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Abstract
Self-efficacy is an important determinant of health behaviour. Digital interventions
are a potentially acceptable and cost-effective way of delivering programmes of health
behaviour change at scale. Whether behaviour change interventions work to increase
self-efficacy in this context is unknown. This systematic review and meta-analysis
sought to identify whether automated digital interventions are associated with positive
changes in self-efficacy amongst non-clinical populations for five major health
behaviours, and which BCTs are associated with that change. A systematic literature
search identified 20 studies (n=5624) that assessed changes in self-efficacy and were
included in a random effects meta-analysis. Interventions targeted: healthy eating
(k=4), physical activity (k=9), sexual behaviour (k=3), and smoking (k=4). No
interventions targeting alcohol use were identified. Overall, interventions had a small,
positive effect on self-efficacy (𝑔̅ = 0.190, CI [0.078; 0.303]). The effect of
interventions on self-efficacy did not differ as a function of health behaviour type (Qbetween = 7.3704 p = 0.061, df = 3). Inclusion of the BCT ‘information about social
and environmental consequences’ had a small, negative effect on self-efficacy (∆𝑔̅ = 0.297, Q=7.072, p=0.008). Whilst this review indicates that digital interventions can
be used to change self-efficacy, which techniques work best in this context is not
clear.

Keywords: Self-efficacy, digital, health behaviour, behaviour change
techniques
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Do automated digital health behaviour change interventions have a positive effect on
self-efficacy? A systematic review and meta-analysis
Self-efficacy is defined as ‘people's judgments of their capabilities to organize and
execute courses of action required to attain designated types of performances’
(Bandura, 1986). It is a key construct within several dominant theories within health
psychology including social cognitive theory (Bandura, 1997), protection motivation
theory (Rogers & Prentice-Dunn, 1997), the transtheoretical model (Prochaska &
DiClemente, 1982), and the health action process approach (Schwarzer, 1992). Selfefficacy is conceptualised as being necessary to both motivate and sustain behaviour.
The magnitude and strength of self-efficacy are expected to predict whether an
individual will both attempt a new behaviour and how long they will persist with that
behaviour in the face of obstacles and aversive experiences (Bandura, 1997).
Self-efficacy has been consistently shown to predict the adoption and
maintenance of a number of health behaviours including alcohol use (Cooke, Dahdah,
Norman, & French, 2016), condom use (Sheeran & Taylor, 1999), healthy eating (e.g.
(Burke, Beilin, Cutt, Mansour, & Mori, 2008; Fuemmeler et al., 2006; Langenberg et
al., 2000; Luszczynska, Tryburcy, & Schwarzer, 2007), physical activity (e.g.
(Bauman et al., 2012; Cortis et al., 2017), and smoking (Gwaltney, Metrik, Kahler, &
Shiffman, 2009). Moreover, changing self-efficacy has been shown to lead to
medium-sized changes in behaviour if successfully manipulated (Sheeran et al.,
2016). Given the significance of self-efficacy to the adoption and maintenance of
health behaviours, understanding how best to change it is an important goal of
behavioural science as this knowledge enhances our ability to develop effective health
behaviour change interventions that in turn can reduce the burden of preventable
disease.
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Meta-analysis is one method available to researchers aiming to identify what works to
bring about desired behavioural change (Michie, West, Sheals, & Godinho, 2018).
This approach involves identifying behaviour change interventions of interest,
extracting their effect size and coding their behaviour change methods using a
standardised coding frame, and then using meta-regression or moderation analysis to
examine differences in effect size as a function of whether or not they contain a given
behaviour change method. When embarking on this type of work, researchers must
first decide how to code the different behaviour change methods. In the case of selfefficacy, one option is to code methods based on the four sources of self-efficacy as
outlined in Badura’s Social Cognitive Theory (1977). These four sources include
enactive mastery experience, vicarious experience, verbal persuasion, and
physiological or affective states. Enactive mastery experience is expected to enhance
individuals’ perceptions of self-efﬁcacy through successful performance of the target
behaviour. Vicarious experience is provided when one sees a ‘similar other’
successfully perform the behaviour and appraises their own performance against that.
