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Abstract
Background: The ability to regulate anger is often impaired in forensic psychiatric patients, frequently resulting in aggressive
behavior. Although some treatment programs are partially successful in enhancing aggression regulation and reducing recidivism
among specific subgroups, generalizable conclusions on the effectiveness of these interventions cannot be drawn to date. In
forensic outpatient care, low treatment adherence and a predominant focus on cognitive control in most treatment programs may
entail some of the factors impeding treatment. Technology-based interventions may address some of these treatment challenges.
Objective: The aim of this study is to explore whether a new technology-based biocueing intervention, the Sense-IT app, can
be a valuable addition to aggression regulation treatment programs in forensic outpatient care. The Sense-IT app, which provides
the user with real-time physiological feedback and behavioral support, is developed to strengthen emotional awareness and
facilitate real-life practice. In this study, we aim to develop and evaluate an updated version of the Sense-IT app that is suitable
for forensic outpatients with aggressive behavior.
Methods: First, we conducted a design study to assess the attitudes of forensic professionals and patients toward biocueing and
to collect requirements for a biocueing app for this specific population. On the basis of this information, we developed an updated
version of the Sense-IT app. In an evaluation study, 10 forensic outpatients used the app for 2 weeks. The app’s acceptability,
usability, and clinical outcomes (aggression, anger, and recognition of bodily signals related to anger) were measured before and
after the intervention using both quantitative and qualitative measures.
Results: The design study revealed a cautiously positive attitude toward the use of biocueing as an addition to aggression
regulation therapy. The evaluation study among forensic outpatients demonstrated moderate acceptability and adequate usability
for the new version of the Sense-IT app. Exploratory analysis revealed a significant decrease in trait aggression postintervention;
no significant changes were found in other anger-related clinical outcomes. To further increase acceptability and usability, a
stable functioning app with self-adjustable settings, the use of smartwatches with a longer battery life, and the use of the patient’s
own smartphone devices were recommended.
Conclusions: This study, which is one of the first attempts to enroll and evaluate the real-life use of a biocueing intervention
among forensic outpatients, emphasized the importance of involving both patients and therapists throughout the development
and implementation process. In the future, experimental studies, including single-case experimental designs using ecological
momentary assessment, should be performed to evaluate the effectiveness of the Sense-IT intervention on clinical outcomes. An
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open attitude toward new technology, allowing exploration of the potential benefits of the Sense-IT app case-by-case, and training
of therapists in using the app are expected to facilitate its integration in therapy.
(JMIR Form Res 2021;5(11):e29267) doi: 10.2196/29267
KEYWORDS
biocueing; biosensing; biofeedback; aggression; forensic psychiatry; wearable technology; mobile apps; usability; evaluation;
mHealth

Introduction
Background
Aggression and violent behavior are associated with substantial
problems, especially for the victims and the offenders. While
victims of violence are at a high risk of developing
psychological and behavioral problems such as depression,
anxiety, posttraumatic stress, and alcohol abuse [1,2], offenders
show increased rates of developing psychiatric disorders, such
as psychotic, mood, and substance use disorders [3,4]. In
addition, the offenders’ imprisonment often leads to more
unfavorable situations for them after release, such as job loss,
housing problems, and a lack of social support. Consequently,
aggressive behavior is a high burden for professionals working
in the mental health care and the judicial system, resulting in
inflated costs for both health care and the society in general
[5,6]. The impact of aggressive behavior on both individual
lives and society in general highlights the importance of early
and effective treatment for forensic psychiatric patients with
problematic aggressive behavior. Given the current trend of
preferring outpatient interventions over residential treatment,
the importance of real-life, out-of-session practice of behavioral
alternatives [7], and the developments in the use of digital
technology in psychological treatment [8], technology-based
interventions are of interest to improve and support aggression
regulation among forensic (outpatient) populations.
Over the years, several therapeutic interventions have been
developed to reduce aggressive behavior and criminal recidivism
among forensic in- and outpatients. Most offender treatment
programs are based on the principles of aggression replacement
training (ART) [9], in which behavioral, affective, and cognitive
components are combined to improve anger and aggression
regulation. In forensic psychiatry, these cognitive behavioral
therapy (CBT) programs are broadly considered as promising
rehabilitative treatments for antisocial behavior [10,11].
However, mixed findings have been reported regarding the
effectiveness of these treatment programs. A meta-analysis of
14 CBT-informed anger management studies revealed an overall
28% risk reduction in violent recidivism after treatment, with
a 56% reduction among those who completed the treatment. In
half of the studies, significant differences in violent reoffence
were reported, when compared with control conditions [12]. In
a systematic review, including 16 ART studies, researchers
stated that generalizable conclusions could not be drawn owing
to, among other factors, differences in the severity of
psychopathology, low methodological quality, and limited
follow-up information [13].
The limited effectiveness of current treatment programs is also
related to challenges specific to forensic populations. First,
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because of severe psychopathology, a lack of problem
awareness, and motivational difficulties, treatment engagement
and adherence are often low. Among forensic populations, the
rates of pretreatment drop out and treatment attrition are high.
A large meta-analysis revealed an overall treatment attrition
rate of 27.1% across all offender programs, with a rate of 37.8%
for domestic violence offenders [14]. Research results indicate
that noncompletion of treatment is associated with lower
reductions in general and violent recidivism [12]. Furthermore,
homework and registration assignments—an important part of
all CBT programs—are often not completed in forensic
outpatient populations. This negatively affects the transfer of
psychological interventions from the therapist room to daily
practice [15]. Second, the focus on cognitive control over
emotional processes—a core element of most current treatment
programs—may not fit the capacities of the patients. Forensic
psychiatric patients often lack insight into their emotions [16]
and have difficulty in observing and interpreting physiological
signs of increased inner tension, such as accelerating heartbeat,
sweating, or trembling. This limited capability to timely detect
(particularly slowly) rising arousal levels increases the chance
of suddenly occurring aggressive outbursts. Furthermore,
cognitive control processes can be overruled by impulsive
aggressive behavior in the case of high physiological arousal
[17]. Therefore, in line with previous literature [18], therapy
should focus more on strengthening awareness of bodily
sensations associated with anger, before moving to the
enhancement of cognitive control and deliberate responses in
anger-provoking situations.
New technological applications may help address some of these
treatment challenges. Technology-based interventions, such as
mobile biofeedback apps [19], serious gaming [20], and virtual
reality therapy [21] have the potential to increase adherence to
treatment by engaging patients and by increasing maintenance
during out-of-session activities [22]. Considering their lack of
emotional awareness, interventions that provide the patients
with information about their physiological state in real-life
situations may help signal heightened arousal in response to
emotional events and support adequate self-regulation [23,24].
In this study, we aim to explore the potential of a new biocueing
intervention, which signals at risk levels of arousal in everyday
life, as an addition to current aggression regulation therapy.
Biocueing can be seen as a specific, personalized type of
biofeedback [25]. In the process of biofeedback, instruments
monitor physiological parameters (eg, heart rate, skin
conductance, and respiration), transform these measurements
into auditory or visual signals, and present these signals to the
user directly [26]. During a traditional, nonwearable biofeedback
paradigm consisting of multiple on-site sessions, patients are
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trained to regulate their physiological reactions by consciously
alternating their responses to the given feedback. Rapid
developments in noninvasive, wearable technology (eg, breast
bands, wrist sensors, smart fibers, and interactive textiles) have
opened opportunities for biocueing, which combines real-time
measurement in everyday life and just-in-time behavioral
support [27-29].
Traditional biofeedback has proven effective for patients with
different psychopathology; however, most studies have been
conducted among patients with internalizing problems [24].
Biocueing is relatively new but might be particularly useful for
patients who lack insight into the physiological signals that
precede dysregulated behavior in everyday life, such as
binge-eating episodes [30] or self-injurious behavior [31].
Focusing on aggression, several pilot studies have provided the
first evidence that physiological information can be used as a
predictor of aggressive behavior, for example, among youth
with autism spectrum disorder [32], patients with intellectual
disabilities [33], and forensic patients [34]. Therefore, biocueing
might be a helpful tool to increase awareness of high-risk
situations and to support patients in practicing behavioral skills
that prevent their escalation into aggressive incidents [35].
However, there is a gap between these study results and the
actual deployment of mobile health (mHealth) interventions,
such as a biocueing app for wearables, in forensic clinical
practice. To bridge this gap, consideration of the needs of the
intended users, as well as usability evaluation in the user’s
natural environment, is required [36]. The involvement of end
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users throughout the design process, the core principle of
user-centered design, is therefore highly recommended for the
development of useful and effective mHealth interventions [37].

