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ABSTRACT

Objective: Monitoring technology may assist in managing self-injurious behavior (SIB), a pervasive concern in
autism spectrum disorder (ASD). Affiliated stakeholder perspectives should be considered to design effective
and accepted SIB monitoring methods. We examined caregiver experiences to generate design guidance for
SIB monitoring technology.

Materials and Methods: Twenty-three educators and 16 parents of individuals with ASD and SIB completed
interviews or focus groups to discuss needs related to monitoring SIB and associated technology use.

Results: Qualitative content analysis of participant responses revealed 7 main themes associated with SIB and
technology: triggers, emotional responses, SIB characteristics, management approaches, caregiver impact,
child/student impact, and sensory/technology preferences.

Discussion: The derived themes indicated areas of emphasis for design at the intersection of monitoring and
SIB. Systems design at this intersection should consider the range of manifestations of and management
approaches for SIB. It should also attend to interactions among children with SIB, their caregivers, and the tech-
nology. Design should prioritize the transferability of physical technology and behavioral data as well as the
safety, durability, and sensory implications of technology.

Conclusions: The collected stakeholder perspectives provide preliminary groundwork for an SIB monitoring
system responsive to needs as articulated by caregivers. Technology design based on this groundwork should
follow an iterative process that meaningfully engages caregivers and individuals with SIB in naturalistic set-
tings.

Key words: autism spectrum disorders, nonsuicidal self-injury, caregivers, behavioral monitoring, qualitative analyses, consumer
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INTRODUCTION

Autism spectrum disorder and self-injurious behavior
Autism spectrum disorder (ASD) is a prevalent pervasive develop-
mental disability, affecting an estimated 1 in 59 youths." In addition
to atypical behaviors related to socialization and communication, a
majority (68%) of children with ASD exhibit behaviors that can
have physical consequences.”> Such behaviors often fall under the
umbrella term of self-injurious behavior (SIB).>* SIB can include re-
petitive and rhythmic behaviors such as head banging and self-hit-
ting,® and is a leading cause of hospitalization for children with
ASD. Parents and educators (hereafter referred to as caregivers) are
often unable to control these episodes,” especially as children reach
adolescence.

Early childhood interventions, such as applied behavioral analy-
sis, can support individuals with SIB and mitigate challenges associ-
ated with SIB. Many providers engage in applied behavioral analysis
detect  triggers
(“antecedents™) of SIB before developing a management plan to
guide interventions that would address such triggers.®'° Functional
assessments are based on the well-established history of direct obser-
vational assessments.’! In completing functional assessments, de-

consisting of functional assessments to

tailed events preceding and following SIB are recorded and
described, along with other potentially relevant information such as
environmental factors.'® Traditional functional assessments are of-
ten time-consuming to complete, due to the required attention to
details in observation and extensive note taking, as well as the data
complexity.'! A further drawback associated with such assessments
is that the behavior of interest (eg, SIB) may not be observed, owing
to factors such as the time window of assessment or an absence of
triggers in a specific environment.'? Assessments may therefore need
to be repeated, adding to the required time for completion. Smart
behavioral tracking methods could help alleviate this workload
from clinicians or caregivers by capturing relevant behaviors auto-
matically vs manually.

Clinicians can complete functional assessments or train care-
givers to perform them. Functional assessments performed by clini-
cians are informed by their substantial and specialized training,'®
yet results can suffer from low ecological validity because they are
unable to capture behaviors commonly occurring outside of the
clinic, such as the home.' Triggers identified from a functional as-
sessment in the clinic may not accurately represent the triggers of
SIB in other environments, and thus functional assessment results
may not transfer across environments.'* When caregivers help com-
plete analyses in more than 1 context, behavioral data are often
more ecologically valid than when data are limited to 1 setting.'®
Caregivers can face challenges with demands on attention (eg., other
children or students, or other household or classroom responsibili-
ties) while attempting to adhere to analysis protocols. Caregivers
may not be able to record events while trying to safely control an
SIB episode’; consequently, triggers may only be recalled afterward
and be subject to recall bias, affecting accuracy.'® Monitoring tech-
nology could mitigate such challenges, and facilitate a more compre-
hensive and objective approach to functional assessments.

Monitoring technology for ASD

Sensors that record activity and other health-related data
support monitoring beyond the clinic and advance functional assess-
ment for ASD. Such sensors could provide continuous monitoring of
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SIB across contexts, extending into nonclinical settings such as the
home and school. Continuously collected and accessible data could

also inform decisions about time-sensitive injury risk to individuals
or caregivers.'®! Technology may also enable people with ASD to
self-monitor (eg, alerting them to recognize emotional states typi-
cally leading to SIB, and proactively suggesting replacement activi-
ties),?? offer warnings of SIB onset with management suggestions to
caregivers, or help caregivers understand children’s behavioral and
diurnal trends.*>Technology-based interventions are feasible and ef-
fective for ASD**72° but have not been studied for SIB.