Verbal persuasion occurs when others express faith in the individual’s capabilities.
Finally, the fourth source of self-efficacy is thought to occur when negative emotional
states are reduced and misinterpretations of bodily states corrected. Whilst coding
interventions according to these four sources is an option, existing intervention coding
frameworks based on Social Cognitive Theory (e.g. Ashford, Edmunds, & French,
2010) are neither widely used nor recognised. Furthermore, as outlined above, selfefficacy is a key concept within several theories of health behaviour. Using a coding
frame based on a single theory therefore risks reducing the potential application and
value of this work.
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An alternative coding framework is Michie and colleagues 93-item taxonomy
of Behaviour Change Techniques (BCTs; Michie et al., 2013). This is a formal and
standardized classification system of labels and definitions for ‘observable, replicable,
and irreducible components of an intervention designed to alter or redirect causal
processes that regulate behaviour’ (Michie et al., 2013). The taxonomy is widely
recognised within the behavioural science community and has been used across a
broad range of behavioural domains to specify intervention content, support
development, and synthesise information across intervention evaluations (see
http://www.bct-taxonomy.com/interventions; last accessed on October 22, 2019 for a
searchable database of over 400 articles reporting interventions coded by BCTs).
Whilst the BCT taxonomy was initially conceived as a tool to enable the
content of behaviour change interventions to be coded (Michie et al., 2013), recent
developments have moved this work forward. Specifically, an expert consensus
exercise has been used to elicit agreement about the processes of behaviour change
(termed ‘mechanisms of action’ or MoAs) through which BCTs operate (Connell et
al., 2018). The closest of these MoAs to self-efficacy is ‘beliefs about capabilities’
defined as ‘beliefs about one’s own ability to successfully carry out a behaviour’
(Connell et al., 2018). BCTs identified as ‘definitely’ having a link with this MoA are
‘graded tasks’ (defined as, ‘set easy-to-perform tasks, making them increasingly
difficult, but achievable, until behaviour is performed’), ‘behavioural
practice/rehearsal’ (defined as, ‘prompt practice or rehearsal of the performance of the
behaviour one or more times in a context or at a time when the performance may not
be necessary, in order to increase habit and skill’), ‘verbal persuasion about
capability’ (defined as, ‘tell the person that they can successfully perform the wanted
behaviour, arguing against self-doubts and asserting that they can and will succeed’),

Accepted for publication in Health Psychology Review, ISSN, 1743-7199. 2019

and ‘problem solving’ (defined as, ‘analyse, or prompt the person to analyse, factors
influencing the behaviour and generate or select strategies that include overcoming
barriers and/or increasing facilitators’). Whilst these BCTs are akin to Bandura’s four
sources of self-efficacy, with ‘behavioural practice/rehearsal’, ‘graded tasks’ and
‘problem solving’ being most closely aligned to the source ‘mastery experiences’, and
‘verbal persuasion about capability’ being most closely aligned to the source ‘verbal
persuasion’, there are BCTs missing from this group which are also analogous. These
include for example, ‘instruction on how to perform behaviour’ (defined as, ‘advise or
agree on how to perform the behaviour’), which might be expected to contribute to
‘mastery experience’; ‘vicarious consequences’ (defined as, ‘prompt observation of
the consequences for others when they perform the behaviour’), which might be
expected to contribute to ‘vicarious experience’; and ‘reduce negative emotions’
(defined as, ‘advise on ways of reducing negative emotions to facilitate performance
of the behaviour’) which might be expected to contribute to ‘physiological or
affective states’. As such, the work of Connell and colleagues (2018) should not be
taken as definitive evidence of which BCTs are linked to which self-efficacy;
additional BCTs not identified by the expert consensus may also be relevant. Thus
whilst the BCT taxonomy provides an established tool with which to reliably code
intervention content, work to isolate which BCTs work best to change self-efficacy
should not begin with a restricted pool based on this consensus work. To do so risks
prematurely discarding BCTs that could make an important contribution to changing
this key determinant of behaviour.