Study Aims
Given the potential of biocueing in dealing with the challenges
in forensic (outpatient) treatment programs and using the
principles of user-centered design, we first explored the attitudes
of forensic professionals and patients toward this new
intervention as an addition to aggression regulation therapy. In
addition, we collected requirements to develop an updated
version of the Sense-IT biocueing app [38] for use in a forensic
outpatient population. Finally, we investigated the acceptability
and usability of the revised Sense-IT app and explored changes
related to aggression, anger, and interoceptive awareness in a
2-week evaluation study among 10 forensic outpatients with
aggressive behavior.

Methods
Overview
First, we conducted a design study to explore the attitudes
toward and specific requirements for a biocueing intervention
in a forensic sample. With this information, an updated version
of the Sense-IT app was developed. Then, we studied the app’s
acceptability and usability and its preliminary effects on clinical
outcomes in a 2-week evaluation study. The structure of the
study has been shown in Figure 1.

Figure 1. Study design: phases, participants, and concepts.

Design Study
From October 2016 to March 2017, 6 forensic therapists, 40
forensic professionals (ie, therapists, psychiatric nurses, social
workers, and probation officers), and 2 forensic outpatients
participated in our study. We informed all the participants of
the study’s content and the voluntary basis for participation.
We recruited the forensic therapists by email and the forensic
professionals through in-person engagement at a forensic
congress. The forensic outpatients were approached after
https://formative.jmir.org/2021/11/e29267
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consultation with their therapists, and their signed informed
consent was obtained. The forensic therapists and outpatients
tested a precursor version of the Sense-IT app for 3 to 7 days,
respectively, using a research-owned smartphone and
smartwatch. The Sense-IT system provides a visual display of
physiological arousal by measuring heart rate, notifies the user
of level changes, and delivers a default message when the user’s
physiological arousal is significantly elevated (SD >2) than
their personal baseline. In this design study, the baseline
measurement consisted of 300 reliable heart rate measures, with
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20 seconds between each measurement. During the baseline
measurement, participants could behave normally, without any
restrictions. The forensic professionals responded to a short
paper-and-pencil survey to increase their knowledge regarding
their attitude toward biocueing. None of the participants received
any financial compensation for this study.
Given the outcomes of this study, the forensic professionals’
attitudes toward biocueing could be considered open and
cautiously positive. The participants mentioned awareness of
bodily signals accompanying anger (9/40, 22%) and insight into
increasing arousal levels, especially in high-risk situations
(15/40, 37%), as the most valuable additions to aggression
regulation therapy. Furthermore, biocueing was seen as a
promising way to open therapeutic conversations about
aggressive behavior. According to most forensic therapists (4/6,
67%), the usability of this precursor version of the Sense-IT
app was insufficient. The limited battery life of the watch, the
sudden watch face changes, the synchronization problems, the
questionable reliability of heart rate measurements, the feedback
method (too soft and too slow), and the mandatory use of a
research phone were listed as items for improvement. Therapists
were most satisfied with the visualization of arousal on the
smartwatch and the warning function for heightened arousal.
Of the 2 forensic outpatients, only one used the app for the entire
week. This participant recommended audio-recording because
he had difficulty typing notes. He reported an increased
awareness of arousal, increased control over his aggressive
behavior by the initiation of self-calming strategies, and
distraction from inner tension by using the Sense-IT system.
The other participant quit the study early because of
technological shortcomings in this version of Sense-IT. This
participant was frustrated with the app interrupting measurement
when the watch face was accidently touched. Given the
insufficient usability scores and the increased irritability reported
by one of the patients, we initiated a development cycle to
resolve these technological shortcomings before further rolling
out the app among forensic outpatients.
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Development Cycle
Technological stabilization was the most important aim of this
development cycle. The recommended improvements were
implemented and intermediately tested by the researchers and
app developers in 5 iteration rounds between 2017 and 2018.
The activation of the Sense-IT app on the smartphone and
smartwatch was synchronized and automated to prevent
synchronization problems. Furthermore, the connection between
the smartwatch and smartphone was made visible on the main
screen. A clear on-off slider was incorporated into the main
screen. Continuous visualization of the data on the watch face
was optimized. Finally, the user was allowed to define during
which activity profiles (eg, driving, cycling, and running) the
operation of the Sense-IT should be paused. A description of
the revised Sense-IT app has been provided in the next section.

Evaluation Study
Participants
We recruited forensic outpatients receiving aggression regulation
therapy at Inforsa for participation from November 2018 to July
2019. Inforsa is a forensic mental health care facility that
specializes in the treatment of patients with disruptive and
criminal behavior. A research associate screened the potential
participants for eligibility, in consultation with the patient’s
therapist. The eligibility criteria included (1) a proven lack of
anger management skills, indicated by either a recently
committed violent crime and/or a high risk of committing one,
(2) assignment to individual outpatient aggression regulation
treatment after multidisciplinary consultation, (3) basic
understanding of mobile apps, and (4) aged ≥16 years. The
exclusion criteria included (1) acute manic or psychotic
symptoms, (2) current high risk of suicide, (3) severe addiction
problems or other severe conditions requiring immediate
intervention or hospitalization, and (4) insufficient understanding
of the Dutch language. The first 3 exclusion criteria were
assessed using cut-off scores on the corresponding items in the
Health of the Nation Outcome Scales [39]. A total of 10 forensic
outpatients were enrolled in the study. An outline of the
recruitment and participation flow is displayed in Figure 2.
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Figure 2. Flow chart of recruitment and participation in the evaluation study.

Procedure
This study was approved by the Medical Ethical Committee of
Amsterdam University Medical Centre, the Netherlands
(NL63911.029.17). This study was also registered in the
Netherlands Trial Register (NL8206). If a patient was eligible
and interested in the research project, study participation was
offered during a face-to-face appointment with the therapist and
the patient. The research associate provided the patient with a
brief oral description and full written information on the study.
The voluntary nature and the absence of any negative
consequences for the patient’s refusal to participate were
emphasized. If the patient was interested, the next appointment
was planned after at least 7 days, providing enough time for
consideration. In this appointment, we obtained the informed
consent of the participants, and they filled out self-reported
questionnaires. The baseline measurement (T0) lasted
approximately 45 minutes. After completion of the assessment,
participants were provided with a smartwatch and a mobile
phone with the Sense-IT app. The participants were shown how
to use the devices and were given tips on charging and using
the system safely. They also received a user manual. The
participants used the devices independently during the following
2 weeks. They were encouraged to call the research associates
if any problems occurred. After the 2-week intervention period,
another 45-minute assessment (T1) was planned. We used the
same measurements as at T0, supplemented with qualitative
interviews and quantitative usability measures.

