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Abstract

Background: Taxonomies and models are useful tools for defining eHealth content and intervention features, enabling comparison
and analysis of research across studies and disciplines. The Behavior Change Technique Taxonomy version 1 (BCTTv1) was
developed to decrease ambiguity in defining specific characteristics inherent in health interventions, but it was developed outside
the context of digital technology. In contrast, the Persuasive System Design Model (PSDM) was developed to define and evaluate
the persuasive content in software solutions but did not have a specific focus on health. Both the BCTTv1 and PSDM have been
used to define eHealth interventions in the literature, with some researchers combining or reducing the taxonomies to simplify
their application. It is unclear how well the taxonomies accurately define eHealth and whether they should be used alone or in
combination.

Objective: This scoping review explored how the BCTTv1 and PSDM capture the content and intervention features of
parent-focused eHealth as part of a program of studies investigating the use of technology to support parents with therapy home
programs for children with special health care needs. It explored the active ingredients and persuasive technology features
commonly found in parent-focused eHealth interventions for children with special health care needs and how the descriptions
overlap and interact with respect to the BCTTv1 and PSDM taxonomies.

Methods: A scoping review was used to clarify concepts in the literature related to these taxonomies. Keywords related to
parent-focused eHealth were defined and used to systematically search several electronic databases for parent-focused eHealth
publications. Publications referencing the same intervention were combined to provide comprehensive intervention details. The
data set was coded using codebooks developed from the taxonomies in NVivo (version 12; QSR International) and qualitatively
analyzed using matrix queries.

Results: The systematic search found 23 parent-focused eHealth interventions described in 42 articles from various countries;
delivered to parents with children aged 1 to 18 years; and covering medical, behavioral, and developmental issues. The predominant
active ingredients and intervention features in parent-focused eHealth were concerned with teaching parents behavioral skills,
encouraging them to practice and monitor the new skills, and tracking the outcomes of performing the new skills. No category
had a complete set of active ingredients or intervention features coded. The two taxonomies conceptually captured different
constructs even when their labels appeared to overlap in meaning. In addition, coding by category missed important active
ingredients and intervention features.

Conclusions: The taxonomies were found to code different constructs related to behavior change and persuasive technology,
discouraging the merging or reduction of the taxonomies. This scoping review highlighted the benefit of using both taxonomies
in their entirety to capture active ingredients and intervention features important for comparing and analyzing eHealth across
different studies and disciplines.
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Introduction

Background
Taxonomies and models are useful tools for defining eHealth
intervention content and delivery, enabling the comparison and
analysis of research across studies and disciplines [1]. The
Behavior Change Technique Taxonomy version 1 (BCTTv1)
was developed to decrease ambiguity in defining specific
characteristics inherent in health interventions [2], but it was
developed outside the context of digital technology. In contrast,
the Persuasive System Design Model (PSDM) was developed
to define and evaluate the persuasive content in software
solutions but did not have a specific focus on health [3]. Both
the BCTTv1 and PSDM have been used to define eHealth
interventions in the literature [4-9], with some researchers
combining the taxonomies to include both the health and
persuasive technology components [10-12]. However, there
have been concerns regarding the ability of the taxonomies to
capture the variability and dynamic nature of health
interventions [13-15]. In addition, it is unclear how well the
BCTTv1 and PSDM accurately define eHealth and whether
they should be used alone or in combination. Therefore, a
scoping review methodology was used to develop a relevant
data set to explore how the BCTTv1 and PSDM capture the
content and delivery of eHealth interventions. The scope was
concerned with parent-focused eHealth as part of a program of
studies investigating the use of technology to support parents
with therapy home programs for children with special health
care needs.

The Taxonomies
The BCTTv1 taxonomy defines 93 distinct behavior change
techniques (BCTs) categorized into 16 behavioral determinants.
The behavioral determinants include categories common to
many behavior change theories, such as goals and planning,
social support, and shaping knowledge [2,16]. The BCT
represents the smallest component of a behavior change theory
that could bring about a change in behavior under the right
circumstances. As such, BCTs are described as the “active
ingredients” of an intervention [17].

Persuasive technology [18] refers to the use of technology, such
as computers, mobile devices, and the internet, to influence and
change people’s attitudes or behaviors. Although technology is
often described as a service delivery vehicle in eHealth, digital
applications that are responsive to a user’s input can mimic
social drivers of behavior and are more persuasive than static
communication media such as print [19,20]. Persuasive
technology ranges from simple nudges and reminders to more
complex interactive systems that use personalized feedback and
rewards to motivate and engage users. On the basis of the earlier
work by Fogg [18] describing persuasive technology,

Oinas-Kukkonen and Harjumaa [3] proposed the PSDM
grouping of 28 persuasive system design (PSD) elements into
4 design principles. A fifth design principle was later added to
capture the coaching elements found in many eHealth
interventions [6]. Despite being called a model, the PSDM does
not define the relationships between the design elements and
principles [21] and, thus, can be considered a taxonomy akin
to the BCTTv1 [12].

The BCTTv1 and PSDM have a different focus; however, there
is considerable overlap in the categories and principles of these
2 taxonomies. Therefore, some systematic reviewers have
merged labels within the 2 taxonomies ad hoc [9-12]. However,
labels within the 2 taxonomies may describe different
characteristics of the same eHealth intervention. For example,
Self-Monitoring from the BCTTv1 is a BCT that includes
activities such as using a diary or checklist to self-monitor
behavior. This requires some discipline and commitment to
keep track of what is being monitored. In persuasive technology,
Self-Monitoring defines an automated feature of technology
that requires little effort from the user but potentially requires
the user to give up a level of privacy for the convenience of
having the technology do the monitoring for them.
Self-Monitoring as captured by these 2 taxonomies clearly
represents different behaviors and experiences for the user and,
therefore, potentially different outcomes.

Combining multiple taxonomies to define an intervention
presents a challenge in terms of efficiency and usability.
Although merging taxonomies based on similar labels or
constructs may improve efficiency, it could also result in the
omission of important ingredients or features. Therefore, this
review explores the similarities and differences between the
BCTTv1 and PSDM to gain a deeper understanding of their
usability individually and in combination to define the content
and delivery of digital interventions in parent-focused eHealth.

Methods

Overview
Scoping reviews are an alternative to systematic reviews when
there is a need to clarify characteristics related to a concept in
the literature [22,23]. As scoping reviews are not intended to
inform practice or answer effectiveness questions, they do not
include a critical appraisal of the literature and cannot be used
to determine intervention effectiveness [24,25]. Scoping reviews
require a systematic review approach and provide a
methodologically rigorous structure; however, they are intended
to be iterative. The search terms and questions are refined as
the researchers become immersed in the available literature
[24,25]. The PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) guidelines [26] accommodate changes in scoping
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review protocols over time and guided this scoping review report
[27], along with the original framework provided by Arksey
and O’Malley [24].

Population
Parents of children with special health care needs were the
population of interest in this scoping review. Children with
special health care needs are defined as children with “chronic
physical, developmental, behavioural, or emotional conditions
who also require health and related services of a type or amount
beyond that required of children generally” [28].

