of data that could be collected through
a smartphone app is perceived as sensitive. Answers were
collected on a VAS ranging from O (‘Not sensitive at all’)
to 100 (‘Very sensitive’). Distributions of ratings for each
data type are presented in Figure 3. A repeated measures
ANOVA indicated a statistically significant difference
between how sensitive the data types were considered to
be (F(396, 3)=326, p<.001), with subsequent post hoc
tests with Bonferroni adjustments revealing that ADHD
symptoms were considered significantly more sensitive
than step count, sleep and pulse (p <.001).

Psychometric properties of the new instrument. To explore
the underlying factor structure of the mCASS, an EFA was
performed. The Kaiser-Meyer—Olkin measure of sampling
adequacy (.867) as well as the Bartlett test of sphericity
(1730 (df=105); p<.001) demonstrated that data was suit-
able for EFA. Parallel analysis suggested a four-factor solu-
tion, explaining 44.7% of the variance. However,
examination of the factor loadings of the individual item
revealed three items with considerable cross-loadings:
‘Getting the amount of sleep that you need?’, ‘Maintaining
relationships (e.g. initiating contact with friends and/or
family, returning text/calls, participating in social activ-
ities)?” and ‘Managing your emotions?’. These did not
fulfil the requirements of the °.40-.30-.20’ rule of thumb,

which states that an item is acceptable if loadings onto
primary and alternative factors are above 0.40 and less
than 0.30, respectively, and if the difference between
primary and alternative factors is at least 0.20.>' The poor
fit of these items remained or worsened when testing other
oblique methods for rotation (promax, simplimax).
Subsequently, the three items with unsatisfactory factor load-
ings were removed and the EFA was re-run. Results of the
second EFA showed that the four-factor solution remained
and now explained 47.4% of the variance. Additionally,
model fit measures suggested a better fit (root mean square
error of approximation (RMSEA)=.0420; Tucker—Lewis
index (TLI)=0.961) as compared to the 15-item four-factor
solution (RMSEA = .0545; TLI=.922).>

Examination of the factors and included items suggested
that the four factors reflected everyday tasks, productivity,
rest and recovery and interacting with others, respectively.
Next, internal consistency was examined by calculating
Cronbach’s alpha. For the full 12-item mCASS, results
were satisfactory (¢=.826). On a subscale level, the rest
and recovery factor and the productivity factor had adequate
internal consistency (a=.742 and .731, respectively). The
internal consistencies for the everyday tasks and the interact-
ing with others factor were lower (a = .692 and .668 respect-
ively); however, it should be noted that the equation for
Cronbach’s alpha penalizes low number of items and that
the commonly used cut-off of >0.7 does not apply to
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Step count I

Sleep |

Data Type

Pulse I

ADHD |

Perceived Sensitivity

50 75 100

Figure 3. Perceived sensitivity of data types.

Note. Participants rated perceived sensitivity for each data type on a VAS ranging from 0 (‘Not at all sensitive’) to 100 (‘Very sensitive’).

Violin plots showing the distributions of ratings are displayed.

subscales. Table 4 shows factor loadings for each item of the
mCASS, as well as Cronbach’s alpha for each factor.

Concurrent validity of the 12-item mCASS was evalu-
ated by calculating Pearson’s r against the ASRS-V1.1
Screener total score. Results from this revealed satisfactory
concurrent validity (r=.595), suggesting an appropriate
overlap in construct measured by the two instruments.
The final 12-item version of the mCASS is presented in
Supplementary material 3.