Materials
Demographics
We collected demographic and clinical information at T0 using
a 23-item self-developed questionnaire. The variables assessed
included gender, ethnicity, judicial history, care history,
education, family background, and social situation.
https://formative.jmir.org/2021/11/e29267
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Mobile Phones and Smartwatches
The participants received both a smartwatch and a mobile phone.
In this evaluation study, we used the Ticwatch E (Mobvoi, Ltd),
a new smartwatch that had good reviews on reliability and
cost-effectiveness and had a longer battery life than the
smartwatches we used in the design study (Moto 360 2nd Gen;
Lenovo Group, Ltd). The smartwatches were equipped with a
photoplethysmography (PPG) sensor, by which the blood
volume pulse can be measured and the heart rate can be derived.
Connection with the mobile phone, the Moto C Plus (with
Android 8.0 operating system; Google, LLC), was established
via Bluetooth. We provided the participants with research-owned
mobile phones to maintain control over the app settings and to
account for secure data extraction.
Sense-IT App
The newly developed version of the Sense-IT app, version 2.13,
was preinstalled on all smartwatches and mobile phones before
distribution. The Sense-IT app was originally developed by
researchers at the University of Twente in co-operation with
Scelta, an expert center for psychiatric patients with personality
disorders [38,40]. The Sense-IT system reads the physiological
data measured by the photoplethysmography (PPG) sensor and
stores the data in a local database on the smartphone itself. The
built-in algorithm compares the current heart rate of a user with
their mean heart rate at baseline and calculates a level between
−3 and 5 using the SD of the baseline measurement. In this
study, the determination of the user’s baseline was started at
the end of the T0 measurement and lasted until the PPG sensor
received 200 reliable heart rate measures, with 20 seconds
between each measurement. During baseline measurement,
participants could behave as they normally would, except for
any intense physical activity. After this measurement, the level
of their current heart rate was visually displayed on the
smartwatch and was changed when the heart rate decreased or
JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 5
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increased by ≥1 SD. For this study, notifying vibrations were
sent to the users at every change in their physiological level.
The Sense-IT app detects (physical) activity categories using
the accelerometer and Google activity recognition algorithms,
allowing the user to receive notifications for certain activity
profiles (eg, sitting still and driving a car) only. From the user
interface on the smartphone, users can turn the app on and off,
opening a timeline of all the measurement events and level
changes detected by the system. Users can add notifications to
events in the timeline and report their subjective level of arousal,
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which might be particularly useful when the user is notified of
level changes. Users can also define a personalized message
that is displayed when their physiological arousal exceeds a
predefined level. In this study, we used a default message (ie,
“your heart rate is higher than average”), which was only
displayed at levels 3, 4, and 5 (SD>2) above baseline. The app’s
user interface also presents information about the connection
and synchronization status, as well as a settings page protected
by a password to prevent unwarranted changes. Screenshots of
the Sense-IT app are displayed in Figure 3.

Figure 3. Screenshots of the Sense-IT app (version 2.13): main screen with measurements, settings screen, and the watch face.

Acceptability
In a semistructured qualitative interview developed by the study
team, the participants’ attitude toward technological
interventions and their perceived proficiency in using new
technology were assessed using a 5- and 10-point Likert scale,
respectively. Closed-ended and open-ended questions assessed
whether the participants would use the Sense-IT app in the
future and whether they expected others to do so. The total
number of heart rate measurements, measured every 20 seconds
by the PPG sensor of the smartwatch, was used as an indicator
of the actual use of the Sense-IT system. The damage, loss, and
theft of the devices were recorded.
Usability
We administered the System Usability Scale (SUS), a short,
commonly used questionnaire for quick and reliable assessment
of product usability [41], at T1. The SUS consists of 10
statements that can be scored on a 5-point Likert scale, ranging
from 1 (totally disagree) to 5 (totally agree). The SUS yields
an overall score between 0 and 100, with higher scores
indicating better usability. In the original study, 68 was used as
a cut-off score. According to more recent research [42], a
product is acceptable with scores above 70; better products
score in the high 70s to upper 80s and superior products score
above 90. Products with scores lower than 70 should be
considered as candidates for improvement.
https://formative.jmir.org/2021/11/e29267
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Furthermore, we evaluated usability qualitatively by using
semistructured interviews. The interview included Likert scale
questions about the attractiveness of the devices, the ease-of-use
of the app, the clarity of watch faces, and the evaluation of
feedback notifications. Open questions assessed the advantages
and disadvantages of Sense-IT and any recommendations for
its further improvement.
Aggression
We assessed for aggressive behavior using the Dutch version
[43] of the Aggression Questionnaire-Short Form (AQ-SF) [44].
The AQ-SF is a self-report questionnaire, in which participants
respond to 12 statements regarding aggression on a 5-point
Likert scale, ranging from 1 (strongly disagree) to 5 (strongly
agree). The AQ-SF distinguishes 4 subscales: physical
aggression, verbal aggression, anger, and hostility. The internal
consistency coefficients for the total score of the Dutch AQ-SF
ranged between 0.72 and 0.88 in a forensic population.
Significant test-retest correlations after 4 weeks were found for
the AQ-SF total and subscale scores, except for the physical
aggression subscale. The AQ-SF was administered at T0 and
T1.
Anger
We assessed anger and its subcomponents using the Dutch
version [45] of the State-Trait Anger Expression Inventory-2
(STAXI-2) [46]. The STAXI-2 is a 57-item self-report
JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 6
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questionnaire, in which items are coded on a 4-point Likert
scale ranging from 1 (almost never) to 4 (almost always). The
questionnaire consists of 3 main scales: state anger, trait anger,
and anger expression and anger control. The internal
consistency, assessed in an inmate sample, was considered good,
with Cronbach α ranging from .79 to .88. For the original
version of the STAXI, the test-retest coefficients were
acceptable, except for the State Anger scale. We administered
the full STAXI-2 at T0; at T1, we administered only the state
and trait anger scales because of time constraints.

inferential statistics, we exploratively compared the pre-post
scores, after checking the normality assumptions, with the
nonparametric equivalent of the paired t test, the Wilcoxon
Matched Pairs test. We analyzed the qualitative data using
Microsoft Word and Excel. Textual responses were first
inspected for theme analysis, then coded into categories and
described as relative results. Categorical responses were
described as relative results.

Bodily Sensations Related to Anger
We measured bodily sensations related to anger in interpersonal
situations using the Dutch version of a recently developed
self-reported questionnaire called the Anger Bodily Sensations
Questionnaire (ABSQ) [47]. In this 18-item self-report
questionnaire, participants can rate their experience of
physiological responses during anger-provoking interpersonal
situations on a Likert scale, ranging from 1 (not at all) to 5 (very
much). The internal consistency (Cronbach α) for the total score
was .93 in an offender population for this study. The total score
had good 1-week test-retest reliability within the offender
sample. The ABSQ was administered at T0 and T1.