Context
Many parent-focused eHealth interventions use
computer-mediated interactions as a primary feature, involving
mostly synchronous videoconferencing between the parent and
the therapist [29]. However, persuasive technology was a key
interest, and therefore, the eHealth interventions needed to
predominantly include human-computer interaction to be
included in this scoping review. In other words, the parents
needed to interact directly with a digital application that was
responsive to their input. In addition, the continuous evolution
of technology highlights the importance of focusing on
underlying principles that define the core functionality of
eHealth interventions to facilitate research and future
development [30-32]. Therefore, the context of this scoping
review included all parent-focused eHealth interventions
regardless of the underlying theories, application, platform, or
device being used.

Content
The search was pragmatically limited to articles published after
2008, when both the BCTTv1 and PSDM were first published
[2,3], and the subsequent 10-year period in accordance with
recommendations for limiting the number of articles in a scoping
review [33]. This provided a comprehensive yet manageable
database to examine the relationship, similarities, and differences
between the BCTTv1 and PSDM, providing insights into how
the active principles captured by these taxonomies could be
applied in future studies.

Objectives
The objective of this scoping review was to develop novel
insights into how the BCTTv1 and PSDM, 2 increasingly
popular taxonomies, identify active ingredients and features of
eHealth interventions to inform future research and design.

This review answered two questions: (1) What are the active
ingredients and persuasive technology features commonly found
in parent-focused eHealth interventions for children with special
health care needs? and (2) How do the active ingredients and
features described in parent-focused eHealth literature overlap
and interact with respect to the BCTTv1 and PSDM taxonomies?

Variation From the Published Protocol
A protocol for this scoping review was published elsewhere
[34]. Consistent with the iterative and responsive nature of
scoping reviews [33], three variations from the protocol are
noted. First, the term “ingredients and features” replaced the
term “principles” to decrease ambiguity in terminology. Second,
the term persuasive eCoaching did not replace PSDM as
originally suggested. Further immersion in the data and related
literature found that the elements suggested by Lentferink et al
[6] did not reflect an eCoaching process.

The third variation related to the illustration within the protocol
depicting the relationship between the PSDM and BCTTv1.
This figure has been updated (Figure 1) in light of scoping
review findings. The labels within the figure were changed to
more accurately represent the components of the behavior
change models related to the 2 taxonomies (previously labeled
Behavior Targets) and behavior outcomes (previously labeled
Behavior). The additional PSD category and elements suggested
to represent coaching elements of eHealth [6] were also included
as PSD principles (increased from 4 to 5) and elements
(increased from 28 to 32). The updated figure illustrates how
the BCTTv1 and PSDM relate and link to behavioral outcomes
through their related models: the Capability, Opportunity, and
Motivation–Behavior (COM-B) model and the Fogg Behavior
Model (FBM), respectively. Each model is made up of behavior
components linked to BCTs and PSD elements that represent
the behavioral determinants and design principle categories in
the taxonomies. The 9 intervention functions linking BCTs to
behavioral components in the BCTTv1 have also been included.
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Figure 1. Synthesis of active ingredients, intervention features, and behavior components. BCT: behavior change technique; PSD: persuasive system
design; COM-B: Capability, Opportunity, and Motivation–Behavior.

Search Strategy
The search strategy was informed by guidelines for scoping
reviews [24,26,35] and included a systematic search of
MEDLINE (Ovid), Embase (Ovid), PsycINFO (Ovid), Scopus,
Web of Science, CINAHL (EBSCOhost), and ERIC (Ovid) to
identify potentially relevant articles. Keywords related to
parent-focused eHealth were used, where the parent was the
intended target of the intervention and their child’s health or
behavior was the intended outcome. To be included,
interventions required human-computer interaction. For the
purpose of this review, human-computer interaction was
conceptualized as user-generated content and an element of
automation to support the parents’ behavior change.
Interventions that were predominantly a replacement for
face-to-face interventions or coaching (ie, computer-mediated
synchronous communication), were not interactive (eg, static

text, such as a digital version of an information pamphlet), or
were solely intended as an education platform were excluded
for this reason. In addition, as the aim of the larger study was
to support parents, interventions that predominantly required
the child rather than the parent to interact with the technology
were also excluded. A detailed list of the inclusion and exclusion
criteria can be found in Table 1.

Keywords were developed and refined through an exploratory
search of the literature using Scopus. Keywords, Medical
Subject Heading terms, and Excerpta Medica Tree terms were
tested in Scopus and then extrapolated to match the criteria of
the remaining databases in consultation with a medical librarian.
Keywords (detailed in Multimedia Appendix 1) were used to
conduct an electronic search of MEDLINE (Ovid), Embase
(Ovid), PsycINFO (Ovid), Scopus, Web of Science, CINAHL
(EBSCOhost), and ERIC (Ovid). The search yielded 9405
articles published between 2009 and 2018.
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Table 1. Inclusion and exclusion criteria.

RationaleExclusion criteriaInclusion criteriaCategory

PSDa is specifically concerned with
the relationship that technology is
able to form with the user, and we
were primarily interested in automat-
ed aspects of the technology that al-
lowed the intervention to be scaled
(ie, reach a large number of users)
without increasing therapist contact
time.

The intervention was only 1-way communi-
cation without any interaction from the user
(eg, only involved SMS text messaging and
reminders), was a replacement for face-to-
face interventions or coaching (ie, only used
synchronous communication), was not inter-
active (eg, only static text, such as a digital
version of an information pamphlet), or
only used computer-mediated communica-
tion (eg, social media without any automat-
ed elements).

The intervention included human-computer
interaction delivered using the internet or mo-
bile technology (ie, automated responses to
active human engagement with the technolo-
gy).

Human computer
interaction

Behavior change in the short term
(<6 months) requires a different ap-
proach and has different challenges
and underlying mechanisms from
the long-term behavior change that
is needed for chronic conditions.

The intervention was intended for a single
event of medical care or to address a health-
related issue of <6 months (eg, preparation
for surgery, vaccinations, or short-term
health conditions such as postoperative
management following tonsillectomy in
typically developing children).

The intervention was aimed at parents to ad-
dress health-related issues that were likely to
last >6 months in their children. Examples of
health-related issues might be obesity, disor-
dered sleep, diabetes, or disability-related
conditions such as cerebral palsy and autism.

Chronic child-
hood disability

Parents play a key role in their
child’s health and behavior. Our re-
view was specifically concerned
with interventions supporting par-
ents to manage their child’s health
needs. Parents with their own health
needs require additional supports
and approaches that were not the
focus of this review.

The intervention was targeted at the child.
Parents’participation was only as an adjunct
to the intervention (eg, virtual reality game
where the child played the game and the
parent helped set it up and kept a diary of
how it was used). Interventions targeting
parents with health issues (eg, parental
cancer and parental mental health) were
excluded.