To date, two meta-analyses have sought to identify BCTs associated with
changes in self-efficacy for healthy adult populations: Prestwich and colleagues
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(2014) and Williams and French (2011)2. These reviews focused on self-efficacy for
dietary behaviour and physical activity respectively. In line with the above rationale,
neither review restricted the initial pool of BCTs; the presence of all BCTs listed in
the taxonomy were coded and examined. Prestwich and colleagues (2014) found
increases in dietary self-efficacy to be associated with the inclusion of ‘stress
management’, ‘prompt self-monitoring of behaviour’, ‘provide feedback on
performance’, ‘prompt review of behavioural goals’, ‘provide contingent rewards’,
and ‘plan social support/social change’. ‘Stress management’ (most closely aligned to
‘reduce negative emotions’ in the 93-item taxonomy), as argued by the authors, most
likely helps to address negative ‘physiological or affective states’ which can have the
effect of undermining self-efficacy. ‘Plan social support/social change’ and ‘provide
contingent rewards’ (most closely aligned to ‘social support’ (unspecified, practical or
emotional) and ‘social reward’ respectively in the 93-item taxonomy) may facilitate
access to others who help to persuade the individual that they are able to perform the
behaviour. As such this BCT may contribute to the third source of self-efficacy,
‘verbal persuasion’. All remaining BCTs identified by Prestwich and colleagues
(2014) most likely contribute towards ‘enactive mastery experience’ through,
directing attention to successful performance of the behaviour (‘prompt selfmonitoring of behaviour’ and ‘prompt review of behavioural goals’) and providing
positive feedback (‘provide feedback on performance’).
Williams and French (2011) on the other hand found the BCTs ‘action
planning’, ‘provide instruction’ and ‘reinforcing effort or progress towards behaviour’
to be associated with significantly higher levels of physical activity self-efficacy, and

2

These reviews both used predecessors of the 93-item taxonomy used in the present review. A 26-item
version was used by Prestwich et al. (2014) and a 40-item version used by Williams and French (2011).
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‘relapse prevention’ and ‘setting graded tasks’ to be associated with significantly
lower levels. All BCTs found to be associated with higher levels of self-efficacy in
this review most likely contribute to the first source of self-efficacy, ‘enactive mastery
experience’. Williams and French (2011) suggested that ‘action planning’ and
‘provide instruction’ (most closely aligned to ‘action planning’ and ‘instruction on
how to perform the behaviour’ respectively in the 93-item taxonomy) could support
individuals to develop specific goals thus increasing their self-efficacy as there is less
ambiguity about what they need to do. They also argued that ‘reinforcing effort or
progress’ (aligned to a number of BCTs in the 93-item taxonomy focussed on reward,
namely ‘material reward (behaviour)’, ‘reward (outcome)’, ‘non-specific-reward’,
‘social reward’ and ‘self-reward’) is likely to increase self-efficacy through focussing
individuals on successes and progress towards performing the behaviour. Williams
and French (2011) identified two BCTs which were associated with significantly
lower levels of self-efficacy. They hypothesised that ‘setting graded tasks’ (most
closely aligned to ‘graded tasks’ in the 93-item taxonomy) may have a negative effect
on self-efficacy under circumstances where the difficulty of a task increases before
the mastery at the current level has been achieved. Of note, this finding is contrary to
the findings of the expert consensus study (Connell et al., 2018) where there was
agreement that ‘graded tasks’ was ‘definitely linked’ to self-efficacy. Williams and
French (2011) also suggested that ‘relapse prevention’ (most closely aligned to
‘problem solving’ in the 93-item taxonomy) may undermine self-efficacy by
focussing the individual on potential future problems and barriers to the behaviour.