Demographics

Data Analysis

Results
Of the 10 forensic outpatients participating in this study, the
majority (9/10, 90%) were male, in line with the usual
male-female distribution in forensic populations. Although all
participants were born in the Netherlands, out of 10 participants,
6 (60%) had parents originating from another country.
Furthermore, 60% (6/10) reported problems such as domestic
violence, substance abuse, or psychological problems in the
families they grew up in. Most of the participants were referred
to Inforsa for mandatory treatment as part of a conditional
sentence and had been convicted multiple times in the past. The
descriptive characteristics of the participants have been
summarized in Table 1.

We analyzed the quantitative data using SPSS (version 25, IBM
Corp). Although this evaluation study was not intended for
Table 1. Summary of demographic characteristics of the participantsa (N=10).
Demographic characteristics

Values

Age (years), mean (SD)

34.90 (13.29)

Gender, n (%)
Male

9 (90)

Female

1 (10)

Educational background, n (%)
Primary school

2 (20)

Secondary school

2 (20)

Secondary vocational education

6 (60)

Living conditions, n (%)
Private home

4 (40)

Assisted living facility

4 (40)

Social care

2 (20)

Index offense, n (%)

a

Violent crime

5 (50)

Gun crime

1 (10)

No index offense

4 (10)

Multiple convictions, n (%)

8 (80)

Mandatory treatment, n (%)

6 (60)

Previous ARTb treatment, n (%)

5 (50)

Number of participants measured at T0.

b

ART: aggression replacement training.
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Acceptability
The participants were provided with the Sense-IT system for 2
weeks. All participants returned these research-owned
smartwatches and mobile phones. Although we noticed some
superficial user damage and had to buy new charging cables,
none of the devices had to be replaced because of damage, loss,
or theft. Half of the participants (5/10, 50%) fully agreed with
the statement that they liked to use technology or technological
gadgets, a substantial number (4/10, 40%) claimed a neutral
position and 1 participant (1/10, 10%) disagreed with the
statement. On a 10-point Likert scale, the participants rated
themselves as proficient in using new technologies (mean 7.1,
SD 2.5 participants). At T1, it appeared that one participant had
not used the Sense-IT app at all; the T1-responses of this
participant were therefore excluded from further analysis.
Among the other participants, the total amount of heart rate
measurements (in hours) was used to indicate actual app use.
As some participants showed very large numbers of
measurements per day, we corrected the data for very low heart
rates (<50 beats per minute) and measurements during nighttime
(from midnight until 6 AM). The corrected actual app usage
strongly differed between participants (mean 62.19, SD 38.63
hours; range 3.49-127.02 hours). Higher heart rate measurements
were found among older participants, r8=.768, P=.016. No
significant correlations were found among the attitude toward
new technology, the perceived proficiency, and the indicator of
actual app use. Furthermore, out of 9 participants at T1, 6 (67%)
reported that they would like to use the Sense-IT app in the
future. All the participants expected others to use the app in the
future.

Usability
Participants who said they would not use the Sense-IT app in
the future reported that the app had no added value for them
because, for example, they did not regard themselves as
aggressive or they already claimed to know their personal
precursors for aggressive behavior. One participant therefore
recommended the addition of the Sense-IT app in the early
phases of treatment. The participants who would use the app in
the future listed several conditions that could be considered as
recommendations to further improve the Sense-IT app. The
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average score on the SUS for the group was above the cut-off
value (mean 73.1, SD 16.2). Significantly higher system
usability scores were reported by participants with a more
positive attitude toward new technology, r9=0.857, P=.002; no
significant correlations were found between the usability scores
and perceived proficiency in using new technology. Most
participants (8/9, 89%) did not report difficulty using the
Sense-IT app on the smartphone. The watch faces on the
smartwatch were reported to be clearly visible by the
participants. The design of the Sense-IT app on the smartphone
was considered neutral by half of the participants and (quite to
very) attractive by the other half; some participants reported
that they would like a more colorful design. Considering the
messages shown when the physiological values exceeded a
predefined level, out of 9 participants, 6 (67%) said they would
like to use a default text message; the other participants (3/9,
33%) preferred a personalized message. The number of notifying
vibrations (delivered at every level change) was considered too
large by 56% (5/9) of the participants and was therefore most
often mentioned as a point of improvement. Furthermore,
improved accuracy, longer smartwatch battery life, and the
possibility of using the Sense-IT app on their own smartphones
were recommended.

Clinical Outcomes
We performed an exploratory analysis on the clinical outcome
measures. Given the small sample size, the Shapiro-Wilk test
was used to evaluate for normality of the data. As expected, the
normality assumption was not met for several subscales of the
measures used. Therefore, the Wilcoxon Matched Pairs test was
used. No significant changes were found on the AQ-SF and
ABSQ. Between baseline (median 2.35) and postmeasurement
(median 1.90), trait anger measured with the STAXI-2 decreased
significantly (Z=−2388; P=.017). Explorative visual analysis
of the data showed that the scores of most of the participants
(7/9, 78%) decreased. None of the participants showed elevated
scores at postmeasurement compared with baseline. No
significant correlations were found between this trait anger
decrease and other variables such as attitude toward new
technology, perceived proficiency in using new technology,
and usability of the Sense-IT app. All clinical outcomes are
shown in Table 2.
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Table 2. Summary of the clinical outcomes.
Clinical outcome scores

T0 (n=10), mean (SD)

T1 (n=9), mean (SD)

2.36 (0.78)

2.41 (0.85)

Physical aggression

2.23 (1.21)

2.23 (1.32)

Verbal aggression

2.23 (0.96)

2.63 (0.78)

Anger

2.87 (1.00)

2.73 (1.31)

Hostility

2.10 (1.03)

2.03 (1.08)

Anger (STAXI-2b)

1.91 (0.35)

—c

State anger

1.05 (0.13)

1.02 (0.05)

Trait anger

2.21 (0.65)

1.98 (0.72)

Anger expression and control

2.22 (0.48)

—

2.34 (0.93)

2.49 (0.95)

Aggression (AQ-SFa)

Bodily sensations related to anger (ABSQd)
a

Time points

AQ-SF: Aggression Questionnaire-Short Form.

b

STAXI-2: State-Trait Anger Expression Inventory-2.

c

Missing data.

d

ABSQ: Anger Bodily Sensations Questionnaire.