The intervention was aimed at the child’s par-
ents to support behavior change in their child
at home, at school, or in their community.
Teachers, other caregivers, and children may
also be included in the intervention, but parents
must be the primary target or at least equally
targeted.

Intervention Aim

Our outcome of interest was the
child’s health and behavior. Interven-
tions targeting parent outcomes
would have different approaches
and emphases that would not meet
our objectives for this review.

The outcome was primarily concerned with
the parents’ health-related issues or well-
being or behaviors that indirectly improved
children’s health (eg, decreased parental
stress or parents engaging better with health
services, such as attending medical appoint-
ments or a parent education class).

Outcomes of interest included the child’s
health-related or behavior issues (eg, child’s
mental health, behavior, fitness, diet, sleep,
and biomarkers) or parent behaviors that direct-
ly addressed the child’s health issues (eg, par-
ents giving children healthier meal options,
regular bedtimes, physical activity opportuni-
ties, and less screen time).

Intervention Out-
come

Children require different parenting
approaches at different ages and
stages. We limited our age group to
children who were able to actively
participate in an intervention but not
yet at a stage of autonomy that is
seen in teenagers.

The intervention was only aimed at
teenagers or at infants or babies aged <2
years.

The intervention group included parents of
children aged between 2 and 12 years. Children
or preadolescents are also more likely to re-
quire active support from their parents than
adolescents, who can navigate transportation
and leisure-time activities by themselves or
with their peers, supporting the present delim-
itation of child age to 5-12 years [36].

Age range of the
children

The intervention needed to address
long-term behavior change.

The intervention was only intended to be
accessed once or twice (eg, reading informa-
tion or watching a video to prepare children
for a one-off surgical event).

The intervention was intended to be used over
>1 week.

Intervention Dura-
tion

There needed to be sufficient details

of the intervention to code the BCTb

and PSD elements.

The eHealth intervention was not adequately
described.

All studies where the eHealth intervention was
described included qualitative and quantitative
research.

Study Design

aPSD: persuasive system design.
bBCT: behavior change technique.

Screening for Eligibility
After duplicate removal, 4843 abstracts were screened stepwise
at the title (n=3228, 66.65% remaining), abstract (n=136, 2.81%
remaining), and full text (n=102, 2.11% remaining) levels. After
duplicates were removed, titles and abstracts were imported
into EndNote X7 (Clarivate Analytics). Publication titles were

used to remove studies that were clearly not related to the
scoping review purpose, were a summary of academic
proceedings, or did not contain details of specific eHealth
interventions.

The reasons for exclusion were recorded (Figure 1). As the unit
of data analysis was the eHealth intervention, articles that did
not have basic information describing the intervention were
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excluded unless there were other publications about the same
eHealth intervention with sufficient details. This included
pamphlets and other gray literature found through reference
mining of the full-text articles. An additional 8 articles were
included, bringing the final number of articles to 42.

Abstracts were screened independently by 2 study authors. All
the retained articles were retrieved as full-text articles and
reviewed independently by 2 authors. Throughout the process,

disagreements were resolved through discussion between the 2
reviewers and, at times, a third author.

Publications describing the same intervention in a different
country or population were collapsed into a single unit of
analysis, as were publications reporting on different aspects of
the same study. This resulted in 23 digital health interventions
to analyze. Figure 2 illustrates the selection process using the
PRISMA-ScR flow diagram [26].

Figure 2. Scoping review selection process. HCI: human-computer interaction.

Data Extraction and Analysis
Data from multiple publications on the same study or
intervention were combined, as well as information about the
intervention available on the web, to extract the most
comprehensive details of the eHealth intervention. Data were
charted in table form for content related to year and country of
publication, health conditions covered, theories mentioned, and
age range of the children targeted by the interventions. The type
of technology hardware used (eg, tablets and smartphones) was
also recorded. Any references to the BCTTv1, the PSDM, or
their related models and theories were noted.

A qualitative process of deductive content analysis [37] of the
extracted data occurred in iterative cycles of coding, refining
codes and recoding to define the content, patterns, and
relationships of each intervention’s active ingredients and
features. Articles were coded in NVivo (version 12; QSR

International) with matrix-coding queries used to look for
relationships and patterns. The BCTTv1 and PSDM taxonomies
were used as the codebook for this analysis. Therefore, tests of
codebook reliability and validity were not considered necessary
as codes were not added or removed. Definitions were clarified
as needed throughout the coding process. Coders had varied
previous experience and training. EJHS had previous experience
applying the BCTTv1 in several projects [38-40]. MS had no
previous coding experience but undertook web-based training
in BCT coding [41] before starting this process. Where
publications provided their own list of BCTs, these
supplemented the retrospective codes identified but did not
replace them.

Coding Development and Process
Initially, 4 articles were read and coded independently by MS
and JHS. The codes were discussed to reach an agreement on
the definition and parameters of each code. As the definitions
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in the PSDM are not robust, the persuasive technology text [18]
and course notes from the behavior design guide workshop [42]
were used to supplement the understanding of PSDM coding
use. Credibility was supported via both coders coding all articles
independently and then discussing codes at weekly meetings
where further refinements of code definitions were made and
decision rules were documented. External advice from academic
colleagues with expertise in the BCTTv1 and PSDM was sought
once for each taxonomy when an agreement could not be
reached between the 2 primary coders. A log of decisions that
contributed to the final coding scheme was kept as an audit trail.
Once all articles were coded and no further updates were made
to the coding manual, all articles were uploaded into NVivo,
reread, and recoded based on the final coding parameters.

Coding rules were expanded beyond the BCTTv1 guidelines
when there was a lack of clarity regarding which of the 2 related
codes to use. For example, if it was difficult to determine
whether self-monitoring was directed at the behavior or the
outcome, it was coded as both Self-monitoring of behavior and
Self-monitoring of outcome(s). Knowledge and education were
a large part of most interventions but were often described with
insufficient detail for BCT coding requirements. Text related
to education, instruction, or the provision of knowledge was
not coded unless it clearly adhered to a BCTTv1 definition given
that research suggests that education and knowledge on their
own do not change behavior [29-31]. This contrasts with the

approach taken by other authors, who coded any reference to
education as Information About Health Consequences and
Instruction on How to Perform the Behavior [28]. All text was
coded in this way before checking the supplementary material
where BCTs were detailed by the publication authors. Where
supplementary material was provided listing the BCTs, this was
reviewed after coding, and any additional codes were added.

NVivo queries were used to generate 3 matrix tables
representing how the BCTs and PSD elements were represented
in the data. The first table showed the number of times a BCT
was coded with a PSD element (BCT-PSD pairs). The other 2
tables showed the number of times a BCT was coded with a
different BCT (BCT-BCT pairs) or a PSD element was coded
with a different PSD element (PSD-PSD pairs) in the same
intervention. These matrix tables were exported to Microsoft
Excel (Microsoft Corp) and enabled us to explore the
relationship between BCTs and PSD elements as they were
represented in the data.