Discussion

Principal findings

The current study describes an initiative to scientifically
develop and validate the mCASS, a self-reporting instru-
ment for long-term ADHD symptom monitoring, specific-
ally for inclusion in a smartphone app. Insights from the
initial qualitative interview phase resulted in a 15-item
instrument. It was consequently shortened to 12 items
after collection of pilot data from participants with self-
reported ADHD (n=397) and subsequent psychometric
analyses, which revealed a four-factor solution. Moreover,
the mCASS demonstrated satisfactory concurrent validity

and internal consistency, and both qualitative and quantita-
tive results supported face validity for all included items.
In addition to developing and validating a new instru-
ment, the current study also offers insights that may
inform similar projects aiming to include app-based
symptom measurement for individuals with ADHD. Apart
from specific feedback on item content and other instrument
properties, qualitative analysis also revealed general aspects
relevant for adherence to regular monitoring among ADHD
patients and some recommendations for how to address
these. A reoccurring topic was that of respondent burden,
in which instrument characteristics such as length and mon-
itoring frequency were brought up. Once a week was the
frequency most recommended as the appropriate monitor-
ing cadence. However, some clinicians repeatedly worried
that this would be too great of a burden for the patient
group. Interestingly, this did not seem to be the case
when asking the ADHD participants: indeed, survey find-
ings instead confirmed that once a week was a suitable
and preferred frequency, with once a day as the second
most preferred. These results could suggest a general inter-
est for relatively frequent symptom monitoring among indi-
viduals with ADHD, somewhat in contrast with both the
current study’s findings from interviews with ADHD
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Table &. Exploratory factor analysis of the 12-item mCASS.

Factor 1: Everyday tasks

1. Performing and maintaining everyday routines (e.g., doing laundry, cleaning, showering, .616 .076  .055 —.049
brushing your teeth)?

2. Managing your personal finances (e.g., paying bills, sticking to a budget, saving money)? .647 001 .018  .079

3. Keeping track of important things (e.g., phone, keys, other belongings)? 499  .083  .044  .157

Factor 2: Productivity

4. Completing tasks or finishing projects when you had planned to (e.g., at home or at work/in your .184  .685  .021 —.083
studies)?

5. Staying focused when listening to someone (e.g., in conversations, meetings or lectures)?

6. Starting tasks that you considered boring or uninteresting?
Factor 3: Rest and recovery

7. Relaxing and unwinding?

8. Enjoying your leisure activities or interests?

9. Being able to notice when you needed to take a break?

Factor &4: Interacting with others

10. Interrupting others or not giving others opportunity to speak in conversations?

11. Conflicts with people close to you (e.g., partner, family members or friends)? .006

12. Saying things without thinking them through?

Cronbach’s alpha

—.079 .596 .033 234

—.023 .692 .028

—.027

—.020 .04L .635 .116

.030 -—.038 .822

—.039

.005 .096 .587

—.032

—.107 BB .021 .587

—.051 .209 498

149 —.013

—.026 726

.692 731 742 .668

Note. Minimum residual extraction method was used in combination with an oblimin rotation. Factor loadings above .40 are shown in bold.

clinicians and the standard procedure of yearly follow-ups
in routine care. This apparent discrepancy is important to
note and raises questions about whether more frequent
and regular monitoring of symptoms could positively
impact clinical outcomes or health literacy in this patient
group, similar to findings in other patient populations.®”’
The current literature on this topic is sparse, highlighting
a need for future studies to explore these potential benefits.
These investigations would be facilitated by the availability
of app-based monitoring instruments, such as the mCASS.

Previous studies examining the views of clinicians
working in psychiatry regarding implementation of routines
or tools for regular monitoring have found that while clin-
icians also feel positively about this, there are some

identified barriers. Among such is perceived lack of time,
which might negatively impact clinicians’ willingness or
possibilities to follow up on monitoring results.*** The
topic of time pressure was also brought up in the current
study, especially when discussing the design of in-app pres-
entation of monitoring results. For this topic, clinicians fre-
quently motivated presentation preferences based on time
efficiency. It is not unlikely that clinicians could have
assumed that more frequent monitoring would also entail
equally frequent clinician review of results. As such, it
may be difficult to distinguish between clinicians’ knowl-
edge about patient needs and their own preferences affected
by their work situation, i.e., viewing more frequent moni-
toring as inconvenient because of time limitations.
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Careful attention to this distinction should be paid in future
research.