Discussion
Principal Findings
To our knowledge, this study is one of the first attempts to enroll
and evaluate a smartwatch-based biocueing intervention in a
forensic outpatient population with aggression regulation
difficulties [25]. Our study revealed a cautiously positive attitude
toward the use of biocueing as an addition to regular therapy.
Requirements for improvement were processed in a development
cycle, resulting in an updated version of the Sense-IT app. The
results of our 2-week evaluation study showed adequate usability
scores, although the actual use of the app and its expected future
use did not entirely match these outcomes. Furthermore, a
significant decrease in trait anger was observed postintervention.
Valuable recommendations were obtained for further
improvement in Sense-IT. Considering the aim of our study,
we were able to collect relevant information for the further
development and enrollment of technology-based interventions
as adjuncts to treatment, even in populations with lower
treatment adherence.
In accordance with the principles of user-centered design for
mHealth applications [37], which had also been applied in the
earlier development phases of the Sense-IT app [38,40], we
involved patients, therapists, and other forensic professionals
in the development process of Sense-IT. The recommendations
collected in the design study were mainly related to
technological issues impeding the ease-of-use, such as
synchronization problems and limitations in the battery life of
the smartwatch. As the usability of the precursor version of the
Sense-IT turned out to be inadequate for extensive testing among
forensic outpatients, its further development was initiated. To
generate more input for this development cycle, the
professionals’ attitudes toward the use of a biocueing app for
this particular group were more thoroughly assessed. Our design
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study indicated that forensic professionals had an open and
positive attitude toward biocueing, recognizing the potential
disadvantages or risks. This is important because openness
toward new treatment possibilities and a belief that the
intervention might be beneficial to patients are, among others,
considered as facilitators of the use of mHealth technology
[48,49].
Patients’ adoption of mHealth applications is also known to be
a result of several factors, such as perceived usefulness and
ease-of-use, influencing their individual attitude and behavioral
intention, mediated by age [50]. Other results suggest that the
perceived mobile technology identity, related information
technology experience, and self-efficacy are associated with
higher adoption rates [51]. In our evaluation study, the users’
perceived proficiency was not associated with the actual use
and the perceived usability of Sense-IT. Actual use seemed
higher among older participants, contrary to the mediating
influence of age, as mentioned in other studies. However, the
higher usability scores being reported by patients with a more
positive attitude toward new technology was consistent with
these earlier findings. Furthermore, we encountered some
skepticism when we first presented our idea to investigate a
biocueing intervention among forensic outpatients by providing
them with a smartwatch and smartphone. Contrary to
expectations, none of the devices had to be replaced because of
loss, damage, or theft, supporting a recent study among homeless
youth [52]. The total amount of heart rate measurements, used
as an indicator for the actual app usage, varied widely among
the participants. Most participants used the Sense-IT quite often,
but a few participants showed very low adherence to the app.
This limited adherence to technology-based interventions is a
common issue in eHealth and mHealth studies, even in samples
that are more open to treatment. Many users of self-help
applications show inconsistent use patterns [53], do not continue
their use after completion of one exercise or module [54], or
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stop using a health app after 2 weeks, especially when their
preferences and goals are not met [55]. Given the answers
regarding the future use of the Sense-IT app, actual usage of
the app might have decreased even more if the duration of our
study had been extended to more than 2 weeks. Nevertheless,
considering the motivational problems and the high dropout
rates in forensic populations, outpatients who often fail to
practice outside the treatment setting would be encouraged to
reflect on their behavior in real life.
Furthermore, the Sense-IT app received acceptable system
usability scores, which means that the ease-of-use was
considered good enough for further development and can be
rolled out in this population. The participants provided valuable
recommendations for a new development cycle. The number
of notifying vibrations, which were considered disturbing by
most of the participants, was most often mentioned as a point
for improvement. For some patients, this feature of the app led
to increased irritability, a possibility that has already been
mentioned in previous literature [56-58]. In the future, this
drawback can easily be remedied by adjusting the levels at
which notifying vibrations are provided and by allowing users
to customize the settings themselves. Furthermore, our study
revealed that some participants had difficulty coming up with
a personalized message, which could be shown when their
physiological values were elevated. Therefore, their preference
for the default text message might have been a choice out of
convenience. Further integration of the Sense-IT app in therapy
may help to overcome this difficulty. At the design level, desired
improvements, such as the addition of multiple colors, were
mostly mentioned by younger participants. Furthermore, several
participants would have liked to use Sense-IT on their own
mobile phones. For clinical use, outside a research context with
privacy constraints, this would certainly be possible and might
facilitate the acceptability and usability of the app. Finally,
technological hardware improvements, such as the extended
battery life of the smartwatch, could further enhance adherence
to Sense-IT.
To investigate whether the 2 weeks of using the Sense-IT
biocueing app were associated with clinically relevant changes,
we performed exploratory analysis on the pre and post
measurement outcomes of aggression, anger, and anger bodily
sensations. In line with the literature indicating the difficulty
of changing aggressive behavior [13] and given the small sample
size and short intervention period of our study, no significant
changes were found in the overall scores. Considering the
concepts of state and trait anger, in this study, change might
theoretically occur on state anger. Interestingly, trait anger
diminished significantly between pre- and postintervention
measurements. No change was found in the state anger.
However, this might have been affected by the fact that state
anger was only measured at 2 specific moments in time, when
the participants were generally in a resting state. Regarding the
change in trait anger, social desirability might offer a partial
explanation for this finding. In a study among forensic
inpatients, participants with high scores on impression
management reported significantly lower levels of trait anger
[59]. To explore whether this finding reflects a true change in
the frequency of experiencing angry feelings should therefore
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be more thoroughly assessed within a longitudinal research
design, using assessment methods that are more sensitive to
minor changes and less susceptible to social desirability.

Limitations
Our study had several limitations. First, the number of forensic
outpatients participating in the design and evaluation study was
low. In line with the early phase of biocueing research and the
often-encountered difficulties in studies among forensic patients,
this may have affected the findings of our study. Second, we
used a small subset of questionnaires in our evaluation study,
focusing on anger and aggression. Therefore, we might have
overlooked other relevant changes, for example, in emotion
regulation in general. In addition, we did not use the full
STAXI-2 at T1, which should have been preferred to prevent
data loss. Furthermore, the questionnaires we used might have
been susceptible to social desirability. In any case, the most
used questionnaires to assess aggressive behavior are not
designed to detect small changes over short periods. In this
regard, the short duration of the intervention and the absence
of a follow-up measurement complicate the interpretation of
our findings. Third, because we used a pretest-posttest design
without a control group, we were not able to disentangle the
impact of the use of the Sense-IT biocueing intervention from
aggression regulation therapy and from the distribution of
mobile phones and smartwatches, which might be considered
an intervention itself. Fourth, in some cases, Sense-IT seemed
to be measuring data while not being actually worn by the
participants. This complicated the interpretation of the actual
usage of the device. Fifth, as Sense-IT could not be used on the
participants’ own phones, owing to privacy constraints in
research, it might have had a restrictive effect on adherence.
Sixth, the explanation and handing out of the devices was done
by research associates in the absence of their therapists. In
addition, both patients and therapists were not able to adjust the
settings during the study. These restrictions, associated with the
research design, might have limited the adoption of the Sense-IT
app by therapists, an important driver for the integration of
mHealth interventions in clinical practice [49].

Implications for Future Research and Practice
This development and usability study has several key
implications for future research. First, it emphasized the
importance of the involvement of both patients and therapists
in the development of effective mHealth interventions [35].
Second, the evaluation study yielded new recommendations for
the improvement of the Sense-IT app. At the technological level,
stabilization of the app should remain a critical area for
improvement. The number of notifying vibrations and the levels
at which SMS text messages are sent should be adjustable to
the wishes and needs of patients. In addition, the ease-of-use of
recording subjective arousal levels should be enhanced. At the
design level, the clarity of the main screen should be improved,
and the measurement screen should be updated with a
semigraphical representation. To further enhance the
attractiveness of Sense-IT, some patients would like to choose
different background colors. Meanwhile, the recommendations
were processed in a new development cycle, resulting in an
updated version of Sense-IT, as shown in Figure 4. Changes in
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app settings and the use of new smartwatches should be
considered to improve the battery life and, thereby, usability.
Third, experimental studies should be performed to evaluate
the effectiveness of the Sense-IT intervention on clinical
outcomes. Single-case experimental designs should be
considered as well because these types of designs might be
better able to detect minor changes over short periods by, for
example, using ecological momentary assessment [60,61].
Laboratory tasks could also be considered to gain a broader
insight into the response to biocueing. Fourth, the integration
of therapy should be enhanced. To experience the potential

ter Harmsel et al
benefits of this biocueing intervention, therapists should first
be trained in working with Sense-IT and familiarizing
themselves with the app. Furthermore, both therapists and
patients should be able to adjust the settings to explore the
optimal level of sensitivity of the system. Fifth, the Sense-IT
app should preferably be added to treatment in the early phases
of aggression regulation therapy, focusing on the recognition
of anger bodily signals. The use of new technological
interventions might have a positive influence on treatment
motivation [21], especially among patients with a positive
attitude toward new technology.

