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Abstract

Background: Lack of physical activity is a common issue with detrimental consequences for the health of people with severe
mental illness (SMI). Existing physical activity interventions show suboptimal effects as they require substantial cognitive skills,
including goal setting and writing, whereas cognitive deficits are common in this population. To bolster the effectiveness of
physical activity interventions, self-control training (SCT), in which users practice the ability to override unwanted thoughts and
behaviors, can be used in addition. Recent research has demonstrated the initial effectiveness of a mobile SCT app, but this has
not been studied in psychiatric clinical practice.

Objective: This study aims to evaluate to what extent adding a mobile SCT app designed for and with people with SMI to a
mobile lifestyle intervention aimed at increasing physical activity increases physical activity and self-control levels.

Methods: A mixed methods approach incorporating 2 single-case experimental designs (SCEDs) and qualitative interviews
was used to evaluate and optimize SCT. Overall, 12 participants with SMI will be recruited from 2 organizations offering outpatient
and inpatient care to people with SMI. Each experiment will include 6 patients. SCED I is a concurrent multiple-baseline design
across participants that explores initial effectiveness and optimal intervention duration. Using accelerometry and experience
sampling questionnaires, participants’ physical activity and self-control will be monitored for ≥5 days from baseline, followed
by the sequential introduction of Google Fit, the physical activity intervention, for 7 days and the addition of SCIPP: Self-Control
Intervention App for 28 days. SCED II is an introduction/withdrawal design in which optimized SCT will be introduced and
withdrawn to validate the findings from SCED I. In both experiments, the daily average of total activity counts per hour and the
state level of self-control will serve as the primary and secondary outcome measures. Data will be analyzed using visual analysis
and piecewise linear regression models.

Results: The study was designated as not subject to the Dutch Medical Research Involving Human Subjects Act by the Medical
Research Ethical Committee Oost-Nederland and approved by the Ethics Committee/domain Humanities and Social Sciences of
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the Faculty of Behavioural, Management, and Social Sciences at the University of Twente. Participant recruitment started in
January 2022, and we expect to publish the results in early 2023.

Conclusions: The mobile SCT app is expected to be feasible and effective. It is self-paced and scalable and can increase patient
motivation, making it a suitable intervention for people with SMI. SCED is a relatively novel yet promising method for gaining
insights into whether and how mobile apps work that can handle heterogeneous samples and makes it possible to involve a diverse
population with SMI without having to include a large number of participants.

International Registered Report Identifier (IRRID): PRR1-10.2196/37727

(JMIR Res Protoc 2023;12:e37727) doi: 10.2196/37727
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Introduction

Background
Approximately 1% of the world’s population lives with severe
mental illnesses (SMIs) such as schizophrenia (20 million) or
bipolar disorder (46 million) [1]. Although their experiences
are diverse, many are faced with multifaceted psychosocial
problems in daily life, including difficulties in employment,
housing, relationships, and finances and physical health
inequalities [2]. An especially poignant problem in this group
is the lack of physical activity and increasing sedentary behavior.
Compared with healthy controls, people with SMI are more
sedentary, less physically active, and less likely to meet physical
activity guidelines [3]. This has a broad range of detrimental
consequences for the physical and mental health of people with
SMI, including reduced quality of life, increased risk of
cardiovascular disease, and increased symptom severity [2,4,5].
Fortunately, even minor improvements in physical activity can
prevent problems with physical health and deterioration of
psychiatric symptoms in people with SMI and, thus, improve
their quality of life [2,6,7].

The Role of Self-control in Successful Behavior Change
Clearly, there is an urgent need to improve physical activity in
this extremely vulnerable group. However, existing physical
activity interventions have several limitations when used in the
population with SMI. First, many interventions are delivered
by professionals, requiring additional time from already
overworked staff [7,8]. For example, behavioral physical activity
interventions targeted at people with SMI typically involve
biweekly or weekly 60- to 120-minute sessions of counseling
[9]. In addition, most physical activity interventions developed
for people with SMI are not based on theory [9]. When they
are, interventions are often solely underpinned by cognitive and
reflective models of behavior change, including the Theory of
Planned Behavior, Social Cognitive Theory, and the
transtheoretical model [9-11]. Such interventions require
substantial cognitive skills, including goal setting, reflecting on
behavior, and writing, to produce effects [10]. This makes these
interventions especially hard to use for people with SMI because
of the vulnerabilities that are common in this target group related
to cognitive deficits in memory and attention, low literacy rates,
and apathy [12-17]. Finally, although behavioral theories are
helpful in predicting behavioral intentions, these intentions do

not necessarily relate to accompanying behavior changes, for
example, increased physical activity [10,18]. This might explain
why there is currently no reliable evidence that physical activity
interventions result in better long-term physical health in people
with SMI [9]. To address all the aforementioned issues, we need
to better target physical activity interventions to vulnerable
groups, including people with SMI.

This requires interventions that patients can work on
independently; that do not require a high level of cognitive
skills; and that target the intention-behavior gap that is common
in interventions that are based on cognitive, reflective models.
A promising focal point of these interventions is
self-control—the ability to prevent or override unwanted
thoughts or behaviors in favor of higher-order goals [19]. Studies
have shown that self-control plays an important role in a broad
range of goal-directed behaviors, including academic
achievement, aggression regulation, and healthy eating and
physical activity [19]. According to Friese et al [20], the role
of self-control can be explained through three interacting
components: (1) reflective processes such as personal goals, (2)
impulsive processes such as automatic approach and avoidance
tendencies, and (3) self-control abilities that allow for the control
of impulsive processes and transfer of reflective processes into
behavior. Owing to the large body of evidence that shows the
relationship between self-control and health behaviors,
self-control is an important element of many existing
interventions. Even so, these mostly focus on self-control as a
reflective process and teach reflective strategies such as goal
setting, mental contrasting, and mental transformations [21],
whereas interventions that address impulsive processes are
underrepresented.