Caregiver inclusion

Caregivers should be critical contributors to the development of
monitoring technology, given their expertise in the day-to-day reali-
ties of SIB monitoring and management.>” The importance of care-
giver involvement has been demonstrated in systems design for
people with cognitive disabilities?® and children.”” To the best of
our knowledge, studies on the design of monitoring technologies for
ASD have not included both educators and parents.>*¢ Failure to
include caregivers during the design process may lead to inaccessible
or undesired products and misused (or unused) innovations, in addi-
tion to unintended consequences.>%>!

Caregiver experiences related to monitoring and managing SIB
have been explored from a psychological, but not technology design,
perspective. Prior work exploring family experiences with SIB” and
anxiety>? among individuals with ASD found that such experiences
related to financial strain and harmful effects on family well-being,”
and that child anxiety was often more of a concern than the diagno-

sis itself.>?

While providing valuable insight related to the effects of
SIB and anxiety on parents and home caregivers, these studies did
not explicitly address technology-related needs. Furthermore, previ-
ous studies did not simultaneously consider parents and educators
as caregivers, nor did they account for multiple contexts of use (eg,
home, school). Technology needs and effectiveness may differ across
settings,®> and different perspectives are likely to lead to more ro-
bust designs that can meet the needs of different users.”> To create
effective SIB monitoring technology, interdisciplinary informatics re-
search should assess needs, including social, environmental, and or-
ganizational factors affecting lived experience with SIB.?3*738 The
purpose of this study is to assess multiple caregiver perspectives
across settings for SIB monitoring technology to explicitly elicit
guidance for a system design.

MATERIALS AND METHODS

Sample and setting

Participants were recruited from rural and urban areas within the
Mid-Atlantic United States. Recruitment occurred at a private
school offering ASD services and through researcher networks. Indi-
viduals who self-identified as either parents or guardians (hereafter
referred to as parents) or educators of children and students with
ASD and SIB participated. Consistent with prior work, the term chil-
dren and students refers to individuals with ASD and SIB between f
2 and 30 years of age.>” Although aggression is more prevalent in
children under 9 years of age,” it often persists as children age.*®
Data collection emphasized associated caregivers, because many
individuals with SIB were expected to be minimally verbal or
“preverbal” based on pilot data and prior work.*® All adult partici-
pants provided informed consent before data collection, and re-
search procedures were approved by the University of Virginia
Institutional Review Board for Social and Behavioral Sciences and
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the Virginia Tech Institutional Review Board. Participants received
$20 gift cards and travel compensation.

Data collection

To enable triangulation through data collection methods, interviews
and focus groups were held concurrently using the same questions
for both methods of data collection. Individual interviews were con-
ducted with caregivers who were recruited via snowball sampling,
whereas focus groups were conducted with individuals who were
recruited through community partners (eg, schools or parent sup-
port groups). Individual interviews lasted approximately 1 hour,
and focus groups 1.5 hours.*! Remote interviews occurred over the
phone, whereas in-person interviews and focus groups occurred in
private conference rooms in public locations (eg, public libraries).
Focus groups were conducted separately for parents and educators.
An initial set of broad, open-ended questions built on prior work re-
lated to aggression and ASD” and previous literature emphasizing

2542 was developed to capture a wide

the context of technology use
range of responses.*> Subject matter experts, including a parent, an
educator, and a clinician, evaluated the initial interview questions
before use to ensure that they captured relevant discussion points,
used preferred terminology, and comprehensively covered important
characteristics of SIB and monitoring technology. Questions
spanned topics of SIB and its management, current and projected
use of monitoring technology, and related benefits and challenges.
The initial set of questions was used in the first 3 parent and educa-
tor interviews. Analysis of results from this first stage led to a second
version of interview questions capturing additional discussion
topics, specifically related to technology (eg, incorporating nondigi-
tal technology), child sensory preferences, and the wide variety of
SIB definitions. Questions were again checked by experts and
remained unchanged for the remainder of the study.

The interviews and focus groups concluded with an introduction
of 2 potential forms of monitoring technology. The moderator ex-
plicitly stated that the devices were only examples and that the
researchers had neither affiliation nor investment with such prod-
ucts. These technologies consisted of on-the-market remote data col-
lection devices explored specifically for ASD. Each highlighted
different potential technology: (1) accelerometers without attach-
ment methods (isolated from a wrist band), representing wearable
devices**; and (2) a combined depth and video camera, representing
nonwearable devices.”**

Demographic questionnaires were distributed after session com-
pletion to collect information on age, sex, race, and ethnicity, and
all participants except for 4 educators completed them. Several ques-
tions differed between the parent and educator demographic ques-
tionnaires. For example, parents were asked about their relationship
to the child and to rate the degree to which SIB presents a challeng-
ing problem. Educators were asked to describe their roles and expe-
rience in education. Several interview questions also differed
between parents and educators to accommodate for appropriate set-
tings (home and school) and terminology (family and students). For
example, parents were probed about the impact of SIB in their per-
sonal lives and asked in detail about their children’s specific prefer-
ences or aversions and range of behaviors. Educators were asked to
describe the children they taught in terms of perceived diagnosis se-
verity and about the range of behaviors encountered throughout
their years of teaching. Please see the Supplementary Appendix for
demographic questionnaires and interview guides.