Regardless of the method selected to identify which BCTs are effective in
bringing about a desired change, methodological rigour is important to maximise what
can be inferred from the data. Meta-analyses used for this purpose have however been
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criticised for being methodologically weak (2015). Peters, de Bruin & Crutzen (2015)
have outlined four key limitations. The first limitation concerns the failure to identify
and examine the effect of BCTs that are present only within the intervention under
examination and not also within the ‘usual’ or ‘standard’ care of the control group. If
the same BCT is present in both conditions then the meta-analysis is not able to
discern the unique effect of that BCT. The second limitation concerns the potential for
interaction between BCTs. In complex behaviour change interventions, BCTs are not
delivered in isolation, they are present in a package along with other BCTs. Metaanalyses however typically overlook this. One way of addressing this is to examine
the potential of BCTs to have enhanced effects when present in clusters using a
statistical technique called Meta-CART (Dusseldorp, van Genugten, van Buuren,
Verheijden, & van Empelen, 2014). The third limitation concerns the failure to
identify whether conditions required for any given BCT to work are in place and then
to model this in the analysis. Conditions (also known as ‘parameters of effectiveness’)
for self-efficacy are clearly demarcated in the work of Bandura (1977). In order to
enhance self-efficacy using ‘vicarious experience’ for example, it is considered
important that individuals are able to identify with the model performing the
behaviour, that the model is seen to ‘struggle’ with the behaviour (as opposed to
mastering it easily), and that the model is seen to be positively reinforced for the
desirable behaviour (Bandura, 1977). Whilst failure to meet criteria such as these in
the implementation of a BCT can seriously undermine their effectiveness, few metaanalyses to date that have attempted to code whether parameters of effectiveness for
included BCTs have been met or to account for this in the analysis. The final
limitation concerns the failure to control for contextual factors such as sample
characteristics (e.g. age, gender), study design (e.g. measurement instruments), and
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study quality indicators (e.g. blinding of study personnel and participants). These
factors limit the confidence with which effects can be ascribed to the BCTs and
should therefore be controlled for, either statistically, or by restricting studies included
in the meta-analysis.
The present meta-analysis responds to the criticisms of previous meta-analyses
by following the guidance provided by Peters and colleagues (2015). Furthermore, it
builds upon the evidence of Prestwich and colleagues (2014) and Williams and
French (2011) by addressing a further factor which has potential to confound the
effect of BCTs: mode of intervention delivery. Modes of intervention delivery
describe the way in which BCTs are delivered. This can be a confounding factor
because BCTs and mode of delivery may interact in important ways such that a BCT
is only effective (or indeed is ineffective) when delivered using a specific mode.
Whilst the reviews reported by Prestwich and colleagues (2014) and Williams and
French (2011) have contributed to knowledge about which BCTs work best to
increase self-efficacy, it is not possible to discern the effect that mode of intervention
delivery may have had on BCT effectiveness. Whilst a small number of meta-analyses
have examined the effect of BCTs on health behaviour when delivered via a specific
mode (van Genugten, Dusseldorp, Webb, & van Empelen, 2016), to date none have
attempted to do so for a theoretical mediator of health behaviour, including selfefficacy.
The present meta-analysis controls for the potential confounding effect of
mode of intervention delivery by restricting included interventions to one type: those
delivered by automated digital methods. Since the turn of the century, there has been a
rapid increase in research focussed on the development and evaluation of
interventions delivered via digital methods (Murray et al., 2016; Proudfoot et al.,
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2011; Ritterband & Tate, 2009). Digital interventions are attractive for several
reasons. They have the potential to be cost-effective, as once established ongoing
costs can be relatively low, particularly if content is fully automated. Digital
interventions also allow users to access content anonymously, repeatedly, and at
convenient times. Furthermore, potential reach is high. In the United Kingdom for
example, 80% of those aged over 15 years report accessing the internet daily (Office
for National Statistics, 2017). Given the evident growth in this field, intervention
developers require at their disposal, knowledge of which BCTs work best in this
context to increase important behavioural determinants.