A conceptually different intervention is self-control training
(SCT). SCT focuses on improving self-control abilities through
repeated practice of self-control. In line with the impulsive
processes described by Friese et al [20], individuals practice
self-control by suppressing automatic tendencies in low-stakes
areas for a predetermined period, often 2 weeks. A common
paradigm is the use of the nondominant hand for everyday tasks
such as writing or opening doors. This practice is then expected
to transfer to behaviors for which self-control matters, such as
physical activity. SCT is based on the strength model of
self-control [22]. It states that all acts of self-regulation draw
from a common, limited resource of self-control. Upon repeated
exertion, this common resource becomes depleted, resulting in
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impaired inhibition and goal-directed behavior until the resource
is renewed. Although this theory suggests that exerting
self-control has negative short-term effects, it also states that
the repeated use of self-control strengthens the capacity for
self-control in the long run, akin to a muscle.

Traditionally, participants receive face-to-face or written
instructions from researchers or health care staff to perform
self-control tasks [23,24]. These paper-based versions of SCT
consistently show that this practice results in increased
self-control [24-26]. As such, SCT has multiple advantages in
clinical practice. It is easy to administer, does not require much
time and effort from participants, and can be a valuable addition
to existing treatment and interventions by means of its focus on
the automatic aspect of self-control. However, face-to-face
delivery of SCT can take up the precious time of (health care)
professionals. To prevent this, delivery of SCT can also be done
digitally using either web-based applications or mobile apps.

A mobile app specifically has advantages for the delivery of
SCT in clinical practice. First, an app is scalable and easy to
implement as it can be accessed by many people without
requiring time from already overworked health care staff [27].
Second, design principles such as gamification can be applied
to support people who are not that motivated to use SCT. This
is especially relevant in populations with low treatment
motivation, such as psychiatric patients [28,29]. To involve
these target groups, persuasive strategies can be embedded in
the design of the app to increase adherence and engagement
[30,31]. Adding persuasive features such as rewards, reminders,
and personalization to an SCT app can support users in using
the intervention as intended, resulting in more positive
outcomes. As an app can increase motivation and does not
require a high level of cognitive effort, it can be a suitable way
to bolster self-control and, thereby, increase the level of physical
activity in people with SMI. The first results of using such an
SCT app demonstrated that, among 204 healthy young adults
who used a mobile SCT app, 10 days of app-based SCT already
significantly increased self-control, whereas participants in the
control and email conditions showed no improvement [32].

Overall, a large body of research has shown that SCT
strengthens self-control [24-26]. However, similar to the effect
sizes of cognitive physical activity interventions [33], the effect
sizes of SCT alone on behavior are small [25]. Hence, we argue
that multiple complementary interventions should be offered
that address reflective processes, impulsive processes, and
self-control abilities to produce meaningful changes in health
behavior. To illustrate, reflective interventions focused on goal
setting can be used to create physical activity intentions and
directly stimulate behavior change. SCT can be added to these
interventions to address the impulsive processes related to
self-control, thereby increasing individuals’general self-control
capacity and indirectly supporting behavior change. When
general self-control capacity is high, individuals are more likely
to inhibit the dominant response of remaining sedentary and
are expected to instead go for a walk—in other words, they are

more likely to put their intention of walking into practice. This
suggests that SCT could be added to many existing cognitive
interventions to increase participants’ self-control and, thus,
decrease the intention-behavior gap and bolster the effectiveness
of interventions. Surprisingly, despite the large body of evidence
showing SCT’s potential [24-26,32], it has not been studied in
combination with existing cognitive interventions yet. In
addition, despite its straightforward nature, SCT has rarely been
applied and studied in psychiatric clinical practice.

Study Objectives
Therefore, this study further explores a mobile SCT app and
the assumption that it can be used to bolster the effectiveness
of existing physical activity interventions. It does so specifically
in the vulnerable population of people with SMI. The primary
objective is to assess the effect of adding a mobile SCT app to
a mobile lifestyle intervention aimed at increasing physical
activity (Google Fit) on physical activity levels in people with
SMI. The secondary objective is to examine the effect of this
combined intervention on self-control directly. Finally, we will
explore how long SCT should be offered to produce beneficial
outcomes on physical activity and whether and which individual
characteristics of patients influence SCT effects.

Methods

Ethics Approval
This study has been designated as not subject to the Dutch
Medical Research Involving Human Subjects Act by the Medical
Research Ethical Committee Oost-Nederland (approval
2021-13232). Consequently, it has been approved by the Ethics
Committee/domain Humanities and Social Sciences of the
Faculty of Behavioural, Management, and Social Sciences at
the University of Twente (approval 211301) and the research
committees of Dimence Groep and GGz Centraal. In addition,
this study has been registered at CCMO Toetsingonline from
the Dutch Central Committee on Research Involving Human
Subjects (file NL79450.091.21). This portal will also be used
to report (serious) adverse events if they occur.