Data analysis

All interactive aspects of data collection were audio-recorded, pro-
fessionally transcribed, and subsequently de-identified. The first 6
interviews were used both as part of the main analysis and to estab-
lish the codebook. Three members of the team (K.D.C.-G., C.D.K.,
D.M.G.F.) repeatedly read through the texts to examine the dataset
as a whole.”® Data analysis was informed by qualitative content
analysis methods,*® specifically Hsich and Shannon’s*® procedure
for conventional content analysis. This approach was used to gener-
ate descriptive themes and categories, but modified to organize
results for the design community.*” Data analysis was conducted us-
ing QSR NVivo v10 (QSR International, Doncaster, Austral-
ia).**K.D.C.-G., C.D.K.,, and D.M.G.F. independently coded
transcripts before joining to develop a synthesized list of codes. Af-
terward, with R.S.V., these codes were placed on separate index
cards for card sorting which led to the development of themes and
categories. Card sorting was used to identify main themes that were
conceptually distinct. Cross-cutting themes, relevant to all of the
main themes, were identified during the discussion that resulted
from card sorting. After developing the initial codebook, the
researchers divided the remaining transcripts and completed analy-
ses, regularly discussing questions, concerns, and potential discrep-
ancies. The content of regularly occurring discussions was captured
by the K.D.C.-G., and mapped collaboratively to appropriate main
and cross-cutting themes. Through discussions and consensus build-
ing, the codebook was iteratively updated to promote consistent
coding of remaining data. The codebook included documentation of
labels, definitions, and relevant examples for inclusion and exclu-
sion in each main theme and category.*” Simultaneous coding
allowed multiple meanings to be captured if several were repre-
sented within 1 textual sample.*’ The final codebook is presented in
Supplementary Appendix.

RESULTS

Participants

Thirty-nine individuals participated (Table 1). Parent participants
discussed children ranging from 6 to 26 years of age (mean 14.1 *
6.7 years of age; 12 sons, 3 daughters), whereas educators discussed
students whose ages were estimated as 3-22 years. Parents’ ratings
of the degree to which SIB presents a challenging problem ranged
from 1 (minor problem) to 3 (severe problem), with a mean of 1.8
and mode of 2. Educator responsibilities varied widely and included
teaching, programmatic, and administrative roles. Educators often
had applied behavioral analysis training.

Main themes

Participant responses revealed 7 main themes. Six specifically de-
scribed SIB: (1) triggers, (2) emotional responses, (3) SIB characteris-
tics, (4) management approaches, (5) child/student impact, and (6)
caregiver impact. Responses involving current technology motivated
the theme of (7) sensory/technology preferences. The Supplementary
Appendix provides themes, subthemes, and supporting quotes for
each main theme, as summarized subsequently.

Triggers

When asked to discuss patterns of SIB, participants described known
or uncertain triggers that were potential antecedents (events and
conditions). Triggers were variable across children or students and
within their daily presentation. Although some were concretely
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Table 1. Summary information on parents and educators

Participants Gender profile Age (y) Years of experience Number of focus groups
Parents 2 fathers, 31-62 2

14 mothers (45.1 £ 8.1) NA (2 and 3 people)
Educators 8 men, 22-46 2-24 2

15 women (31.1 = 7.8) (7.6 = 6.2) (7 and 10 people)

Values are range (mean =+ SD).
NA, not applicable.

established, such as SIBs occurring directly after a specific event (1
[R1]) (Supplementary Appendix), others were more vaguely de-
scribed (eg, fatigue [R2] or communication [R3]).

Emotional responses

Participants commented on emotional responses from the child that
preceded SIB, describing reactions that led to or occurred during
SIB. Emotions, often discussed in terms of direct causes of the be-
havior, involved feelings of upset, stress, frustration, or anger (R4).
Positive emotions, like enjoyment or excitement, were discussed as
both a cause of (R5) and a response to (R6) the behavior.

Self-injurious behavior characteristics

Participants described hurtful or harmful actions the child took to-
ward him/herself that could or did lead to injury. Participants de-
fined SIB and described intensity, duration, and frequency (R7),
including a variety of SIB types with variable presentations. Parents
noticed SIB onset at different ages, starting as young as 2.5 years of
age, before an ASD diagnosis (R8). Characteristics of SIB often
changed over time (R9). Participants reported that their children or
students showed SIB in certain settings (eg, in the home but not at
school) or used certain parts of that setting to self-injure (R10).