Figure 4. Screenshots of the Sense-IT app after further development (version 2.57): main screen, measurement screen, note screen, and the watch face.

Conclusions
This study revealed a cautiously positive attitude toward the
use of biocueing as an addition to regular aggression regulation
therapy in forensic psychiatry. In the evaluation study among
forensic outpatients, the revised version of the Sense-IT app
demonstrated moderate acceptability and adequate usability.
Furthermore, a significant decrease in trait anger was found
postintervention, which should be further explored in future
research using appropriate research designs. Valuable
recommendations for improvement of Sense-IT, both at the
technological and design levels, were obtained in this study.
For patients and therapists, a stable functioning app, with few
synchronization disruptions and a self-adjustable number of
notifications, seemed most important. Implementing new

smartwatches with a longer battery life and using Sense-IT on
the user’s own smartphone are expected to increase adherence
in the future. Considering the actual use of Sense-IT, the app
seemed to have facilitated out-of-session practice and might
therefore represent an alternative for more traditional
paper-and-pencil registration assignments. The extent to which
users actually reflect on their behavior and whether they feel
supported by Sense-IT to practice behavioral alternatives needs
further examination. Furthermore, this study provided some
evidence that the deployment of Sense-IT is most useful in the
first phase of aggression regulation therapy. Finally, to enhance
the app’s integration in treatment, therapists should be trained
in the use of the app to facilitate exploration of the potential
benefits of these kinds of new mHealth interventions with their
patients.

Acknowledgments
This study was performed within a larger research project financially supported by the Dutch Ministry of Justice and Security.
The authors would like to thank the study participants and the therapists at Inforsa, forensic psychiatric care in Amsterdam, the
Netherlands. Furthermore, the authors thank Eline Middelhoven, Christiaan Doll, Bo Hornkamp, Lotte Nijhuis, Michelle Kemper,
and Nienke Smit for their assistance in data collection. Finally, they would like to thank the organizations involved in the
development of Sense-IT for use in this study project: University of Twente, Scelta/GGNet, Amsterdam University Medical
Center, Inforsa/Arkin, and Pluryn.

Authors' Contributions
AtH, TvdP, LS, AP, and MN conceived the study. AtH, TvdP, LS, AP, and MLN developed the study design. AtH and MLN
tested versions of the Sense-IT app during the development cycle and provided the app developers with feedback. AtH coordinated
https://formative.jmir.org/2021/11/e29267

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 11
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

ter Harmsel et al

the data collection and data processing. TvdP, MLN, and AEG helped AtH interpret the data. AtH drafted the manuscript in close
co-operation with MLN. The other authors have critically revised the manuscript. All the authors have approved the final content
of this manuscript.

Conflicts of Interest
AtH and MLN (and more remotely TvdP and AP) were involved in the development process of the Sense-IT app.

References
1.
2.
3.
4.

5.
6.

7.

8.
9.
10.
11.
12.
13.

14.
15.

16.
17.
18.
19.

20.
21.

Krug EG, Mercy JA, Dahlberg LL, Zwi AB. The world report on violence and health. Lancet 2002 Oct
05;360(9339):1083-1088. [doi: 10.1016/S0140-6736(02)11133-0] [Medline: 12384003]
Bouffard LA, Koeppel MD. Understanding the potential long-term physical and mental health consequences of early
experiences of victimization. Justice Q 2014;31(3):568-587. [doi: 10.1080/07418825.2012.734843]
Steadman HJ, Osher FC, Robbins PC, Case B, Samuels S. Prevalence of serious mental illness among jail inmates. Psychiatr
Serv 2009 Jun;60(6):761-765. [doi: 10.1176/ps.2009.60.6.761] [Medline: 19487344]
Ogloff JR, Talevski D, Lemphers A, Wood M, Simmons M. Co-occurring mental illness, substance use disorders, and
antisocial personality disorder among clients of forensic mental health services. Psychiatr Rehabil J 2015 Mar;38(1):16-23.
[doi: 10.1037/prj0000088] [Medline: 25799303]
The high budgetary cost of incarceration. Center for Economic Policy and Research. 2010. URL: https://www.cepr.net/
documents/publications/incarceration-2010-06.pdf [accessed 2021-03-17]
Rubio-Valera M, Luciano JV, Ortiz JM, Salvador-Carulla L, Gracia A, Serrano-Blanco A. Health service use and costs
associated with aggressiveness or agitation and containment in adult psychiatric care: a systematic review of the evidence.
BMC Psychiatry 2015 Mar 04;15:35 [FREE Full text] [doi: 10.1186/s12888-015-0417-x] [Medline: 25881240]
Kazantzis N, Whittington C, Zelencich L, Kyrios M, Norton PJ, Hofmann SG. Quantity and quality of homework compliance:
a meta-analysis of relations with outcome in cognitive behavior therapy. Behav Ther 2016 Sep;47(5):755-772. [doi:
10.1016/j.beth.2016.05.002] [Medline: 27816086]
Fairburn CG, Patel V. The impact of digital technology on psychological treatments and their dissemination. Behav Res
Ther 2017 Jan;88:19-25 [FREE Full text] [doi: 10.1016/j.brat.2016.08.012] [Medline: 28110672]
Glick B, Gibbs J. Aggression Replacement Training: A Comprehensive Intervention for Aggressive Youth. Champaign
IL: Research Press; 2010.
Landenberger NA, Lipsey MW. The positive effects of cognitive–behavioral programs for offenders: a meta-analysis of
factors associated with effective treatment. J Exp Criminol 2005 Dec 10;1(4):451-476. [doi: 10.1007/s11292-005-3541-7]
Lipsey MW, Landenberger NA, Wilson SJ. Effects of cognitive-behavioral programs for criminal offenders. Campbell
Syst Rev 2007 Aug 13;3(1):1-27. [doi: 10.4073/csr.2007.6]
Henwood KS, Chou S, Browne KD. A systematic review and meta-analysis on the effectiveness of CBT informed anger
management. Aggress Viol Behav 2015;25:280-292. [doi: 10.1016/j.avb.2015.09.011]
Brännström L, Kaunitz C, Andershed A, South S, Smedslund G. Aggression replacement training (ART) for reducing
antisocial behavior in adolescents and adults: a systematic review. Aggress Viol Behav 2016;27:30-41. [doi:
10.1016/j.avb.2016.02.006]
Olver ME, Stockdale KC, Wormith JS. A meta-analysis of predictors of offender treatment attrition and its relationship to
recidivism. J Consult Clin Psychol 2011 Feb;79(1):6-21. [doi: 10.1037/a0022200] [Medline: 21261430]
Fletcher R, Tam S, Omojola O, Redemske R, Kwan J. Wearable sensor platform and mobile application for use in cognitive
behavioral therapy for drug addiction and PTSD. In: Proceedings of the 2011 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society. 2011 Presented at: 2011 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society; Aug 30 -Sep 3, 2011; Boston, MA, USA. [doi: 10.1109/iembs.2011.6090513]
Roberton T, Daffern M, Bucks RS. Beyond anger control: difficulty attending to emotions also predicts aggression in
offenders. Psychol Viol 2015 Jan;5(1):74-83. [doi: 10.1037/a0037214]
Kahneman D. A perspective on judgment and choice: mapping bounded rationality. Am Psychol 2003 Sep;58(9):697-720.
[doi: 10.1037/0003-066X.58.9.697] [Medline: 14584987]
Novaco R. Anger dysregulation. In: Anger, Aggression and Interventions for Interpersonal Violence. USA: Lawrence
Erlbaum Associates Publishers; 2007.
Mackintosh M, Niehaus J, Taft CT, Marx BP, Grubbs K, Morland LA. Using a mobile application in the treatment of
dysregulated anger among veterans. Mil Med 2017 Nov;182(11):e1941-e1949. [doi: 10.7205/MILMED-D-17-00063]
[Medline: 29087863]
Smeijers D, Koole SL. Testing the effects of a Virtual Reality Game for Aggressive Impulse Management (VR-GAIME):
study protocol. Front Psychiatry 2019 Feb 26;10:83 [FREE Full text] [doi: 10.3389/fpsyt.2019.00083] [Medline: 30863328]
Klein Tuente S, Bogaerts S, Bulten E, Keulen-de Vos M, Vos M, Bokern H, et al. Virtual Reality Aggression Prevention
Therapy (VRAPT) versus waiting list control for forensic psychiatric inpatients: a multicenter randomized controlled trial.
J Clin Med 2020 Jul 16;9(7):2258 [FREE Full text] [doi: 10.3390/jcm9072258] [Medline: 32708637]