By definition, persuasive technology requires human-computer
interaction where the technology can form a “relationship” with
the user. In this scoping review, technology was considered an
active participant in the intervention, taking part in a
“relationship” with the parent. In Figure 3, the 2 arrows in the
rectangle represent this relationship in a parent-focused eHealth
intervention, which was the focus of this review.

Figure 3. Relationships in parent-focused eHealth. The largest arrow represents the focus of this scoping review. Solid arrows represent more commonly
described relationships; dashed arrows represent other relationships described.

Results

Overview
This scoping review mapped 23 parent-focused eHealth
interventions included in 42 articles published between 2009
and 2018. The most common study type in the included articles
was randomized controlled trials (15/42, 36%). The next most
common study types were cohort (5/42, 12%) and qualitative
(4/42, 10%) studies. The publications also included mixed
methods studies (2/42, 5%), co-design (2/42, 5%), case series

studies (2/42, 5%), case-control studies (2/42, 5%), action
research (1/42, 2%), and a randomized controlled trial protocol
(1/42, 2%). The remainder of the published materials (8/42,
19%) included reports, pamphlets, and supplementary material
such as tables and images of the digital intervention that were
included if they detailed the intervention content for coding
purposes (Table 2).

The authors of the articles were from the United States (13/42,
31%); Australia (10/42, 24%); Europe (4/42, 10%); the United
Kingdom (3/42, 7%); China, New Zealand, and Sweden (2/42,
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5% per country); and Belgium, Canada, Israel, Italy, Japan, and
Poland (1/42, 2% per country). The parent-focused eHealth
interventions were delivered to parents with children ranging
in age from 1 to 18 (mean 7, SD 5) years (Table 3).

The range of chronic childhood health and behavioral concerns
is listed in Table 4 and covers medical, behavioral, and
developmental issues. Children with cerebral palsy and other
childhood physical disabilities were not represented.
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Table 2. Interventions included in the scoping review (n=23).

Study typeSourceLatest publication yearCountryIntervention

Mixed; action researchPeer-reviewed publication2016ChinaALLapp (acute lymphoblastic leukemia)
[43,44]

CohortPeer-reviewed publication2012Poland or JapanAutismPro [45]

RCTaPeer-reviewed publication2015United StatesBoston Breathes [46]

RCTPeer-reviewed publication2016AustraliaBraveOnline [47-49]

RCTPeer-reviewed publication2012United StatesCHESSb [50]

RCT; otherPeer-reviewed publication and
pamphlet

2017AustraliaCLKonline [51-53]

QualitativePeer-reviewed publication2012United Statese-Asterc [54]

Co-designPeer-reviewed publication2015United StateseCPPd [55]

Qualitative; RCTPeer-reviewed publication2017United StatesEnhancing Interactions [56]

ProtocolPeer-reviewed publication2015CanadaStrongest Families FASDe [57]

Case studyPeer-reviewed publication2016United StatesTE-HNCf [58]

Co-designPeer-reviewed publication2016United StatesHEALg [59]

Qualitative; action re-
search

Peer-reviewed publication2015United KingdomHealth Heroes [60]

CohortPeer-reviewed publication2017United StatesICTh [61]

Mixed methodsPeer-reviewed publication2017United StatesImPACTi Online [62,63]

Case-controlPeer-reviewed publication2016Australia and Bel-
gium

Internet-LPj [64]

RCTPeer-reviewed publication2012United StatesMy Child’s Asthma [65,66]

RCT; cohortPeer-reviewed publication2014SwedenPMTk [67]

CohortPeer-reviewed publication2018IsraelSensory Treat [68]

RCTPeer-reviewed publication2017AustraliaTime2bHealthy [69]

RCT; cohortPeer-reviewed publication2017Australia and New
Zealand

TPOLl [70-72]

QualitativePeer-reviewed publication2017ItalyTrec-Lifestyle (Trento region as a citi-
zen-controlled clinical record system)
[73]

Case series; otherPeer-reviewed publication,
report, and pamphlet

2018EuropeWHAAMm [74-77]

aRCT: randomized controlled trial.
bCHESS: comprehensive health enhancement support system.
ce-Aster: Electronic Asthma Symptom Tracking and Exacerbation Reduction.
deCPP: Electronic Chicago Parent Program.
eFASD: fetal alcohol spectrum disorder.
fTE-HNC: Technology-Enhanced–Helping the Noncompliant Child.
gHEAL: Healthy Eating and Active Living.
hICT: interactive computerized training.
iImPACT: Improving Parents as Communication Teachers.
jLP: Lidcombe Program.
kPMT: parent management training.
lTPOL: Triple P Online.
mWHAAM: Web Health Application for ADHD Monitoring.
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Table 3. Content, context, and population details of the included interventions (n=23).

Age target (years)Stakeholders (other than parents)DiagnosisIntervention

1-14Medical staffAcute lymphoblastic leukemiaALLapp (acute lymphoblastic leukemia)
[43,44]

3-7N/AaAutismAutismPro [45]

9-17Care providers, physicians, and asthma
specialist

AsthmaBoston Breathes [46]

3-17N/AAnxiety disorder (other than OCDb, panic
disorder, or posttraumatic stress disorder)

BraveOnline [47-49]

4-12NurseAsthmaCHESSc [50]

2-6N/AChild anxiety disordersCLKonline [51-53]

10-18Care managerAsthmae-Asterd [54]

Not specifiedN/AEmotional and behavioral problemseCPPe [55]

2-6N/AASDsfEnhancing Interactions [56]

4-12N/AChallenging behavior in children with
FASD

Strongest Families FASDg [57]

3-8N/AEarly-onset DBDsi and BPTjTE-HNCh [58]

4-10N/ACancerHEALk [59]

5-11N/AChildhood weight managementHealth Heroes [60]

3-4N/AASDsICTl [61]

2-12N/AASDsImPACTm Online [62,63]

3-4Speech-language pathologistEarly stutteringInternet-LPn [64]

2-10N/AAsthmaMy Child’s Asthma [65,66]

3-12N/AODDp and CDq—disruptive behaviorsPMTo [67]

0-12N/ASensory processing disorderSensory Treat [68]

2-5DieticianChildhood obesityTime2bHealthy [69]

2-9Family and teachersEarly-onset conduct problemsTPOLr [70-72]

7-12N/AOverweight childrenTrec-Lifestyle (Trento region as a citi-
zen-controlled clinical record system)
[73]

Not specifiedTeachers, classmates, health services,
and providers of other professional ser-
vices

ADHDtWHAAMs [74-77]

aN/A: not applicable.
bOCD: obsessive-compulsive disorder.
cCHESS: comprehensive health enhancement support system.
de-Aster: Electronic Asthma Symptom Tracking and Exacerbation Reduction.
eeCPP: Electronic Chicago Parent Program.
fASD: autism spectrum disorder.
gFASD: fetal alcohol spectrum disorder.
hTE-HNC: Technology-Enhanced–Helping the Noncompliant Child.
iDBD: disruptive behavior disorder.
jBPT: behavioral parent training.
kHEAL: Healthy Eating and Active Living.
lICT: interactive computerized training.
mImPACT: Improving Parents as Communication Teachers.
nLP: Lidcombe Program.
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oPMT: parent management training.
pODD: oppositional defiant disorder.
qCD: conduct disorder.
rTPOL: Triple P Online.
sWHAAM: Web Health Application for ADHD Monitoring.
tADHD: attention-deficit/hyperactivity disorder.