Management

Participants discussed current and past methods or approaches they
or others use to change aspects of SIB. They described managing SIB
in terms of sense-making (data collection) of the behavior, which of-
ten informed management methods. Both parents and educators
noted issues with data collection while simultaneously managing be-
havior, indicating conflict between management safety and data ac-
curacy (R11). Participants described the inconvenience and safety
risk of using supplementary material (pencil, clipboard, chart, and a
timer) (R12). Management strategies and their effectiveness varied
widely, depending on the approach as well as the circumstances
(R13, R14). Examples of approaches included ignoring the behav-
ior, redirecting the behavior (R15), and using a token system to re-
ward positive behavior.

Child/student impact

Participants described observed meta-level effects of SIB on their
children or students, who frequently experienced social isolation
through exclusion and limitations in social life. They often aimed to
help students adapt to social norms, such as teaching them to redi-
rect SIB into alternative behaviors when with friends (R16). Long-
term health effects, including tissue damage, eyesight loss, and con-
cussions, and resulting hospital stays, were also discussed. Partici-
pants described effects of SIB on education, with limited options for
schools and services due to safety concerns. Once in school, SIB pre-

vented students from accessing the curriculum, often due to missed
class time (R17).

Caregiver impact

Participants commonly reported meta-level effects of SIB on parents
or guardians, family, and educators of people with SIB. Caregivers
experienced emotions such as stress and despair (R18, R19) as well
as concerns over finances and education (R20). Participants
explained tension in relationships due to SIB, such as with loved
ones who might experience a stressed caregiver or perceive SIB and
its management differently (R21). Participants also described diffi-
culty in bringing children or students with SIB into the community,
feeling less in control of managing SIB, and feeling judged when in
public.

Sensory/technology preferences

Participants described reactions (sensory-seeking or sensory-
avoidance) to objects or events that indirectly or directly relate to
technology through stimuli or technology use. Examples of preferred
stimuli included sequins or soft material, repetitive cartoons or
noises, scents, physical pressure, and vibration. Participants men-
tioned examples of desensitization for sensory aversions (R22), de-
scribed current technology use (eg, cellphones and timers [R23]) and
potential use (eg, preferred methods of attachment of smart health
technology), and discussed available and commonly used manual
monitoring techniques (R24).

After seeing examples of wearable and nonwearable technology,
participants expressed reservations about individuals with SIB inter-
acting with such technology. For example, participants discussed
possibly losing the accelerometer, and suggested adhering it to cloth-
ing or directly to the body to avoid problems of disrobing. Partici-
pants also suggested safe and easy removal to support safety of
children and caregivers (R25). Caregivers indicated reservations
about students noticing the depth camera in the environment and its
field of view. They indicated that a wearable device with flexible
and discrete placement on the child or student (R26), or on the care-
giver (eg, camera), could address individual sensory concerns while
remaining inconspicuous.

Crosscutting themes

Data were also cross-coded with 2 underlying themes, uncertainty
and state of experience (hypothetical vs existing experiences). These
themes were evident throughout all 7 main themes, and capture pro-
jected needs and concerns. Feelings of uncertainty often appeared to
motivate comments about SIB definitions and origins (R27, R28).
Individual interviewees commonly asked the interviewer if the dis-
cussed behavior qualified as SIB. Further, limited communication
between children or students with communication difficulties and
caregivers led to caregiver speculation about triggers, child or
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student emotions, and long-term impact. Participants described
experiences from the past and present, as well as anticipated experi-
ences. For example, caregivers discussed hypotheticals about data
collection systems (R29) and hopes for data collection future tech-
nology (R30).

Parent or educator differences

Parent or educator differences were not formally coded but were
noted during team discussions. Although parents and educators
shared similar SIB experiences with the same pervasive themes in
Supplementary Appendix, there were several differences between
the 2 groups. Educators described data collection as integral to their
job, especially in private schools for students with ASD (R31).
Parents, however, noted demands that often prevented data collec-
tion (R32). Both groups discussed ways their contexts (school or
home) served as a barrier to understanding SIB. Educators also dis-
cussed trends observed in groups of students, while parents spoke of
their individual child (R33). Financial impact was only reported in
parent experiences (R34).

DISCUSSION

Parent and educator responses revealed 7 main themes (Supplemen-
tary Appendix). The first 4 encompassed experiences before, during,
and after SIB (triggers, emotional responses, SIB characteristics, and
management approaches). Two others comprised long-term effects
of SIB on the child and the caregiver (child/student impact and care-
giver impact). Interactions with technology, particularly as applied
to potential monitoring, were captured by the final theme (sensory/
technology preferences). Orthogonal to these 7 themes were the
crosscutting themes of uncertainty and state of experience. Parent or
educator differences were observed across multiple themes.