Moreover, clinician discussions about respondent
burden extended beyond instrument length and monitoring
frequency to also include adaptations to patient and individ-
ual characteristics, such as cognitive function and under-
standing of ADHD symptoms, as necessary to reduce
respondent burden. For example, clinicians recommended
considering impairments in working memory and sustained
attention when creating instrument items. Suggestions for
how to address this included incorporating examples for
each item and not using too abstract symptom descriptions.
As individuals with ADHD often struggle to follow instruc-
tions as well as to remember and complete tasks, especially
tasks that are demanding,35 there is cause to believe that this
population might face greater barriers to long-term monitor-
ing adherence. For this reason, translation of ADHD
symptom expressions into practical design considerations
could be of great importance. Some previous research has
explored this area and proposed certain guidelines for
development of software and assistive technologies®®>”;
however, the literature is still scarce.

Results from the current study also revealed that
wording and tone of the instrument, as well as included
items, were believed to potentially affect patients’ willing-
ness to use and engage with the monitoring functionality.
Using a personal tone and phrasing items to make them
feel more alive and closer to reality was viewed as import-
ant for this patient group. This was contrasted against what
was described as a more clinical tone found in many exist-
ing instruments used in routine care. The reasoning behind
this advice from clinicians involved a concern that patients
would otherwise find the task of self-monitoring far too
boring to keep it up over a longer time period. In line
with this, there does indeed seem to exist a positive correl-
ation between ADHD symptoms and boredom proneness,>®
and previous research on continued use of mHealth apps
has also mentioned boredom as a factor causing users to
abandon them, though mainly in the context of limited
app features.>® Moreover, participating clinicians also indi-
cated that the tone of the instrument could be more import-
ant for patient adherence than length. This aligns with
previous literature suggesting that instrument length alone
is not a sufficient predictor of perceived respondent
burden; rather, it is also influenced by perceptions of the
instrument, interest and motivation.***!

Regarding integrity as a potential barrier to using app-
based symptom monitoring, previous research has sug-
gested that users of mHealth apps do have concerns about
security and privacy** and that such concerns are rated
higher when data is considered more sensitive.*’ Results
from the current study confirm that data on ADHD symp-
toms is indeed regarded as significantly more sensitive
than data on step count, pulse and sleep — three types of
health data that are often collected by smartphones and

wearables. Although it was beyond the scope of the
current study to examine the reasons for this discrepancy,
it is likely driven by the psychological and emotional
nature of symptoms as compared to more objective physio-
logical data or by concerns that information on ADHD
symptoms could have an economic impact if it reached,
e.g. employers or insurance companies. Nonetheless, the
results are in line with recent work that has found that sen-
sitivity of information is perceived to be higher for medical
diagnoses and mental health as compared to other health
information and lifestyle factors.** These concerns must
be addressed when developing mHealth apps for
symptom monitoring and especially so within the field of
mental health. Despite indications that privacy concerns
among users may have little effect on actual data-sharing
behawiours,“s’46 there are clear ethical reasons to help
users protect data they consider private. In their study,
Zhou et al.*? suggest several functionalities that users
reported would lower their privacy concerns, such as
encryption, user authentication and comprehensible
privacy policies.

At the outset of the current project, we examined previ-
ous literature for examples of instruments suitable for long-
term app-based monitoring of ADHD symptoms. We found
that studies within the field of EMA have included instru-
ments adapted and used for high-intensity, short-duration
monitoring protocols — a stark contrast to the yearly follow-
ups conducted in routine care for ADHD. Results from the
conducted interviews and survey yielded a new monitoring
instrument, the mCASS. This instrument strikes a balance
between these two approaches by enabling more frequent
assessments than the typical yearly follow-ups while also
aiming to accommodate longer monitoring durations than
conventional EMA protocols.