Study Design
This study will be conducted using a series of 2 single-case
experimental designs (SCEDs): a concurrent multiple-baseline
design across participants (SCED I) [34,35] and an
introduction/withdrawal design (SCED II). SCED is a family
of high-quality experimental designs that can be used to draw
causal inferences about the relationship between the intervention
and the outcome [36,37]. In an SCED, the intervention is
systematically manipulated across multiple phases of
introduction and withdrawal while the outcome variable is
measured repeatedly and frequently [36-38]. In this way,
individual patients function as their own controls. An overview
of both experiments according to the SCRIBE (Single-Case
Reporting Guideline in Behavioral Interventions) guidelines
[39] is provided in Table 1.

JMIR Res Protoc 2023 | vol. 12 | e37727 | p. 3https://www.researchprotocols.org/2023/1/e37727
(page number not for citation purposes)

Dekkers et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Single-Case Reporting Guideline in Behavioral Interventions design elements of single-case experimental designs (SCEDs) I and II.

SCED IISCED I

Design •• Introduction-withdrawalMultiple baselines across participants

Duration •• Approximately 42 days (28-70 days)52 days

Sequence of phases •• B-C-B-CA-B-C+follow-up

Description of phases •• Phase B—Google Fit: 7 days; only Google Fit intervention is
administered

Phase A—baseline: 5 days minimum; no interven-
tion, only monitoring of physical activity and
self-control • Phase C—Google Fit+SCT: 7-28 days minimum; optimal phase

length is determined from findings of SCED I; Google Fit and
SCT intervention are administered simultaneously

• Phase B—Google Fit: 7 days minimum; only
Google Fit intervention is administered

• Phase C—Google Fit+SCTa: 28 days minimum;
Google Fit and SCT intervention are administered
simultaneously

• Follow-up: 3 days minimum; no intervention,
only monitoring of physical activity and self-
control

Main outcomes •• Average TACs per hour, measured continuously throughout
the trial (at least 5 measures per phase)

Average TACsb per hour, measured continuously
throughout the trial (at least 5 measures per phase)

• Daily self-control, measured twice daily throughout the trial
(at least 5 measures per phase)

• Daily self-control, measured twice daily
throughout the trial (at least 5 measures per phase)

Randomization •• Not randomizedBaseline duration is randomized with restriction
to have at least 5 baseline observation days and
3 measurements

aSCT: self-control training.
bTAC: total activity count.

There are several reasons for using SCED to evaluate
interventions in people with SMI. First, SCEDs require only a
small number of participants—typically 3 to 6. This makes it
more feasible to recruit a sufficient number of participants and
requires less time and financial resources from both staff and
patients. Furthermore, SCEDs can handle heterogeneous samples
as participants function as their own controls. This makes it
possible to involve the diverse population with SMI, who may
present with comorbidities and a broad range of psychosocial
problems. Finally, SCEDs enable research into the working
mechanisms of SCT, which is required [25] but nearly
impossible to achieve through a randomized controlled trial
(RCT) as an intervention is treated as a coherent whole, making
it hard to open the black box of the studied intervention [40].
Overall, this makes SCEDs very suitable for the evaluation of
interventions [41,42] and an excellent and feasible alternative
to classic experimental designs such as the RCT.

In total, 2 SCED experiments are used to address different
aspects of the overall research aim. SCED I is used to (1)
determine the initial effectiveness of the intervention, (2) explore
for which patients SCT may be most effective, and (3) determine
how long SCT should be offered for optimal effects. The design
of SCED I is A-B-C+follow-up, where A refers to the baseline
phase, B is the physical activity intervention alone (Google Fit),
and C is the combination of physical activity intervention+SCT
intervention, followed by a follow-up in which patients are
monitored but no interventions are administered. In addition,
SCED I uses a mixed methods design incorporating qualitative
interviews to provide insights into patients’ experiences with

both the mobile SCT app and the participation in an extensive
longitudinal study. To explore the onset and duration of SCT
effects on self-control, SCT is offered for 4 weeks instead of
the customary 2 weeks [43]. This information will be used to
determine whether SCT should be offered 1, 2, 3, or 4 weeks
in SCED II.

The main aim of SCED II is to validate the effectiveness of the
optimized intervention—in terms of duration and
experience—based on the findings from SCED I. The design
of SCED II is B-C-B-C, where, again, B refers to the physical
activity intervention alone and C refers to the combination of
physical activity intervention+SCT intervention. In both
experiments, 6 participants will be monitored for at least one
baseline phase and one intervention phase, with each phase
lasting at least 5 data points following SCRIBE and What Works
Clearinghouse guidelines [36,37,44]. Given that physical activity
is measured continuously and self-control is measured twice a
day, this will result in at least 28 data points during intervention
phase C in SCED I and between 7 and 28 data points during
intervention phase C in SCED II.

Randomization and Blinding
We will randomly assign participants to different baseline,
intervention phase B, and follow-up durations in SCED I. All
are drawn a priori using the web-based random number
generator Research Randomizer [45] with the restriction of
having at least 5, 7, and 28 baseline observation days,
respectively. In SCED II, phase length will not be randomized
as the optimal intervention length will be derived from SCED
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I. Phase order will not be randomized in both experiments as
we are interested in the additive effect of SCT over Google Fit
only.

Owing to the nature of the intervention, in which apps are used
by participants, it is not possible to blind participants to the
phase. The researchers responsible for supporting participants
in transferring between phases will not be blinded to the phase
for the same reason. Where possible, researchers only involved
in data entry, processing, and analysis will be blinded to the
phase to improve the reliability of the findings [36].