SIB onset and management

Our findings related to the first 4 themes characterizing SIB, its trig-
gers, and its management support previous research in several
respects. Triggers identified here have also been reported in prior
work, including escape from demands and change in routine (cogni-
tive rigidity).® SIB types, such as head banging and self-biting, and
the variable SIB duration also reflect earlier findings.*>° In contrast
to prior work,**® however, caregivers discussed explicit uncertainty
about triggers and definitions of SIB. This uncertainty could stem
from the changing triggers and continuously evolving behaviors that
caregivers described (ie, that SIB may change in form for a given in-
dividual), which requires additional behavioral monitoring and
changes to management plans. Findings related to ambiguously de-
fined and evolving triggers and behaviors have novel implications
for design. For example, SIB monitoring should include adaptive
(smart) monitoring technology to learn changing behaviors or new
types of SIB, and provide such information to caregivers. Such tech-
nology could thereby help reduce workload associated with manag-
ing uncertainty and changes over time. Moreover, the specific
timing of SIB could offer information about triggers (eg, if SIB
occurs at 8:05 am, and the school bus comes at 8:10 AM, an event re-
lated to the bus may be the trigger). Additionally, quantifying inten-
sity (eg, through collecting accelerometry data and calculating
acceleration derivatives of SIB movement) could help determine
risks of the behavior, or whether it could be considered self-
injurious (eg, based on repetitiveness or velocity).

Caregivers also discussed management approaches. Similar to
the work of Holden et al*® on chronic illness management, our find-
ings suggest that SIB management depends on existing resources,
caregiver engagement, and support systems. In an earlier report,””
researchers concluded that caregiver participation in medical data
systems is critical to obtaining accurate data. Different from prior
work, our findings reveal a critical need to consider the implications
of simultaneously collecting data and mitigating risk. Specifically,
caregivers noted concerns with potential conflicts between child or
student safety and data accuracy, which technology could address.
Automatic detection of SIB and accessible resources for management
could alleviate caregiver responsibility by reducing workload while
collecting accurate data.>®**” Technology could also incorporate
warnings of escalating behavior through the phone to support child
safety. Last, it could provide caregivers with suggestions for man-
agement “next steps,” similar to notifications and suggestions pro-
vided by smartphones, including individualized education programs.

Our results indicate that collaboration between parents and edu-
cators supports consistent management methods, typically resulting
in more positive management outcomes. This finding supports the
need for SIB monitoring harmony, reflecting the goal of a synchro-
nized and multiple user—centered database?” in which specified care-
givers and individuals can input and access SIB data and trends.
Such a database could address the need to stay informed about child
or student progress, alert caregivers of potential episodes, provide
features for scheduling team meetings, and highlight behavioral data
of particular concern across settings.

Long-term effects of SIB

Two other themes emerged relating to the long-term impacts of SIB
on the child or student and caregiver. While prior national surveys
highlighted that adults with SIB suffer from social isolation,** our
results extend this finding to youth with ASD. Different from previ-
ous findings, caregivers discussed the impact of SIB on accessing the
curriculum, implying potential hindering of educational opportuni-
ties. Similar to earlier reports examining SIB or aggression in ASD,
we found that SIB impacts caregivers through high levels of stress,
strains on relationships and finances, and insufficient resources.”>!
Monitoring technology could address effects of SIB (eg, seclusion,
lack of resources) through integration of technology fostering social
support and community. A feature could remind caregivers to care
for themselves during periods of high SIB frequency that may elicit
high caregiver stress. Future work should examine user preferences
for community facets of SIB monitoring, specifically to address the
timing and type of caregiver prompts or notifications when the tech-
nology detects an increase in SIB. A feature of SIB monitoring could
connect caregivers who are familiar with managing SIB to other
caregivers who are managing increased or worsened SIB, which
could support the sharing of effective management methods in times
of need.

Technology preferences

The last main theme, sensory/technology preferences, captured cur-
rent technology use and prospective preferences about monitoring
technology. Participant comments were of particular interest if
cross-coded with uncertainty or a hypothetical experience; these
themes often emphasized areas of need such as attachment location.
Our work, combined with earlier evidence, indicates that a wide va-
riety of technology is used among individuals with ASD in home and
school settings.’* Designers should consider technology already inte-
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grated into daily routines to support a smooth transition into SIB
monitoring. For example, SIB monitoring could be integrated into a
portal for communication between parents and educators. A report
of the behaviors occurring at school could be sent automatically to
parents before pickup, which would support consistency of care and
school or home transitions.

Our study contributes to a broad understanding of design
options for ASD and SIB by exploring related sensory stimuli for
technology use. For example, participants mentioned “soft” (non-
electronic) technologies, such as “chewy bands” for behavior redi-
rection from biting oneself, which were excluded in other work
examining technology-related interventions for ASD.? We suggest
that “soft” technologies could be incorporated into the hardware
design to encourage user acceptance or redirection, such as encasing
wearables with such technology or adding separate attachments
with soft technology options (see Supplementary Appendix for de-
sign suggestions).