Table 4. Health conditions (n=23).

Studies, n (%)Health category and diagnosis

Medical

2 (9)Cancer

4 (17)Asthma

3 (13)Obesity

2 (9)Anxiety

Behavioral

4 (17)Oppositional and disruptive behavioral disorders

1 (4)Fetal alcohol spectrum disorder

1 (4)Attention-deficit/hyperactivity disorder

Developmental

4 (17)Autism spectrum disorder

1 (4)Speech dysfunction

1 (4)Sensory processing dysfunction

Parent-Focused eHealth Content
This scoping review mapped the theories, models, and
taxonomies described in the included publications. Just over
half (13/23, 57%) of the interventions mentioned a behavior
change theory. Social-cognitive theory was the most frequently
mentioned (6/23, 26%), followed by self-determination theory
(3/23, 13%). Only 9% (2/23) of the interventions referenced
PSD (CLKonline and Strongest Families FASD), and only 4%
(1/23) of the interventions (Health Heroes) referred to the
Behavior Change Wheel [78] as the overarching theory for the
COM-B model and the BCTTv1. This was also the only
publication that included supplementary information listing the
BCTs in the intervention. No articles referenced the FBM.

Some interventions were established treatment approaches
adapted for a web-based medium, for example, BraveOnline
[48] and TPOL [70]. Other interventions were novel approaches
designed specifically for the eHealth intervention, such as
Sensory Treat [68] and Health Heroes [60]. Most interventions
(19/23, 83%) used a web-based platform, with 47% (9/19) of
these also including a mobile phone or tablet. The remaining
17% (4/23) of the interventions were stand-alone mobile phone
or tablet apps. The most popular features included in the
interventions were interactive questionnaires and charts (17/23,
74%), followed by instructional videos (14/23, 61%).

Consistent with a focus on parents, all the included eHealth
interventions (23/23, 100%) had the parent as the primary user,
with the child (either the child’s behavior, health, or both) as
the outcome target. The parent interacted directly with the digital
platform, which could be linked to an intervention team, a

preprogrammed intervention package (eg, a digital app), or a
combination (Figure 3). Thus, the active ingredients and
intervention features (ie, BCTs and PSD elements) coded in
this review were those directed toward the parent, whose
behavior change affected their child’s health and behavioral
outcomes. However, multiple relationships could exist in any
one intervention such as targeting the child or other family
members as intervention users. In addition, intervention
descriptions in the publication text were often focused on the
parent-child interaction rather than describing the
human-computer interaction between the digital intervention
and the parent.

The following extract from the scoping review data set illustrates
how this attention to who was being targeted influenced the
coding process. In an eHealth intervention supporting parents
in implementing activity schedules for children with autism
spectrum disorder, the following text was coded:

The training module consisted of the following
components: (a) introduction to activity schedules
and their format, (b) benefits of an activity schedule,
(c) preparing and setting up the learning environment,
( d )  c o n d u c t i n g  a  b r i e f
multiple-stimulus-without-replacement (e)
instructional prompting and prompt fading of an
activity schedule, and (f) data collection and
data-based decision-making [61].

If the child were the target, coding would have captured
techniques and elements such as Prompts and Cues,
Restructuring the Environment, and InformationandProblem
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Solving. However, as the directional relationship was from the
digital intervention to the parent, this extract was coded as the
BCT Instructions on How to Perform a Behaviour and the PSD
element Educational Coaching.

Active Ingredients and Intervention Features: BCTs
and PSD Elements

Overview
The total PSD elements and BCTs coded using NVivo were
analyzed by generating NVivo matrix queries to explore the
patterns of BCT and PSD use visually. Microsoft Excel graphs

were generated from the data. Commonly used codes and
categories of the BCTTv1 and PSDM (density and frequency)
were explored, along with how the use of theory influenced the
active ingredients and intervention features. We referred back
to the original definitions of persuasive design principles [18]
to compare elements and techniques that have been suggested
as appropriate to merge [10, 12]. We found the data coded with
each BCT or PSD element to be conceptually different, and no
BCTs or PSD elements were found to always represent the same
construct. Table 5 provides one example from the dataset
comparing a BCT and PSD element that has previously been
suggested [12] as appropriate to merge.

Table 5. Comparison of the persuasive system design element Tunneling and the behavior change technique (BCT) Instruction on How to Perform a
Behavior.

Coded example from the data setDefinitionLabel

Tunneling •• “Parents received automated feedback regarding
whether their answers were correct or incorrect within
the module. If a question was answered incorrectly, the
parent was required to review the relevant content slides
and answer the question correctly before proceeding to

the next slide.” [ICTb]

PSDMa description: “system should guide users in the at-
titude change process by providing means for action that
brings them closer to the target behavior” [3]

• Fogg description: “giving up a certain level of self-deter-
mination...for users, tunnelling makes it easier to go
through a process [by removing choices]...for designers,
tunnelling controls what the user experiences [providing
a predetermined sequence of events and forced choices]”
[18]

BCT 4.1: instruction
on how to perform a
behavior

•• “...instructional videos show children using asthma

medication and peak-flow devices.” [CHESSc]

“Advise or agree on how to perform the behavior (includes
‘Skills training’)” [41]

aPSDM: Persuasive System Design Model.
bICT: interactive computerized training.
cCHESS: comprehensive health enhancement support system.

Density and Frequency of Active Ingredients and
Intervention Features
Figure 4 shows how many active ingredients and intervention
features were included in an intervention (coding density). A
BCT or PSD element was counted once per intervention even
if it was mentioned in several sections of the publication, in the
supplementary material, or in 2 separate publications on the
same intervention. Similarly, if the BCT or PSD element was
implemented in different ways, it was also only counted once.
For example, if the BCT Feedback on behavior was represented
by a feedback graph and an evaluative email for the same
intervention, it was counted once.

As there are 93 BCTs compared with 32 PSD elements, the
interventions with the highest number of BCTs coded also had
the most active ingredients and intervention features (combined
BCTs and PSD elements) coded in total.

The BCTs most frequently represented were for learning a
behavioral skill, practicing it, and self-monitoring the behavior
and its outcomes; codes were Behavioural Practice and
Instructions on How to Perform a Behaviour, Self-Monitoring
(Behaviour) and Self-Monitoring (Outcomes; 17/23, 74% each),

followed closely by Demonstration of the Behaviour and Action
Planning (16/23, 70% each).

The PSD element most frequently coded was Tailoring the
approach to parents was observed in every intervention (23/23,
100%). Educational Coaching (22/23, 96%), Personalisation
(21/23, 91%), and Suggestion (20/23, 87%) were also highly
represented.