https://formative.jmir.org/2021/11/e29267

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 12
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
22.
23.
24.
25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

35.
36.
37.

38.

39.
40.

41.
42.
43.

44.

Reiner R. Integrating a portable biofeedback device into clinical practice for patients with anxiety disorders: results of a
pilot study. Appl Psychophysiol Biofeedback 2008 Mar;33(1):55-61. [doi: 10.1007/s10484-007-9046-6] [Medline: 18286369]
Lisetti CL, Nasoz F. Using noninvasive wearable computers to recognize human emotions from physiological signals.
EURASIP J Adv Signal Process 2004 Sep 18;2004(11):-. [doi: 10.1155/s1110865704406192]
Yucha C, Montgomery D. Evidence-Based Practice in Biofeedback and Neurofeedback. Wheat Ridge: Association for
Applied Psychophysiology and Biofeedback; 2008:-67.
Ter Harmsel JF, Noordzij M, Goudriaan A, Dekker J, Swinkels L, van der Pol T, et al. Biocueing and ambulatory biofeedback
to enhance emotion regulation: a review of studies investigating non-psychiatric and psychiatric populations. Int J
Psychophysiol 2021 Jan;159:94-106 [FREE Full text] [doi: 10.1016/j.ijpsycho.2020.11.009] [Medline: 33248196]
McKee MG. Biofeedback: an overview in the context of heart-brain medicine. Cleve Clin J Med 2008 Mar;75 Suppl
2:S31-S34 [FREE Full text] [doi: 10.3949/ccjm.75.suppl_2.s31] [Medline: 18540143]
Riley WT, Serrano KJ, Nilsen W, Atienza AA. Mobile and wireless technologies in health behavior and the potential for
intensively adaptive interventions. Curr Opin Psychol 2015 Oct 01;5:67-71 [FREE Full text] [doi:
10.1016/j.copsyc.2015.03.024] [Medline: 26086033]
Nahum-Shani I, Hekler EB, Spruijt-Metz D. Building health behavior models to guide the development of just-in-time
adaptive interventions: a pragmatic framework. Health Psychol 2015 Dec;34S:1209-1219 [FREE Full text] [doi:
10.1037/hea0000306] [Medline: 26651462]
Wang H, Yang C, Chen K, Chueh K. Relationship between heart rate variability and aggressive behavior among patients
with schizophrenia hospitalized in acute wards. Perspect Psychiatr Care 2020 Apr;56(2):321-329. [doi: 10.1111/ppc.12433]
[Medline: 31410853]
Smartphones for smarter eating: Elucidating eating behaviors, stress, and heart rate variability. UC San Diego. URL: https:/
/escholarship.org/uc/item/2p7547rt [accessed 2021-02-23]
Koenig J, Rinnewitz L, Parzer P, Resch F, Thayer JF, Kaess M. Resting cardiac function in adolescent non-suicidal
self-injury: the impact of borderline personality disorder symptoms and psychosocial functioning. Psychiatry Res 2017
Feb;248:117-120. [doi: 10.1016/j.psychres.2016.12.024] [Medline: 28039803]
Cumpanasoiu D, Mazefsky C, Stedman A, Peura C, Tian P, Guo Y, et al. 5.12 Physiological biomarkers for prediction of
imminent aggression in minimally verbal children with autism spectrum disorder. J Am Acad Child Adolesc Psychiatry
2017 Oct;56(10):S256-S257. [doi: 10.1016/j.jaac.2017.09.295]
Palix J, Akselrod M, Cungi C, Giuliani F, Favrod J. Changes in heart rate variability recorded in natural situation with
t-shirt integrated sensors and level of observed behavioral excitation: a pilot study of patients with intellectual disabilities
and psychiatric disorders. Front Psychiatry 2017 Feb 1;8:4 [FREE Full text] [doi: 10.3389/fpsyt.2017.00004] [Medline:
28203208]
de Looff P, Noordzij ML, Moerbeek M, Nijman H, Didden R, Embregts P. Changes in heart rate and skin conductance in
the 30 min preceding aggressive behavior. Psychophysiology 2019 Oct;56(10):e13420. [doi: 10.1111/psyp.13420] [Medline:
31184379]
Neurowetenschappelijke toepassingen in de jeugdstrafrechtketen. Onderzoek en beleid 318. URL: https://repository.wodc.nl/
handle/20.500.12832/1269 [accessed 2021-01-05]
McCurdie T, Taneva S, Casselman M, Yeung M, McDaniel C, Ho W, et al. mHealth consumer apps: the case for user-centered
design. Biomed Instrum Technol 2012;Suppl:49-56. [doi: 10.2345/0899-8205-46.s2.49] [Medline: 23039777]
Schnall R, Rojas M, Bakken S, Brown W, Carballo-Dieguez A, Carry M, et al. A user-centered model for designing
consumer mobile health (mHealth) applications (apps). J Biomed Inform 2016 Apr;60:243-251 [FREE Full text] [doi:
10.1016/j.jbi.2016.02.002] [Medline: 26903153]
Derks YP, Klaassen R, Westerhof GJ, Bohlmeijer ET, Noordzij ML. Development of an ambulatory biofeedback app to
enhance emotional awareness in patients with borderline personality disorder: multicycle usability testing study. JMIR
Mhealth Uhealth 2019 Oct 15;7(10):e13479 [FREE Full text] [doi: 10.2196/13479] [Medline: 31617851]
Wing JK, Beevor AS, Curtis RH, Park SG, Hadden J, Burns A. Health of the Nation Outcome Scales (HoNOS). Research
and development. Br J Psychiatry 1998 Jan;172(1):11-18. [doi: 10.1192/bjp.172.1.11] [Medline: 9534825]
De Visser T, Bohlmeijer ET, Noordzij ML, Derks YP. mHealth in Mental Health: how to efficiently and scientifically
create an ambulatory biofeedback e-coaching app for patients with borderline personality disorder. Int J Hum Factors Ergon
2017;5(1):61.
Brooke J. SUS: a quick and dirty usability scale. In: Usability Evaluation in Industry. Boca Raton, Florida: CRC Press;
1996.
Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Human Comput Interac 2008
Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]
Hornsveld RH, Muris P, Kraaimaat FW, Meesters C. Psychometric properties of the aggression questionnaire in Dutch
violent forensic psychiatric patients and secondary vocational students. Assessment 2009 Jun;16(2):181-192. [doi:
10.1177/1073191108325894] [Medline: 18852480]
Buss AH, Perry M. The aggression questionnaire. J Personal Soc Psychol 1992 Sep;63(3):452-459. [doi:
10.1037/0022-3514.63.3.452]