Additional sensory preferences (eg, pressure or vibration) could
also be critical if the system is designed to notify the person with SIB
of their escalating state. Future work should consider methods of
feedback to notify children and caregivers of oncoming SIB, specifi-
cally examining the effects of the type, duration, and timing of feed-
back (before, during, and after SIB) on child and caregiver attention
(eg, eye gaze and response time). However, based on present find-
ings, we recommend that designers and caregivers include sensory
feedback with caution; participants noted that once accustomed to
an input and resulting feedback, children or students could fixate on
that input-output loop and even use it for sensory stimulation. Fur-
ther, the device itself could be used for sensory stimulation (eg, re-
peatedly rubbing or biting preferable material), or for self-injury (eg,
using a body-worn sensor to hit themselves, or environmental tech-
nology to aggress). Designs should be examined beyond abbreviated
study sessions among children with ASD and SIB to consider such
potential interactions with technology. Resulting designs could offer
flexible customization such as selections of sounds, lights, prints or
colors, and attachment locations and methods to account for indi-
vidual specific sensory preferences, aversions, and potential stimula-
tion or fixation.

Limitations

Parents included in the study predominantly discussed sons with
ASD and SIB. Though we did not target a particular gender ratio,
the resulting sample included children who reflected the widely cited
4:1 male-to-female ratio for ASD diagnoses.>® Participants were
recruited from a relatively broad geographic region, but this study
could be augmented with future work from other regions. Future re-
search should also include more fathers. Though we collected more
male perspectives than in prior work,” several of the mothers inter-
viewed suggested that their parenting approaches often differed
from the those of the other parent involved. Additional work could
support design that represents diverse perspectives of parental care-
givers.

CONCLUSION

Seven main themes emerged regarding SIB and related technology
needs, which were used to offer design considerations for future
monitoring technology. This study included caregivers of children
with a wide age range (6-26 years of age), which supports both early

intervention for SIB and continued support for young adults.”>*3

Because participatory design can promote long-term adoption,>®

subsequent studies should also include children in participatory de-
sign. Early design feedback can be obtained from caregivers using
technology with children, and from children interacting with tech-
nology in the presence of caregivers. Interactions with such technol-
ogy should be evaluated with careful attention to unforeseen uses
(eg, a hand sensor impacting the head of a child hitting him/herself).
Technology should also be evaluated in groups of students to exam-
ine social influences among children with and without the devices,
which would be of particular importance in school settings. We ex-
pect that technology acceptance and effectiveness may be promoted
by building technologies responsive to the needs articulated by care-
givers in this and other studies. Once adopted, SIB monitoring could
support remote care for a pervasive concern in an increasingly prev-
alent disability.

FUNDING

This research was supported by a National Science Foundation Graduate Re-
search Fellowship (to KDC-G) and a 4-VA Collaborative Research Grant (to
RSV and MAN). However, neither agency had any involvement in data analy-
sis, interpretation, or the decision to publish.

AUTHOR CONTRIBUTIONS

KDC-G and RSV conceptualized the study with support from MAN, SWW,
and SK. KDC-G led data collection and analysis efforts with support from
CDK and DMGF. All data collection and analysis was overseen by RSV.
KDC-G, RSV, and MAN led writing efforts with contributions from everyone
else. All authors reviewed and approved the final manuscript.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Journal of the American Medical Infor-
matics Association online

CONFLICT OF INTEREST STATEMENT

The authors declare no competing interests.

REFERENCES

1. Baio J, Wiggins L, Christensen DL, et al. Prevalence of autism spectrum
disorder among children aged 8 years—autism and developmental disabil-
ities monitoring network, 11 sites, United States, 2014. MMWR Surveill
Summ 2018; 67 (6): 1-12.

2. Kanne SM, Mazurek MO. Aggression in children and adolescents with
ASD: Prevalence and risk factors. | Autism Dev Disord 20115 41 (7):
926-37.

3. McCracken JT, McGough J, Shah B, et al. Risperidone in children with
autism and serious behavioral problems. N Engl | Med 2002; 347 (5):
314-21.

4. Mahatmya D, Zobel A, Valdovinos MG. Treatment approaches for self-
injurious behavior in individuals with autism: behavioral and pharmaco-
logical methods. | Early Intens Behav Interven 2008; 5 (1): 106-18.

5. Minshawi NF, Hurwitz S, Fodstad JC, et al. The association between self-
injurious behaviors and autism spectrum disorders. Psychol Res Behav
Manag 20145 7: 125-36.

6. Kalb LG, Vasa RA, Ballard ED, et al. Epidemiology of injury-related
emergency department visits in the US among youth with autism spectrum
disorder. | Autism Dev Disord 2016; 46 (8): 2756-63.



Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 2

309

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hodgetts S, Nicholas D, Zwaigenbaum L. Home sweet home? Families’
experiences with aggression in children with autism spectrum disorders.
Focus Autism Other Dev Disabl 2013528 (3): 166-74.

Goodwin M, Haghighi M, Tang Q, Akcakaya M, Erdogmus D, Intille S.
Moving towards a real-time system for automatically recognizing stereo-
typical motor movements in individuals on the autism spectrum using
wireless accelerometry. In: proceedings of the 2014 ACM International
Joint Conference on Pervasive and Ubiquitous Computing (UbiComp
*14); 2014: 861-72; Seattle, WA.

Kirby AV, Boyd BA, Williams KL, Faldowski RA, Baranek GT. Sensory
and repetitive behaviors among children with autism spectrum disorder at
home. Autism 2017;21 (2): 142-54.

Williams SK, Johnson C, Sukhodolsky DG. The role of the school psychol-
ogist in the inclusive education of school-age children with autism spec-
trum disorders. ] School Psychol 2005343 (2): 117-36.

McMahon RJ, Forehand RL. Helping the Noncompliant Child: Family-
Based Treatment for Oppositional Behavior. New York, NY: Guilford
Press; 2005.

Sturmey P. Functional Analysis in Clinical Treatment. San Diego, CA: Ac-
ademic Press; 2020.

Tarbox J, Wilke AE, Najdowski AC, et al. Comparing indirect, descrip-
tive, and experimental functional assessments of challenging behavior in
children with autism. ] Dev Phys Disabil 2009; 21 (6): 493-514.

Dunlap G, Newton JS, Fox L, et al. Family involvement in functional as-
sessment and positive behavior support. Focus Autism Other Dev Disabl
2001; 16 (4): 215-21.

Tavares ], Oliveira T. Electronic health record patient portal adoption by
health care consumers: an acceptance model and survey. | Med Internet
Res 20165 18 (3): e49.

Chen KY, Janz KF, Zhu W, et al. Re-defining the roles of sensors in objec-
tive physical activity monitoring. Med Sci Sports Exerc 2012; 44(1 Suppl
1): $13-523.

Beckham AJ, Greene TB, Meltzer-Brody S. A pilot study of heart rate vari-
ability biofeedback therapy in the treatment of perinatal depression on a
specialized perinatal psychiatry inpatient unit. Arch Womens Ment Health
2013; 16 (1): 59-65.

Bates DW, Saria S, Ohno-Machado L, et al. Big data in health care: using
analytics to identify and manage high-risk and high-cost patients. Health
Aff (Millwood) 2014; 33 (7): 1123-31.

Banaee H, Ahmed MU, Loutfi A. Data mining for wearable sensors in
health monitoring systems: a review of recent trends and challenges. Sen-
sors (Basel) 2013; 13 (12): 17472-500.

Patel S, Park H, Bonato P, et al. A review of wearable sensors and systems
with application in rehabilitation. | Neuroeng Rehabil 2012; 9 (1): 21.
Rantz M]J, Skubic M, Popescu M, et al. A new paradigm of technology-
enabled ‘vital signs’ for early detection of health change for older adults.
Gerontology 2014; 61 (3): 281-90.

Xin JF, Sheppard ME, Brown M. Brief report: Using iPads for self-
monitoring of students with autism. | Autism Dev Disord 2017; 47 (5):
1559-67.

Kientz JA, Hayes GR, Westeyn TL, et al. Pervasive computing and autism:
assisting caregivers of children with special needs. IEEE Pervasive Com-
put 2007; 6 (1): 28-35.

Fletcher-Watson S. A targeted review of computer-assisted learning for
people with autism spectrum disorder: towards a consistent methodology.
Rev J Autism Dev Disord 2014; 1 (2): 87-100.

Odom SL, Thompson JL, Hedges S, et al. Technology-aided interventions
and instruction for adolescents with autism spectrum disorder. | Autism
Dev Disord 20153545 (12): 3805-19.

Daniels J, Haber N, Voss C, et al. Feasibility testing of a wearable behav-
ioral aid for social learning in children with autism. Appl Clin Inform
2018;9 (1): 129-40.

Pandolfe F, Wright A, Slack WV, et al. Rethinking the outpatient medica-
tion list: Increasing patient activation and education while architecting for

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45

46.

47.

48.
49.

centralization and improved medication reconciliation. | Am Med Inform
Assoc 2018; 25 (8): 1047-53.

Archer N, Keshavjee K, Demers C, et al. Online self-management inter-
ventions for chronically ill patients: cognitive impairment and technology
issues. Int | Med Inform 2014; 83 (4): 264-72.

Tetzlaff L. Consumer informatics in chronic illness. ] Am Med Inform
Assoc 1997; 4 (4): 285-300.