The intervention My Child’s Asthma [65,66] was the only
intervention that was coded for the PSD element goal setting.
In this intervention, parents were supported in setting goals
regarding asthma controller use and other aspects of asthma
care by the system providing a list of suggested goals. Goals
were populated in response to the parents’ previous reports on
adherence, outcome expectations, and self-efficacy. For
example, if parents reported not believing that controllers
worked as the primary reason why they were not using them,
they were presented with information about asthma controller
efficacy. If parents believed that controllers worked but reported
that they could not remember to use them, they were provided
with goals related to remembering to dispense controllers more
consistently.
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Figure 4. Coding density: active ingredients and intervention features coded per intervention. BCT: behavior change technique; CHESS: comprehensive
health enhancement support system; e-ASTER: Electronic Asthma Symptom Tracking and Exacerbation Reduction; eCPP: Electronic Chicago Parent
Program; FASD: fetal alcohol spectrum disorder; HEAL: Healthy Eating and Active Living; ICT: interactive computerized training; ImPACT: Improving
Parents as Communication Teachers; LP: Lidcombe Program; PMT: parent management training; PSD: persuasive system design; TE-HNC:
Technology-Enhanced–Helping the Noncompliant Child; TPOL: Triple P Online; WHAAM: Web Health Application for ADHD Monitoring.

Density and Frequency of Categories
Both the BCTTv1 and PSDM use broader categories (behavior
determinants and design principles, respectively) to group the
BCTs and PSD elements. The BCTTv1 has 16 categories, and
the PSDM has 5. A matrix table was used to count the number
of active ingredients and features coded for each intervention
per category. Table 6 provides an example of the BCTTv1
category Goals and Planning from this matrix table. Each
column shows the number of interventions that included an
active ingredient. Each row shows the number of active
ingredients and features coded per intervention.

Table 6 illustrates how the category Goals and Planning was
frequently represented in the data set, with 91% (21/23) of the
interventions having at least one active ingredient in this
category, although very few of the active ingredients from the
Goals and Planning category were actually coded in the data
set. The table shows that BCTs 1.5 to 1.9 were coded in less
than a quarter of the interventions, with Behavioral Contract

not being coded in any. Therefore, the density of active
ingredients was low, with only 29% of the possible active
ingredients in this domain coded in the full data set.

Figure 5 illustrates the coding frequency and density across all
the BCTTv1 and PSDM domains. A total of 43 BCTs from the
full set of 93 were not coded in the data set. This included all
the BCTs from 2 BCTTv1 categories (Scheduled Consequences
and Covert Learning) that were therefore not represented at all
in the data set. All the PSDM categories were represented by
at least one active ingredient coded in the data set. A total of
94% (30/32) of the PSD elements were coded at least once. The
6% (2/32) of PSD elements that were not coded (Social
Comparison and Recognition) were from the Social Support
category. No category had a complete set of active ingredients
and intervention features within that category coded in the data
set. Task Support was the most densely coded category in the
PSDM (97/161, 60.2%), and Feedback and Monitoring was the
most densely coded category in the BCTTv1 (71/161, 44.1%).
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Coding by category was not representative of the active
ingredients and features used in an intervention. For example,
the BCTTv1 category Repetition and Substitution was the third
most frequently represented BCTTv1 category (20/23, 87%);
however, only 1 BCT (Behavioural Practice) was frequently
coded (17/23, 74%). The only other technique coded from this

category (Graded Tasks) was observed in 13% (3/23) of the
interventions. The remaining 5 active ingredients in the
Repetition and Substitution category were not coded at all in
the data set, making it a high-frequency (19/23, 83%),
low-density (20/161, 12.4%) category. Similar patterns were
observed across the PSDM categories, as shown in Figure 5.
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Table 6. Intervention code mapping table excerpta,b.

Category 1: goals and planningIntervention

Active in-
gredients
or interven-
tion fea-
tures, n

1.9: Com-
mitment, n

1.8: Behav-
ioral con-
tract, n

1.7: Review
outcome
goal, n

1.6: Dis-
crepancy
between
goals and
current be-
havior, n

1.5: Re-
view behav-
ior goal, n

1.4: Action
planning, n

1.3: Goal
setting
(out-
come), n

1.2: Prob-
lem-solv-
ing, n

1.1: Goal
setting
(behav-
ior), n

1000001000ALLapp

4000002234AutismPro

1000001000Boston
Breathes

0000000000BraveOnline

2000001010CHESSc

3000002130CLKonline

0000000000e-ASTERd

3000002041eCPPe

3000002110Enhancing Inter-
actions

1000000020Strongest Fami-

lies FASDf

1000000010TE-HNCg

3000002042HEALh

3300010003Health Heroes

1000000010ICTi

3000001101ImPACTj On-
line

2000001020Internet-LPk

6001121014My Child’s
Asthma

2100001000PMTl

4000004121Sensory Treat

7001213127Time2bHealthy

4000001123TPOLm

2000110000Trec-Lifestyle

40010010301WHAAMn

aDensity: percentage of codes used (number of behavior change techniques [BCTs] coded over 23 interventions × number of BCTs per category; 29%).
bFrequency: percentage of interventions that used a BCT from Goals and planning (21/23, 91%).
cCHESS: comprehensive health enhancement support system.
de-ASTER: Electronic Asthma Symptom Tracking and Exacerbation Reduction.
eeCPP: Electronic Chicago Parent Program.
fFASD: fetal alcohol spectrum disorder.
gTE-HNC: Technology-Enhanced–Helping the Noncompliant Child.
hHEAL: Healthy Eating and Active Living.
iICT: interactive computerized training.
jImPACT: Improving Parents as Communication Teachers.
kLP: Lidcombe Program.
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lPMT: parent management training.
mTPOL: Triple P Online.
nWHAAM: Web Health Application for ADHD Monitoring.

Figure 5. Frequency of category representation in the data set versus density of ingredient and element representation per category. BCTTv1: Behavior
Change Technique Taxonomy version 1; PSDM: Persuasive System Design Model.

Pairing of BCTs and PSD Elements
Next, we examined the overlap or interaction between BCTs
and PSD elements using the BCT-PSD matrix table. An example
of this table is illustrated in Table 7, which is a snapshot of the
full BCT-PSD matrix table. For example, the BCTs goal setting,
action planning, and problem-solving were frequently paired
with PSD elements reduction, suggestions, and educational

coaching. However, we observed that the more times each
ingredient was coded, the greater the “scatter” of the BCT-PSD
pairings. For example, the BCT Instructions on How to Perform
a Behaviour was coded with a PSD element 142 times,
representing 20 different PSD elements. Similarly, the PSD
element Tailoring was paired with a BCT 200 times during the
coding process, and these pairings included 33 different BCTs.
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Table 7. Behavior change technique (BCT)–persuasive system design (PSD) element matrix table snapshota.