Participants
A total of 12 people with SMI will be recruited from the clinics
of 2 large Dutch mental health care organizations: Dimence
Groep and GGz Centraal. To meet quality standards, an SCED
should include at least 3 participants [37,44,46]. To account for
the high dropout rates common in the psychiatric population,
we will include 6 participants in both SCEDs. Participants will
receive €50.00 (US $56.00) for taking part. To promote
continued commitment to the longitudinal design, participants
will receive €10.00 (US $11.00) at the start, €20.00 (US $22.50)
midway, and €20.00 (US $22.50) at the end of the study.

Participants need to meet the inclusion criterion of having an
SMI, including but not limited to schizophrenia, bipolar disorder,
and major depression, following the Dutch consensus definition
of SMI [47]: (1) requires treatment (ie, no symptomatic
remission), (2) is associated with severe limitations in social or
societal functioning (ie, no functional remission) that result in
and are caused by a psychiatric disorder, (3) is not transient (ie,
is structural, chronic, or long-term [at least several years]), and
(4) requires coordinated care from professional caregivers in
care networks to realize the treatment plan.

As the study will be introduced only to people currently
receiving care for their SMI at an outpatient clinic or residing
in an inpatient clinic, all participants will, on principle, be
expected to meet the consensus definition, and no specific
diagnosis will be determined. If doubt exists about whether a
participant meets this criterion, the health care provider
responsible for the patient (Dutch: persoonlijk begeleider) will
determine whether the participant has an SMI following the
consensus definition. In addition, participants must be aged ≥18
years, receive outpatient treatment or reside in an inpatient clinic
for at least the data collection period, have sufficient opportunity
to be physically active (eg, not be confined to a bed or bedroom),
have an intention to improve physical activity as assessed using
the single-item assessment of stages of change adapted for
healthy behavior [48,49], and provide voluntary consent to
participate. Participants are excluded if they do not want to
(further) improve their physical activity. This is due to the nature
of the SCT intervention—SCT supports putting an existing goal
into practice (ie, tackling the intention-behavior gap) but does
not support patients who are unwilling to improve physical
activity. In a similar vein, SCT is also not expected to be
effective for people who already meet their physical activity
goals. Participants are also excluded if repetitive behavior may
potentially aggravate a patient’s disorder or symptoms (eg,
obsessive-compulsive disorder) as evaluated by the health care
provider or patient. Owning a mobile phone is not an inclusion

criterion as participants who do not own a mobile phone will
be provided one for the duration of the study.

To recruit participants, the study will be introduced to patients
receiving treatment or residing in the clinics via short
presentations and flyers distributed by the researchers. We
specifically decided to do the initial introduction to the study
via researchers rather than the health care provider to avoid any
(perceived) role conflicts between health care providers and
patients, for example, when the health care provider also makes
decisions about patients’ leave in a forensic psychiatric context.
If patients are interested in the study, they will be able to sign
up directly with the researcher (in person or by email), after
which we will discuss with their health care provider whether
participation is safe, appropriate, and feasible for this patient.

When possible, only 1 patient from each clinic will be selected.
This ensures that SCT is tested in different types of patients,
staff, and clinics and prevents social comparison effects as
patients from the same clinic could challenge each other to be
more physically active. Patients not selected will be invited to
participate in SCED II or, if not possible, will be offered to use
the intervention after the study.

Interventions
The interventions consist of 2 mobile apps designed to improve
physical activity. The first is SCIPP: the Self-Control
Intervention App, which was specifically designed for this study,
and the second is Google Fit, a mobile lifestyle intervention
aimed at increasing physical activity.

SCIPP: the Self-Control Intervention App
SCIPP is a mobile app based on the pen-and-paper format of
SCT [24-26]. SCIPP is available on Android and provides users
with a new daily challenge for 14 days. This daily challenge
asks users to perform an everyday activity—such as opening
the door or turning on the light—with their nondominant hand.
After accepting the challenge, users are reminded of the daily
challenge 4 times a day. After 14 days, the app notifies the user
that the training has concluded. By restarting the app, the
intervention can be used for a longer period—in the case of this
study, up to 28 days.

We have previously established the feasibility and preliminary
effectiveness of mobile SCT in young adults [32]. This study
showed that self-control did improve in participants who used
an SCT app, whereas self-control did not increase in participants
who received SCT via email and participants in a control group
that did not receive SCT. The app was then redesigned with and
for people with SMI to meet their cognitive capabilities and
preferences following a participatory design study [50]. It meets
the following requirements for suitable SCT from the patients’
perspective: (1) behavior change is framed as a shared,
unpredictable process; (2) visual rewards and explanations are
given; (3) the app uses reduced textual and numerical
information; and (4) the app provides accessible means for
feedback and personal goals. In addition, the app sends
reminders throughout the day to remind users of the daily
challenge. This was considered specifically important as
reminders appeared to be the main advantage of an app over
email in the previous study [32]. Participants in the app
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condition of the previous study appreciated the reminders and
even requested more, whereas participants in the email condition
indicated that they often forgot about tasks and would have
liked to have reminders. Finally, the SCT app also incorporates
several other persuasive features to promote engagement and
adherence [30,51,52], including reduction, self-monitoring,
social role, praise, personalization, real-world feel, and liking.
Reduction and self-monitoring features reduce complex behavior
in simpler, smaller tasks and allow users to track their
performance on these tasks. In the SCT app, this means that

users monitor daily self-control challenges (Figures 1-2). Social
role and praise enable users to form a social relationship with
the app, which provides praise when the target behavior is
performed. In the SCT app, this is embedded in the virtual coach
Scipp (Figure 3). Personalization and real-world feel were
incorporated through tangible, personalized goals and feedback
(Figure 4), whereas liking refers to the look and feel of the app
and is incorporated into the overall minimalist, colorful esthetic
used.