https://formative.jmir.org/2021/11/e29267

XSL• FO
RenderX

ter Harmsel et al

JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 13
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
45.
46.
47.

48.
49.

50.
51.
52.

53.

54.

55.

56.
57.

58.
59.

60.
61.

ter Harmsel et al

Hovens J, Lievaart M, Rodenburg J. STAXI-2. Vragenlijst over boosheid. Hogrefe. 2014. URL: https://www.hogrefe.com/
nl/shop/media/downloads/sample-reports/5704201_InkijkexemplaarHandleiding_Samplepages.pdf [accessed 2021-10-18]
Spielberger CD. STAXI-2: State-Trait Anger Expression Inventory-2. USA: Psychological Assessment Resources; 1999.
Zwets AJ, Hornsveld R, Kraaimaat FW, Kanters T, Muris P, van Marle H. The psychometric properties of the Anger Bodily
Sensations Questionnaire (ABSQ). J Forensic Psychiatry Psychol 2014 Jun 12;25(4):432-450. [doi:
10.1080/14789949.2014.925957]
Gagnon M, Ngangue P, Payne-Gagnon J, Desmartis M. m-Health adoption by healthcare professionals: a systematic review.
J Am Med Inform Assoc 2016 Jan;23(1):212-220 [FREE Full text] [doi: 10.1093/jamia/ocv052] [Medline: 26078410]
Feijt MA, de Kort YA, Bongers IM, IJsselsteijn WA. Perceived drivers and barriers to the adoption of eMental health by
psychologists: the construction of the levels of adoption of eMental health model. J Med Internet Res 2018 Apr 24;20(4):e153
[FREE Full text] [doi: 10.2196/jmir.9485] [Medline: 29691215]
Zhao Y, Ni Q, Zhou R. What factors influence the mobile health service adoption? A meta-analysis and the moderating
role of age. Int J Inf Manag 2018 Dec;43:342-350. [doi: 10.1016/j.ijinfomgt.2017.08.006]
Balapour A, Reychav I, Sabherwal R, Azuri J. Mobile technology identity and self-efficacy: implications for the adoption
of clinically supported mobile health apps. Int J Inf Manag 2019 Dec;49:58-68. [doi: 10.1016/j.ijinfomgt.2019.03.005]
Schueller SM, Glover AC, Rufa AK, Dowdle CL, Gross GD, Karnik NS, et al. A mobile phone-based intervention to
improve mental health among homeless young adults: pilot feasibility trial. JMIR Mhealth Uhealth 2019 Jul 02;7(7):e12347
[FREE Full text] [doi: 10.2196/12347] [Medline: 31267980]
Nelson EC, Sools AM, Vollenbroek-Hutten MM, Verhagen T, Noordzij ML. Embodiment of wearable technology: qualitative
longitudinal study. JMIR Mhealth Uhealth 2020 Nov 03;8(11):e16973 [FREE Full text] [doi: 10.2196/16973] [Medline:
33141093]
Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond the trial: systematic review of real-world uptake
and engagement with digital self-help interventions for depression, low mood, or anxiety. J Med Internet Res 2018 Jun
06;20(6):e199 [FREE Full text] [doi: 10.2196/jmir.9275] [Medline: 29875089]
Torous J, Andersson G, Bertagnoli A, Christensen H, Cuijpers P, Firth J, et al. Towards a consensus around standards for
smartphone apps and digital mental health. World Psychiatry 2019 Feb;18(1):97-98 [FREE Full text] [doi:
10.1002/wps.20592] [Medline: 30600619]
De 'zelfmetende' justitiabele. Een verkennend onderzoek naar technologische zelfmeetmethoden binnen de justitiële context.
Cahiers. 2017. URL: https://repository.wodc.nl/handle/20.500.12832/195 [accessed 2021-01-05]
Howell N, Devendorf L, Vega GT, Tian R, Ryokai K. Tensions of data-driven reflection: a case study of real-time emotional
biosensing. In: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. 2018 Presented at:
CHI '18: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems; Apr 21-26, 2018; Montreal
QC Canada. [doi: 10.1145/3173574.3174005]
Owens J, Cribb A. ‘My Fitbit Thinks I Can Do Better!’ Do health promoting wearable technologies support personal
autonomy? Philos Technol 2017 Jun 6;32(1):23-38. [doi: 10.1007/s13347-017-0266-2]
McEwan T, Davis MR, MacKenzie R, Mullen PE. The effects of social desirability response bias on STAXI-2 profiles in
a clinical forensic sample. Br J Clin Psychol 2009 Nov;48(Pt 4):431-436. [doi: 10.1348/014466509X454886] [Medline:
19555524]
Smith JD. Single-case experimental designs: a systematic review of published research and current standards. Psychol
Methods 2012 Dec;17(4):510-550 [FREE Full text] [doi: 10.1037/a0029312] [Medline: 22845874]
Maric M, van der Werff V. Single-case experimental designs in clinical intervention research. In: Small Sample Size
Solutions. Oxfordshire: Routledge; 2020.

Abbreviations
ABSQ: Anger Bodily Sensations Questionnaire
AQ-SF: Aggression Questionnaire-Short Form
ART: aggression replacement training
CBT: Cognitive Behavioral Therapy
mHealth: mobile health
PPG: photoplethysmography
STAXI-2: State-Trait Anger Expression Inventory-2
SUS: System Usability Scale

https://formative.jmir.org/2021/11/e29267

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 14
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

ter Harmsel et al

Edited by G Eysenbach; submitted 31.03.21; peer-reviewed by T Alessa, N Karnik; comments to author 25.04.21; revised version
received 13.05.21; accepted 07.09.21; published 24.11.21
Please cite as:
ter Harmsel A, van der Pol T, Swinkels L, Goudriaan AE, Popma A, Noordzij ML
Development of a Wearable Biocueing App (Sense-IT) Among Forensic Psychiatric Outpatients With Aggressive Behavior: Design
and Evaluation Study
JMIR Form Res 2021;5(11):e29267
URL: https://formative.jmir.org/2021/11/e29267
doi: 10.2196/29267
PMID:

©Annemieke ter Harmsel, Thimo van der Pol, Lise Swinkels, Anna E Goudriaan, Arne Popma, Matthijs L Noordzij. Originally
published in JMIR Formative Research (https://formative.jmir.org), 24.11.2021. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

https://formative.jmir.org/2021/11/e29267

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 11 | e29267 | p. 15
(page number not for citation purposes)