PSDMb (primary task support)

Rehearsal,
n

Simulation,
n

self-moni-
toring, n

Personalization,
n

Tailoring,
n

Tunnelling,
n

Reduction,
n

BCTTv1c (goals and planning)

0048121161.1. Goal setting (behavior)

10047041.2. Problem solving

00033161.3. Goal setting (outcome)

30411133161.4. Action planning

00421001.5. Review behavior goals

00111011.6. Discrepancy between current behavior and
goal

00110011.7. Review outcome goals

00002321.9. Commitment

BCTTv1 (feedback and monitoring)

00120102.1. Monitoring of behavior by others without
feedback

00141384122.2. Feedback on behavior

10611113252.3. Self-monitoring of behavior

00613113172.4. Self-monitoring of outcomes of behavior

00151510172.7. Feedback on outcomes of behavior

aBCT: PSD matrix table snapshot: n=number of times each PSD element was paired with each BCT.
bPSDM: Persuasive System Design Model.
cBCTTv1: Behavior Change Technique Taxonomy version 1.

Discussion

Principal Findings

Overview
The aim of this scoping review was to explore how the BCTTv1
and PSDM define parent-focused eHealth individually and in
combination. Active ingredients and intervention features (BCTs
and PSD elements) were coded in a data set of parent-focused
eHealth literature and used to explore how these 2 taxonomies
overlap and interact. The predominant active ingredients and
intervention features found in parent-focused eHealth were
concerned with teaching parents behavioral skills, encouraging
them to practice and monitor the new skills, and tracking the
outcomes of performing the new skills. The 2 taxonomies
conceptually captured different constructs even when their labels
appeared to overlap in meaning. In this section, the importance
of clarifying directional relationships and intended targets before
coding is highlighted first as an essential consideration. Coding
accuracy and the implications of merging or condensing codes
are then discussed, and the design implications for
parent-focused eHealth are explored.

Directional Relationship, Active Ingredients, and
Intervention Features in Parent-Focused eHealth
The focus of the interventions described in the parent-focused
eHealth data set was primarily on the child despite the

intervention’s intention to elicit a desired behavior from the
parent. Parenting behaviors were often poorly defined or merely
implied in the text. The importance of identifying the intended
direction of interaction in a parent-focused intervention to
improve reporting and coding accuracy was apparent in this
scoping review analysis and has been similarly noted in another
recent systematic review of digital behavior change interventions
in children with chronic health conditions [79]. The target of
the human-computer interaction (ie, the directional relationship)
matters in parent-focused eHealth research, where each member
of the triad of parent, child, and intervention participants
interacts differently with the intervention. Therefore, in
parent-focused eHealth, where the intervention targets the parent
to improve child outcomes, careful attention to the directional
relationship of the active ingredient or intervention feature being
described is needed to mitigate errors in coding.

Active Ingredients and Intervention Features Related to
Theories, Models, and Taxonomies
In this scoping review, the number of parent-focused eHealth
interventions that referenced a theoretical basis or model
underpinning their design (14/23, 61%) was similar to that of
other published reviews. On average, approximately half of all
publications in the health behavior change and persuasive
technology literature have an explicit theoretical basis [6,80,81].
Similar to this scoping review, a previous systematic quantitative
content analysis [80] reported that social-cognitive theories
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were referenced most often (7/14. 50%), followed by
self-determination theories (3/14, 21%). Only 13% (3/23) of
the interventions included in this scoping review mentioned
either the PSDM or the BCTTv1 and the COM-B. None
mentioned the FBM. Therefore, there were not enough data for
any conclusions to be drawn on the existing use of these
particular taxonomies in parent-focused eHealth.

Discrepancies in coding clarity and accuracy are a known issue
resulting from the limited space for comprehensive reporting
of the active ingredients and intervention features, ambiguity
in the description of the intervention, or coders’ skill [13,14].
This was highlighted during the coding process with the Health
Heroes intervention [60]. As the only intervention with a
supplementary list of BCTs provided, it enabled us to compare
our retrospective coding with the researchers’ list of BCTs. We
found that some of the active ingredients listed in the
supplementary material were not clearly described in the text,
and our interpretation of the text during our retrospective coding
did not always match the provided list of BCTs. This points to
the importance of having supplementary lists provided by the
intervention designers to improve coding accuracy in research.
However, retrospective coding was still found to be useful as
we identified several BCTs that were not mapped in the
supplementary material. It has been noted that features may
have more than one function that may not have been anticipated
in the original intervention design [60], and the combination of
ingredients and elements may interact in ways that may increase
or decrease the effectiveness of an eHealth intervention [82,83].
Therefore, both prospective and retrospective coding may be
necessary to comprehensively identify intervention ingredients
for clarity and accuracy in reporting and research.

Merging and Simplifying Taxonomies for Coding
Efficiency
Some reviews have simplified the coding of eHealth by using
the categories rather than the BCTs or PSD elements. There are
16 behavioral determinants and 5 design principles as compared
with the 93 BCTs and 32 PSD elements. We found that
categories did not always represent the active ingredients and
intervention features in an intervention well. An intervention
could have many BCTs or PSD elements or only 1 element
representing a category, providing an inaccurate representation
of what ingredients or features actively contributed to an
intervention effect. Coding by category could miss important
active ingredients and intervention features and negatively affect
future research related to adapting or understanding intervention
effectiveness.

Combining elements and techniques in the PSDM and BCTTv1
to create a merged taxonomy has also been noted in the literature
to improve coding efficiency [10,12], for example, merging the
PSDs elements Similarity, Personalisation, and Liking into 1
code or merging the PSD element Tunnelling with the BCT
Instructions on How to Perform a Behavior. Our coding analysis
did not support this approach. No BCTs or PSD elements were
found to always represent the same construct, particularly when
referring back to the original taxonomy definitions [18].

Instructions on using the BCTTv1 [41] specifically caution
against coding based on a name rather than a description. Similar

instructions are missing for the PSDM, which could improve
coding accuracy for researchers, particularly as words commonly
used to describe eHealth features in the text do not necessarily
represent the intended construct represented by that word in the
PSDM. For example, Personalisation and Tailoring are words
used interchangeably but have different definitions in the PSDM.
The following text was coded as Personalisation despite being
described as tailoring:

Portions of the practice assignments are tailored for
each parent using the program in which they can
choose what behaviours and strategies they will
practice with their child—eCPP (electronic Chicago
Parent Program) [54].

This example highlights the need for clear instructions to
standardize retrospective coding using taxonomies. The original
conceptual article for the PSDM [3] only provides short
definitions for PSD elements. Other authors have suggested that
PSD elements be coded only when there is evidence of
human-computer interaction related to the description, for
example, only coding Dialogue Support when the technology
provides a praising message, not when a feedback message from
a care provider contains praise [5]. As we also applied this rule
to our coding, the PSD element Goal setting was only coded
when an interactive activity with the computer assisted in setting
the goal. Only 4% (1/23) of the interventions out of the whole
data set included a PSD element for goal setting (Multimedia
Appendix 2). In comparison, goal setting from the BCTTv1
was coded in nearly half of the interventions (Goal setting
[behavior]: 10/23, 43%; Goal setting [outcome]: 8/23, 35%;
Multimedia Appendix 3).