Figure 1. Screenshot of daily challenges with reminders in SCIPP: the Self-Control Intervention App. Daily challenges are easily found on the main
page and explained visually. Users receive 4 daily reminders of the daily challenge.
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Figure 2. Screenshot of the process page with a winding mountain path in SCIPP: the Self-Control Intervention App. Users self-monitor daily challenges.
As behavior change is an unpredictable process, the mountain visualization includes ups and downs, and participants can also report when they were
not able to do a challenge.

Figure 3. Screenshot of virtual coach Scipp in SCIPP: the Self-Control Intervention App. Virtual coach Scipp praises users for completing challenges.
She also frames behavior change as a shared process and invites users to celebrate success with their broader social network after certain milestones,
such as the first successful day of self-control training.
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Figure 4. Screenshot of providing feedback on challenge difficulty in SCIPP: the Self-Control Intervention App. Users can set their own motivation
for training self-control and provide feedback on the difficulty of the challenges. Once training is completed, this initial goal is shown to the users and
can be adapted if needed.

Google Fit
Google Fit is a freely available mobile health tracking platform
developed by Google in collaboration with the World Health
Organization and the American Heart Association. Google Fit
can be considered a goal-directed, cognitive intervention that
incorporates various behavior change techniques to motivate
the user to be more active. These include the ability to set a
personal activity and step count goal, self-monitor activities in
a personal dairy, and receive customized feedback based on
health and activity history. To monitor physical fitness activities,
Google Fit uses sensors from the user’s mobile device or
external activity trackers. It translates each minute of moderately
intense activity into a Heart Point, and more intense activities
result in more points. In addition, the number of steps is tracked.
It is available on the Android and iOS operating systems, but
in this study, only the Android version will be used.

Google Fit was selected as the physical activity intervention in
this study in line with the rationale provided in the Introduction
section—it does not require additional support from staff; it is
based on reflective processes of self-control (ie, a focus on
cognitive processes such as goal setting) and, thus, can be
complemented with the novel SCT intervention; and it is likely
suitable for the cognitive abilities of people with SMI. The latter
was determined based on the assessment of the Regional Public
Health Services of the Netherlands, which assessed Google Fit
as reliable, theory-informed, secure, and user-friendly, including
short, concrete text free of difficult jargon or medical terms
[53]. Although no evidence is available regarding the
effectiveness of Google Fit in increasing the physical activity

of people with SMI, it has been successfully used in people with
poor mental health [54].

Material and Measures

Overview
The primary study parameters are daily physical activity and
self-control. Daily physical activity will be measured using a
wearable accelerometer, the ActiGraph GTX+ [55,56]. Daily
self-control will be measured via experience sampling.

Physical Activity
The ActiGraph GT3X+ and ActiLife software (version 6.8.0;
ActiGraph) will be used to measure and analyze physical
activity. The accelerometer is worn on the right hip and held in
place with an elastic strap between 2 belt loops. Patients without
belt loops will use a pouch pinned at the same location. The
ActiGraph GT3X+ has a high inter- and intra-instrumental
reliability [57] and validity [56]. It has been used successfully
in previous studies with people with SMI to examine physical
activity and sedentary behavior [6,58,59]. None of these studies
reported usability, safety, or other issues related to the use of
the ActiGraph GT3X+ in this population, which makes it a
reliable, valid, and appropriate choice for measuring physical
activity in this study.

Physical activity is operationalized as the daily average of total
activity counts per hour, which is a continuous and detailed
outcome variable of physical activity [6]. More counts indicate
a higher level of physical activity. Following existing procedures
for valid measurement of physical activity using the ActiGraph
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GT3X+ in this population, a wear time of >6 hours per day for
at least 3 days will be used as the criterion for sufficient
measurement [6,58].

Daily Self-control
To distribute questionnaires, the mobile survey distribution
platform Ethica Data [60] will be used. Ethica is a web-based
platform that is designed for researchers to create, modify, and
distribute momentary surveys for experience sampling research.
It allows researchers to obtain and view the data of the
participant in real time to identify possible errors while the study
is still running. Furthermore, it amplifies the ecological validity,
possibilities, and reliability of frequent data collection [61].
Participants use their smartphones to complete the surveys. This
reduces strain on participants as they do not have to carry with
them additional study-related materials. Finally, trigger logistics
help reduce participant burden by sending automatic reminders
to fill out surveys [62].

Daily self-control will be measured using 2 items from the State
Self-Control Scale [63] and 2 items specifically developed for
this study. Participants use a 5-point slider ranging from 1 (not
at all) to 5 (very much) to reflect on recent self-control
experiences. All questions start with “In the past couple of
hours...” Participants answer questions about decision-making
(“it’s hard to make up my mind about even simple things”),
subjective feelings of ego depletion (“I had less mental and
emotional energy than I normally have”), goal-directed behavior
(“I was able to do what I had planned”), and inhibitory control
(“I was able to resist temptations”). We have previously used
this questionnaire to measure daily self-control in students [64]
and rephrased the items for people with SMI to improve clarity
and brevity. A small pilot study with 5 patients receiving
outpatient psychotherapeutic care showed that the rephrased
items had high face validity, feasibility, and comprehension
[65].