Coiera E, Ash J, Berg M. The unintended consequences of health informa-
tion technology revisited. Yearb Med Inform 2016525 (1): 163-9.

Ash JS, Berg M, Coiera E. Some unintended consequences of information
technology in health care: the nature of patient care information system-
related errors. ] Am Med Inform Assoc 2003; 11 (2): 104-12.

Ozsivadjian A, Knott F, Magiati I. Parent and child perspectives on the na-
ture of anxiety in children and young people with autism spectrum disor-
ders: a focus group study. Autism 2012516 (2): 107-21.

Lehoux P, Saint-Arnaud J, Richard L. The use of technology at home:
what patient manuals say and sell vs. What patients face and fear. Sociol
Health Illness 2004; 26 (5): 617-44.

Eysenbach G, Jadad AR. Evidence-based patient choice and consumer
health informatics in the internet age. ] Med Internet Res 2001; 3 (2):
el9.

Hardisty AR, Peirce SC, Preece A, et al. Bridging two translation gaps: a
new informatics research agenda for telemonitoring of chronic disease. Int
J Med Inform 2011; 80 (10): 734-44.

Gordon M, Henderson R, Holmes JH, et al. Participatory design of
ehealth solutions for women from vulnerable populations with perinatal
depression. | Am Med Inform Assoc 2016523 (1): 105-9.

Karsh B-T, Weinger MB, Abbott PA, et al. Health information technol-
ogy: fallacies and sober realities. ] Am Med Inform Assoc 20105 17 (6):
617-23.

Holden R]J, Valdez RS, Schubert CC, et al. Macroergonomic factors in the
patient work system: examining the context of patients with chronic ill-
ness. Ergonomics 2017; 60 (1): 26-43.

Rattaz C, Michelon C, Baghdadli A. Symptom severity as a risk factor for
self-injurious behaviours in adolescents with autism spectrum disorders.
J Intellect Disabil Res 20155 59 (8): 730-40.

Richards C, Moss J, Nelson L, et al. Persistence of self-injurious behaviour
in autism spectrum disorder over 3 years: a prospective cohort study of
risk markers. | Neurodev Disord 2016; 8: 21.

Kitzinger J. The methodology of focus groups: the importance of interac-
tion between research participants. Sociol Health Illness 1994; 16 (1):
103-21.

Giesbrecht E. Application of the human activity assistive technology
model for occupational therapy research. Aust Occup Ther ] 2013; 60 (4):
230-40.

Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res 2005; 15 (9): 1277-88.

Goodwin MS, Intille SS, Velicer WF, et al. Sensor-enabled detection of ste-
reotypical motor movements in persons with autism spectrum disorder.
In: proceedings of the 7th International Conference on Interaction Design
and Children; ACM; 2008; Chicago, IL.

. Goncalves N, Rodrigues JL, Costa S, et al. Automatic detection of stereo-

typed hand flapping movements: two different approaches. In: procedings
of 21st IEEE International Symposium on Robot and Human Interactive
Communication; 2012; Paris, France.

Graneheim UH, Lundman B. Qualitative content analysis in nursing re-
search: concepts, procedures and measures to achieve trustworthiness.
Nurse Educ Today 2004; 24 (2): 105-112.

Valdez RS, Holden R], Novak LL, et al. Transforming consumer health
informatics through a patient work framework: connecting patients to
context. | Am Med Inform Assoc 2015522 (1): 2-10.

NVivo OSR I 9 ed. QSRInternational; 2011.

Saldana J. The Coding Manual for Qualitative Researchers. Thousand
Oaks, CA: Sage; 2009.



310

Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 2

50.

51,

52.

Minshawi NF, Hurwitz S, Morriss D, et al. Multidisciplinary assessment
and treatment of self-injurious behavior in autism spectrum disorder and
intellectual disability: integration of psychological and biological theory
and approach. ] Autism Dev Disord 2015; 45 (6): 1541-68.

Lecavalier L, Leone S, Wiltz J. The impact of behaviour problems on care-
giver stress in young people with autism spectrum disorders. | Intellect
Disabil Res 2006; 50 (3): 172-83.

Cabibihan J-]J, Javed H, Aldosari M, et al. Sensing technologies for autism
spectrum disorder screening and intervention. Sensors (Basel) 20165 17

(12): 46.

53.

54.

55.

Fombonne E. Epidemiological surveys of autism and other pervasive de-
velopmental disorders: an update. | Autism Dev Disord 2003; 33 (4):
365-82.

Stahmer AC, Collings NM, Palinkas LA. Early intervention practices for
children with autism: Descriptions from community providers. Focus Au-
tism Other Dev Disabl 2005; 20 (2): 66-79.

Duerden EG, Oatley HK, Mak-Fan KM, et al. Risk factors associ-
ated with self-injurious behaviors in children and adolescents with
autism spectrum disorders. | Autism Dev Disord 2012; 42 (11):
2460-70.