Strengths and limitations

To our knowledge, the mixed-methods study described
herein is the first to take a comprehensive approach to
both develop and validate an instrument specifically
intended for app-based long-term monitoring of ADHD
symptoms. Strengths of this study include the use of both
groups of target users as informants in the development
and validation process described, including both experi-
enced ADHD clinicians (a third of which had over 10
years of experience) and a relatively large sample of indivi-
duals with self-reported ADHD (n=397). Importantly,
including both stakeholders, at different development
stages, minimizes the risk of sampling bias that could
shape design considerations negatively. Importantly, there
is some indication in the literature that individuals differ
in how frequently they use mHealth apps based on, e.g.,
demographic variables and individual skills.*” mHealth
development efforts must therefore strive to consider the
broader target group when making design decisions.
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An obvious limitation of the current study is that the
newly developed and validated mCASS has not yet been
deployed in the intended format (a smartphone app);
hence, feasibility estimates, including actual adherence
rates, are not yet available.

Other limitations include the final interview sample con-
sisting of women only. Only two individuals out of the 24
interested in the study were men, meaning that sex could
not be used as a variable for stratified sampling. This
likely affected the width of experiences uncovered in the
interviews. Likewise, few psychiatrists were recruited to
take part in this study; the final sample included only one.
Efforts were made to recruit more psychiatrists, but this
proved challenging, likely due to the general difficulty psy-
chiatrists face in making time during their workdays. While
psychiatrists play a crucial role in the care of ADHD
patients, such as prescribing medication, it is important to
note that much of the ongoing care is provided by other
healthcare professionals represented in this study. This
includes follow-ups on medication effects and potential
side effects, as well as non-pharmacological therapeutic
interventions. As to transferability of interview findings,
the clinicians were recruited from Swedish psychiatric
care and some interview findings could therefore be specific
to this context. Furthermore, qualitative analysis was con-
ducted only by the first author, which might affect the cred-
ibility of the results. It should however be noted that the
iterative nature of the interviews constituted an internal
process of validation since analysis results were brought
back for clinicians to react to and correct if necessary. For
the quantitative survey phase, data collection entailed a
low degree of control regarding the conscientiousness
with which participants provided their answers. These
issues can occur in most survey-based procedures, and pre-
vious research suggests that data collected through the
Prolific.co platform is of good quality.*® Relatedly, there
was no way to confirm if participants were actually diag-
nosed with ADHD. However, since the final app, in
which the mCASS will be included, will be released to
the public and not require any verification of diagnosis,
such an inclusion criterion could have rendered the findings
from this preliminary validation less representative of the
larger, intended user group. Moreover, even though
results indicated satisfactory internal consistency and con-
current validity of the mCASS, it is important to note that
since an initial translation was required already at the devel-
opment stage for data collection reasons, the standard pro-
cedure for instrument translation* was not followed in this
case. This limitation is also connected to the risk of losing
aspects specifically related to the tone and wording of items,
one of the points raised by clinicians during the develop-
ment phase. While the authors involved in the translation
process were aware of this risk and made every effort to
bring all recommendations by clinicians into the English
version, no detailed conclusions can be drawn regarding

how tone and wording of items are perceived by individuals
with ADHD, regardless of translation used. Importantly, the
preliminary psychometric findings presented herein suggest
that items are interpreted and function as intended.

Conclusions and future directions

The current study describes the development and validation
of the mCASS, a novel self-rating instrument for long-term
app-based monitoring of ADHD symptoms. Findings
revealed that the instrument, informed by experiences of
both clinicians and individuals with ADHD, appears to be
valid for assessing ADHD symptoms in the intended
format. Future studies should reassess the psychometric
properties of the mCASS using a clinical sample of indivi-
duals with verified ADHD diagnosis, as well as examine
measurement invariance of the mCASS across variables
such as sex or pharmacological treatment status.

Moreover, this study gathered important insights into
what to consider when designing mHealth instruments for
individuals with ADHD. Clinicians provided information
about factors pertaining both to the clinical care context
and to patient characteristics, which were all viewed as
important from the perspective of willingness to use and
adherence to an mHealth symptom monitoring app. These
insights can be valuable for future, similar, mHealth initia-
tives. Future studies concerned with increasing use of
mHealth apps should consider all parts of the app, including
any instruments it contains. Specifically, regarding the
instrument described herein, future steps should involve
generation of real-world evidence on feasibility and adher-
ence to an app utilizing the mCASS for long-term monitor-
ing of ADHD symptoms.
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