Trait Self-control and Cognitive Control
Generalization measures assess the intervention effect on
untrained tasks and are important to establish the external
validity in SCEDs [36]. The SCRIBE guidelines [37]
recommend that generalization measures are taken repeatedly,
although not as frequently as the main outcome measures. In
this study, trait self-control and cognitive control are used as
generalization measures and assessed every 5 days (at least once
per phase). This combination of measures is used as self-control
is a multifaceted construct and it is recommended to use more
than one type of measurement instrument to assess it [66].

Trait self-control is measured using the Brief Self-Control Scale
(BSCS). The BSCS is a validated, brief, and psychometrically
sound measure of individual differences in self-control that
consists of 13 items [19,66,67]. The BSCS measures several
aspects of trait self-control, including inhibitory and initiatory
control [68]. Participants rate the extent to which a statement,
for example, “I am good at resisting temptation,” matches them
on a 5-point Likert scale ranging from 1 (not at all) to 5 (very
much). A total score for self-control will be created by taking
the sum of all items after recoding negatively phrased items
(Cronbach α=.83-.85 [69]). Higher scores indicate higher levels

of self-control, which has a medium effect on behavioral
outcomes, showing criterion validity [70].

Cognitive control will be measured using the go/no-go task.
This is a well-studied measure of cognitive control and has been
used in previous research to assess self-control [32]. In the
go/no-go task, participants are instructed to respond to target
stimuli but must refrain from responding to nontarget stimuli,
which requires suppressing a behavioral response. In this study,
we will use average reaction time as the main parameter of
cognitive control, with shorter reaction times reflecting more
self-control [32,71].

Sociodemographics and Covariates
To describe the characteristics of the participants, we will collect
information about their age and gender. To explore possible
covariates or moderators of the intervention effect, we will
collect data on body weight, height, stage of change, and clinic
type (outpatient or inpatient) and monitor intervention use
(number of completed challenges and self-reported success of
each challenge).

Experience and Feasibility Measures
Once the study is complete, patients’ perspectives will be
gathered during short semistructured interviews. The interviews
will focus on participants’ experiences with the SCIPP app,
possible points of improvement, and their perceived
effectiveness of SCT. This information will be used to optimize
digital SCT training as well as understand the feasibility of
using SCED methodology in people with SMI.

Procedure
Participants will be visited by a member of the research team
1 day before the start of the experiment. The researcher will
help the patient install all necessary apps on the patient’s mobile
phone. Next, the researcher will fit the accelerometer to the
patients’ hip or belt and demonstrate how to take it off. Finally,
the researcher will help participants fill out the baseline
questionnaires.

During the baseline phases, physical activity and self-control
will be monitored, but no interventions will be administered.
To monitor physical activity, the patient will wear the
accelerometer each day from 9 AM to 11:59 PM except when
sleeping or during activities that involve water, such as
showering or swimming. To measure daily self-control, they
will be prompted to fill out a morning survey between 11 AM
and 1 PM and an evening survey between 7 PM and 9 PM.
Reminders for both surveys will be sent after 30 and 60 minutes.

At the start of intervention phase B, the researcher will visit the
patient and help set up Google Fit by entering their activity
goals (number of steps and number of Heart Points), wake-sleep
schedule, weight, and height. Next, the researcher will
demonstrate where to find and how to use the primary functions
of Google Fit. This will enable patients to self-monitor their
activity and receive personalized coaching. During the
withdrawal phases of SCED II, the researcher will also
deactivate the SCT app and explain to the patient that this app
will not be used for the next phase.
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At the start of intervention phase C, the researcher will visit the
patient and help set up SCIPP by entering the personal goal and
dominant hand. The researcher will also inquire about their
experiences with participation so far and provide additional
instructions regarding Google Fit, the accelerometer, or Ethica,
if required. The next day, the patient will receive the first
self-control challenge and continue to receive and complete
challenges throughout the phase. The researcher will return
every 7 days to answer questions and, if necessary, reset the
app to extend use up to 28 days until the phase is completed.

Follow-up follows the same procedure as the baseline phases.
The researcher will visit the patient to disable all apps on the
patient’s phone except Ethica, which is used for data collection.
Once the study is completed, the researcher will make a final
visit to collect the accelerometer and reactivate any apps that
the patient wishes to continue using. In SCED I, the researcher
will also conduct the postintervention interview during this visit.

Data Analysis

Overview
Data analysis will include both visual and supplementary
statistical analyses of the time-series data for both SCED I and
II [36,42]. Data analysis will be performed using Microsoft
Excel (Microsoft Corp), the web-based Tau-U calculator
accessible via Single Case Research [72], and R (version 1.4;
R Foundation for Statistical Computing) [73] and separately
for the primary and secondary outcomes.

To prepare the data for analysis, we will score the primary
outcome of physical activity as the daily average of total activity
counts per hour. The secondary outcome of daily self-control
will be scored as the daily average of the 4 self-control items.
Next, we will use the median average deviation to identify and
remove outliers. The median average deviation uses the median
to identify scores that deviate 3.5 times from the median as
outliers using a 95% CI. It is specifically recommended for use
in small-sample studies, including SCEDs [74].

As both experiments collect continuous data that are averaged
on a daily level, our missing data approach primarily consists
of making full use of data that are available. To illustrate,
self-control will be measured in the morning and evening. If
the morning data are missing, the afternoon data will be used
to calculate the level of self-control for that day. If no data are
available on a given day, we will use multiple imputation to
impute missing data. Multiple imputation methods have recently
been developed specifically for use in SCED studies and have
several advantages over other missing data approaches,
including retention of collected data, maintenance of the design
structure of an SCED, reduction of bias, and the ability to
capture and communicate uncertainty regarding imputed scores
[75].