These findings suggest that taxonomies should not be merged
based on similar labels or assumed constructs. Using goal setting
as an example, the benefits of individualizing goals (BCT) over
preselected goals (PSD) cannot be assumed. The literature points
toward some parents finding it stressful to imagine goals for
their child and preferring preselected goals [84].

We found constructs that appeared similar but used different
labels and codes that used similar labels but represented different
constructs. However, no labels within or between the taxonomies
were consistently coded together. Similar-sounding labels or
constructs represent different user experiences that may support
different outcomes. Coding with broader categories or merging
labels and constructs between BCTTv1 and PSDM taxonomies
may improve efficiency but miss important differences in
researching and understanding the effect of active ingredients
and features in interventions.

Commonly Found Active Ingredients and Intervention
Features in Parent-Focused eHealth
Commonly used ingredients and features do not necessarily
represent the most effective active ingredients and features. In
this scoping review, the most common PSD elements coded
were Tailoring, Personalisation, eCoaching, Suggestion, and
Reduction. Educational Coaching (providing knowledge about
the target behavior) and Suggestion (suggesting that users carry
out the target behavior) were also frequently included. The most
frequent BCTs coded addressed advice and demonstration on
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how to perform a behavior, prompted practice or rehearsal of a
behavior, and monitored and provided feedback on behavior
and action planning. This implies that digital interventions
addressing parent-focused eHealth are tailored toward family
needs and interests, simplifying tasks and individualizing the
intervention. The predominant active ingredients and
intervention features in parent-focused eHealth were concerned
with teaching parents behavioral skills, encouraging them to
practice and monitor the new skills, and tracking the outcomes
of performing the new skills to improve skill and capacity in
parents supporting their children’s health and behavior needs.
In a separate systematic review of health and well-being apps
for behavior change [85], similar BCTs for practice or rehearsal,
self-monitoring, and prompts or reminders were reported as the
most common. Health app users reported positively on the
content and use of these apps [81]. However, there is limited
evidence that they are the most effective in changing health or
behavior [86].

Of the 125 combined BCTs and PSD elements that could have
potentially been coded in the 23 interventions represented in
this scoping review, 40% (50/125) were not represented in the
text (n=48, 38.4% BCTs and n=2, 1.6% PSD elements). The
following BCTs that may be effective in sustaining new
behaviors or developing new habits were not included in any
of the parent-focused eHealth interventions included in this
review: Habit Formation, Valued Self-Identity,
IdentityAssociated with Changed Behaviour, and Focus on Past
Success. Similarly, the PSD elements Social Comparison and
Recognition were not coded in any intervention despite their
potential for effectively persuading behavior change through
social influence. Exploring BCTs and PSD elements that are
less familiar may be helpful for increasing parent-focused
eHealth effectiveness. These less commonly used BCTs and
PSD elements have been used successfully in other apps. For
example, Runkeeper is a health and fitness app where runners
can post their workouts and compare them with those of selected
friends (social comparison), and Fitocracy is a digital health
and fitness app that publishes the names of people who have
achieved fitness milestones on the website’s fan page
(recognition) [87]. Even BCTs that seem negative and
incompatible with parent-focused eHealth, such as the BCTs
Future Punishment and Imaginary Punishment, have been used
effectively in other health apps. In a study looking at decreasing
sedentary time by standing up, researchers found negative
reinforcement to be more persuasive than constantly positive
messaging. Negative reinforcement was described as showing
a warning on the app if the user did not respond to the standing
prompt. “Punishment” was applied using an avatar that became
distressed and progressively more damaged in response to the
user not standing when prompted [88].

Designing interventions based predominantly on what is
commonly found in existing interventions or what people say
they want is a common and common-sense approach to
designing eHealth interventions but may miss important
subconscious and reflexive drivers of sustained health behavior
change. Taxonomies provide a rich catalog of possible BCTs
and persuasive elements that are yet to be explored fully in
parent-focused eHealth. Designing eHealth interventions to

intentionally test BCTs and PSD elements that are less common
and familiar could lead to important insights into the usability
and effectiveness of digital interventions to support parents of
children with chronic health care needs.

Limitations
This scoping review only included English-language
publications from before 2018. The COVID-19 pandemic has
resulted in rapid shifts in web-based therapy provision that may
not be described adequately in this review. However, capturing
a decade of work before the COVID-19 pandemic also provides
a useful baseline for future comparisons of change. In addition,
the objective of this scoping review was to explore the utility
of 2 taxonomies in defining the active ingredients and features
of an intervention. The BCTTv1 and PSDM have not been
updated since 2017. The data from the included articles provided
sufficient information to ascertain the value of using both
taxonomies in their entirety rather than merging or condensing
them, as has occurred in other publications. Retrospective coding
of publications based on taxonomy definitions was noted to be
prone to errors, as has been reported elsewhere [14,89,90].
Similar errors may have occurred during our coding process.
Explanations as to how we interpreted definitions have been
included in the Methods section to increase transparency and
decrease ambiguity where possible.

Comparison With Related Reviews
A total of 3 other scoping reviews related to the scope of this
review have been published previously [91-93]. These
publications did not address the objectives of this scoping review
to map the active ingredients and intervention features in
parent-focused eHealth and explore the use of both taxonomies.
Greffin and Barros [91] investigated health-related parenting
but did not address active ingredients and intervention features
of behavior change and persuasive technology. Bradshaw et al
[92] reviewed behavior change in parent-focused interventions
but did not limit their review to eHealth and did not review
persuasive technology. Asbjørnsen et al [93] looked at both
behavior change and persuasive technology; however, the focus
was on weight loss maintenance in adults. In addition, the
authors used the 16 BCTTv1 categories rather than coding all
93 BCTs.

Conclusions
The 2 taxonomies representing behavior change and persuasive
technology were found to code different constructs, discouraging
merging or reduction. Merging taxonomies may fail to capture
the persuasive ingredients inherent in technology, missing the
unique role of technology in creating bonding relationships with
the end user. Using both taxonomies to code interventions in
this scoping review was useful in providing a comprehensive
description of the active ingredients and features of an eHealth
intervention. However, it is important to note that potential
coding errors may render the accuracy of the description
uncertain. Coding errors may result from limited space for
comprehensive reporting of the active ingredients and
intervention features or from ambiguity in the publications’
description of ingredients, features, behavior targets, and
outcomes.
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Commonly found BCTs and PSD elements did not necessarily
represent the best BCTs or PSD elements to use, with some
potentially impactful codes not being used at all in the
parent-focused eHealth data set. Despite the time-consuming
and cumbersome task of capturing all BCTs and PSD elements,
identifying each of these constructs enables a much richer
description of the ingredients within the interventions as well

as providing opportunities to consider innovative approaches
in future designs. This scoping review highlighted the need for
supplementary material detailing the active ingredients and
intervention features in publications and the benefit of using 2
taxonomies to address both behavior change and persuasive
technology that together influence the experience and behaviors
of the people using the technology.
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PSD: persuasive system design
PSDM: Persuasive System Design Model
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