Visual Analysis
SCED data are primarily interpreted visually [36]. To do so in
this study, physical activity and state self-control data will be
presented as a time-series graph, with days on the horizontal
axis, physical activity or self-control on the vertical axis, and
phase changes presented as vertical lines. As recommended by

the What Works Clearinghouse guidelines [44,46], we will
consider 6 features to examine within- and between-phase data
patterns visually: level, trend, variability, overlap, immediacy,
and consistency. The phase contrasts to be compared in SCED
I are A versus B (baseline with Google Fit only), B versus C
(Google Fit only with Google Fit+SCT), and A versus C
(baseline with Google Fit+SCT). The phases compared in SCED
II are B versus C (Google Fit only with Google Fit+SCT).

Within phases, level refers to the mean of all data points in 1
phase and is used to compare changes between phases [36].
Trend is the slope of the best-fitting trend line for all data in a
phase and is used to determine trends toward (spontaneous)
improvement or decline. Variability expresses the SD of data
about the trend line and is used to calculate the percentage of
overlap between data collected in different phases.

Between phases, overlap is the proportion of overlap between
data from 2 phases, where less overlap indicates stronger
intervention effects. The specific nonoverlap index we will use
is the Tau-U summary index [76], which is a family of 4 indexes
that calculate nonoverlap in relation to the trend. It is expressed
by “the percent of data that improve over time considering both
phase nonoverlap and Phase B trend, after control of Phase A
trend” [76]. Using Tau-U allows for the exploration of, for
example, how much the physical activity of a patient has
increased after using the SCIPP app while considering a possible
increase in physical activity levels that may have already been
initiated by Google Fit during the previous phase.

Immediacy compares the extent to which the level, trend, and
variability of the last and first 3 data points of subsequent phases
are discriminably different. In SCED I, immediacy is used to
examine whether SCT effects are immediate or cumulative and
to make decisions about the appropriate phase length in SCED
II. Finally, consistency involves examining whether data patterns
(level and trend) are consistent in phases with the same
condition, where more consistent patterns provide greater
certainty for a causal relationship between the intervention and
outcome. This will be used in SCED II to examine whether
physical activity reaches similar level and trend effects in both
B phases (Google Fit only) and both C phases (Google
Fit+SCT).

Piecewise Linear Regression Analysis
To supplement the visual analysis, we will conduct piecewise
linear regression analyses (PLMs) using the scan package [77].
PLM is an approach to analyzing time-series data that are
segmented into phases, including SCEDs [77,78]. The PLM
model calculates 4 parameters (intercept, trend, level, and slope)
separately for data from each phase, allowing for a comparison
between phases. In this case, intercept refers to the performance
at the start of the study, trend effects refer to the continuous
increase in the behavior over time, level effects refer to the
constant and instant effect of the intervention, and slope effects
refer to the change in continuous increase initiated by the
intervention.

Using the PLM, we will construct a linear model for each

individual patient, including a P value, R2 effect size, and beta

JMIR Res Protoc 2023 | vol. 12 | e37727 | p. 10https://www.researchprotocols.org/2023/1/e37727
(page number not for citation purposes)

Dekkers et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


weights for trend, level, and slope effects. We will use a cutoff
of P<.05 to determine significant effects.

In SCED I only, we will also construct a multilevel PLM to
aggregate single-case findings across all participants included.
Aggregation improves the external validity of the findings by
providing overall trend, level, and slope effects and allows for
the exploration and quantification of moderation effects using
random slopes [77]. First, we will include random slopes in the
multilevel PLM to examine whether trend, level, and slope
effects differ significantly between participants. If this is the
case, we will subsequently consider the interactions between
body weight, height, stage of change, clinic type, intervention
use, trait self-control, and cognitive control as potential
moderators of the effect. As there are no existing hypotheses
about moderation, we will not use confirmatory P values in this
analysis but merely report any findings as preliminary and
exploratory.

Reliable Change in Generalization Measures
We will explore individual changes in generalization measures
of trait self-control and cognitive control by comparing the
means of pre- and postintervention scores obtained during
baseline, end of intervention phase C, and follow-up.

Qualitative Analysis of Experience
Interview data will be analyzed inductively using thematic
analysis [79] to organize data into overarching themes related
to usability and feasibility of the SCIPP app and SCED
methodology according to people with SMI.

Results

Funding for this study was obtained in July 2020 by The
Netherlands Organisation for Health Research and Development
(project 555003023). It was approved by the Ethics
Committee/domain Humanities and Social Sciences of the
Faculty of Behavioural, Management, and Social Sciences at
the University of Twente in November 2021 and the research
committees of the participating mental health care facilities in
January 2022. Recruitment for the study started in January 2022,
and 6 participants have been included as of March 2023. We
expect to publish the results in summer 2023.

Discussion

Expected Findings
Earlier studies have shown that SCT using the nondominant
hand paradigm can increase self-control in healthy populations
[24-26]. Self-control is a key mechanism in translating physical
activity intentions into practice [80,81]. Therefore, interventions
targeting self-control may be a viable strategy for improving
physical activity in people with SMI. Many people with SMI
experience poor physical health yet are barely targeted in
preventive and health promotion research, leading to large
systemic inequality [82]. In addition, people with SMI face a
number of social, cognitive, physical, psychological, and sensory
impairments, which may make cognitively based physical
activity interventions less accessible [83,84]. However, further
studies are needed to evaluate the effect of combining SCT and

regular physical activity interventions on physical activity in
this target group. This study will provide initial insights into
whether this is the case.

SCIPP, the SCT app that will be used in this study, is expected
to be feasible, effective, and suitable for people with SMI. First,
it brings SCT to the digital era as it is delivered via a mobile
app. Among other things, an app can be used by patients
individually, on their own time, and at their own pace; is
scalable; and can increase patient motivation and adherence,
making it a suitable instrument to target people with SMI [85].
Previous research has indeed shown that there is a need for
well-designed mobile apps to further improve treatment of
hard-to-involve patient populations [86]. Second, based on
earlier research on SCT and a specific study on an SCT app, it
is expected that SCIPP will be effective. We have previously
developed and pilot-tested a functioning prototype of an SCT
app aimed at students and found that self-control increased after
just 10 days [32]. Even though this was studied in a different
target group, it still shows the potential of this app to bolster
self-control as it is expected that the underlying mechanisms of
self-control practice are similar across populations. The findings
of this previous study were used to further develop the SCT
app, resulting in SCIPP. This study especially highlighted the
importance of reminders to ensure that participants did not forget
about the SCT tasks throughout their day. Second, SCIPP was
specifically designed with and for this target group following
a participatory design process in which patients were structurally
involved in app development via 3 design workshops. Products
designed through a participatory design approach often have a
better user experience and usability as they fit more closely with
users’ needs [84,87]. Indeed, usability tests with 3 patients with
SMI who were not involved in the design workshops showed
that patients had a high level of satisfaction and intention to use
SCIPP. Interventions are expected to benefit from this improved
fit in multiple ways, including increased effectiveness [87],
adherence [88,89], and adoption. Therefore, we expect that the
mobile SCT app will provide an effective and suitable way to
train self-control in the population with SMI. This should not
be considered a stand-alone psychological treatment, but
following this trial, the app could be implemented alongside
any intervention aimed at improving the lifestyle of people with
SMI to bolster its effectiveness.

To examine SCIPP in concert with Google Fit, we will use 2
SCEDs. The classic RCT is—despite its shortcomings—still
the most dominant design for eHealth evaluation [41]. However,
assembling the homogeneous population that is required for
controlled trials is difficult or even impossible to achieve
because of the relatively high number of patients with
comorbidities. The fact that people with SMI are considered
difficult to involve in larger trials such as RCTs may explain
the lack of studies on their physical activity levels. This
illustrates a paradox: even though vulnerable populations require
more research to improve care, they are very hard to involve in
classic study designs, which results in an underrepresentation
in scientific literature, which in turn further aggravates
inequalities [90]. SCEDs provide a good method to address this
paradox as they allow for high-quality experimental research
by intensively monitoring a limited number of patients. The
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first studies show that SCEDs are very suitable for the evaluation
of eHealth interventions [41,42] and offer an excellent and
feasible alternative to more classic experimental designs such
as the RCT. However, although SCEDs appear to be a fitting
research design, they have not been used to study eHealth
physical activity interventions developed for people with SMI.
This implies the need for more studies that apply SCEDs.
Consequently, this project will apply 2 SCEDs to evaluate the
effectiveness of combining a cognitive-based physical activity
intervention with a mobile app to train self-control. This study
will also explore people with SMI’s experiences of being
involved in such an extensive longitudinal study. As such, these
findings will also allow other researchers to learn the benefits
and pitfalls of applying this relatively novel design to the
evaluation of other eHealth interventions.

Strengths and Limitations
A major strength of this study is the combination of 2
approaches to SCED: the multiple-baseline design across
participants and the introduction/withdrawal design. The first
experiment will allow us to demonstrate whether mobile SCT
is effective, for whom it may be most effective, and for how
long it should be offered for optimal effects. In addition, the
qualitative interviews provide insights into how to optimize the
mobile SCT app as well as insights into participation in an
extensive longitudinal study from the perspective of people with
SMI. This knowledge will be directly applied to the second
experiment, in which the optimized intervention will be offered
to a new set of patients to validate these findings.

Second, the study also uses accelerometry to assess the physical
activity of people with SMI objectively. The use of
accelerometry data substantially improves the reliability,
validity, and level of detail of data on sedentary behavior and
physical activity compared with often-used self-reports in which
physical activity levels are consistently overestimated [91-93].

The main limitation is that there is no certainty that people with
SMI will persist in SCT, faithfully wear the accelerometer, and
provide answers to the daily questionnaires for the considerable
study duration of 7 weeks. Nonadherence is a major challenge
for any longitudinal study, including N-of-1 designs such as
SCED [94]. However, it is specifically challenging in people
with SMI [95], and studies suggest that low self-control may
also further contribute to low adherence [96]. As this study is
both longitudinal and will target individuals with SMI (who
commonly have lower self-control than the general population
[97]), nonadherence may thus be expected. To address this
limitation, we will take additional measurements to avoid
complete loss of data (eg, 2 daily measures of self-control
instead of 1), schedule regular phone calls and visits by the
researcher, and offer financial incentives for continued
participation in the study, all strategies associated with better
adherence [98-100]. Explicitly reporting on the success of these
strategies both from a quantitative (eg, use data) and qualitative
(eg, patient interviews) perspective will also help other
researchers make more informed decisions about the design of
SCED studies specifically in the population with SMI.
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