The aim of the present meta-analysis is thus to examine the overall effect of
automated digital behaviour change interventions on self-efficacy and further, to
identify which BCTs are associated with that effect. In order to ensure a sufficiently
large pool of available studies examining the effect of automated digital interventions,
the review is not limited to a single behavioural domain. Instead studies targeting
change in one of five health behaviours are included, namely, alcohol use, healthy
eating, physical activity, sexual behaviour, and smoking. These behaviours have been
selected as they are leading causes of morbidity and mortality. According to a review
of epidemiological, clinical, and laboratory studies linking risk factors and mortality
in the USA, these behaviours together are responsible for an estimated 39% of total
deaths (Mokdad, Marks, Stroup, & Gerberding, 2004). Arming intervention
developers with evidence concerning how best to successfully enhance self-efficacy
for these behaviours is therefore of importance as part of efforts to tackle major public
health priorities. The review focuses on the adult non-clinical population so that
conclusions can be made about which BCTs work best for the delivery of public
health interventions aimed at the general population. This is necessary as evidence
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indicates that BCTs are not uniformly effective in increasing self-efficacy for clinical
and non-clinical populations (Olander et al., 2013). Furthermore, in line with the
arguments presented above, interventions are coded in line with the full 93-item BCT
taxonomy, rather than a sub-set based on a priori hypotheses, to avoid missing any
potentially important relationships.
Research questions
In summary, the present systematic review and meta-analysis addresses four research
questions: (i) What is the overall effect of automated digital behaviour change
interventions on self-efficacy? (ii) Does the overall effect of automated digital
behaviour change interventions on self-efficacy vary as a function of the behaviour
being addressed? (iii) Which BCTs have an effect on self-efficacy when delivered via
automated digital interventions? (iv) Are there are any BCTs which in combination
amplify (or attenuate) the effect on self-efficacy when delivered via automated digital
interventions?
Method
This systematic review was conducted in accordance with the protocol
(CRD42017055855) published on the International Prospective Register of
Systematic Reviews (PROSPERO) http://www.crd.york.ac.uk/PROSPERO, and is
reported in accordance with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA; Moher, Liberati, Tetzlaff, & Altman, 2009), and the MetaAnalysis Reporting Methods (MARS; APA Publications and Communications Board
Working Group on Journal Article Reporting Standards, 2008).
Eligibility Criteria
To be included in the review, studies had to fulfil the following criteria:
1. To be published in the English language
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2. To recruit a sample of adults (aged 18 years or older) from the general
population (non-clinical). Studies reporting interventions aimed specifically at
clinical populations, that is, those with a pre-existing medical condition (e.g.
COPD, HIV, diabetes) or those identified as obese (≥BMI 30) or alcoholic,
were excluded. Studies reporting interventions targeting pregnant women or
students exclusively (as defined by the authors of the individual studies) were
also excluded as findings were thought to have limited generalisability beyond
those specific populations
3. To provide a description of a digital intervention that attempted to have a
positive impact on self-efficacy for one of the following five health
behaviours: alcohol use, healthy eating, physical activity, sexual behaviour, or
smoking. Interventions were considered to have attempted to have had a
positive impact on self-efficacy if self-efficacy was included as an outcome
variable. Digital interventions were required to be fully automated, that is
involve no human contact between the deliverer and the recipient. This is
because it was hypothesised that a method of delivery (e.g. Instant Message)
was likely to be differentially effective according to whether it was delivered
by a person (able to adapt messages according to the perceived
need/understanding of the recipient) or by a computer
4. The comparator had to be no treatment or usual care
5. To report statistical information (e.g. mean, standard deviation and sample size
for both control and intervention groups) required to calculate an effect size
for changes in self-efficacy following the intervention, or for study authors to
make this information available on request
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6. To test the intervention using either a randomised controlled trial or quasirandomised controlled trial. This criterion was included as controlled trials
provide the most valid and reliable evidence concerning the effectiveness of
interventions
Search Strategy
Peer-reviewed publications were searched for using the following databases:
CINAHL, Medline, PsycINFO, Scopus (including Science Direct) and Web of
Science. Full search terms can be found in the online supplemental materials (see
supplemental material 1). No date restrictions or limitations on country of study were
set. Last searches were completed in April 2018. Reference sections of included
papers were examined to identify any relevant studies that were not identified by the
initial search. Forward citation searches were also conducted on included papers and
additionally on existing relevant systematic reviews/meta-analyses for the same
purpose. The latter were identified using the same procedure outlined above except
that the study design filter was set as follows: review OR meta-analysis. Authors of
the present review assessed the list of systematic reviews/meta-analyses for
completeness and three additional papers were added. The final list is presented in
supplemental material 2.
To identify unpublished studies, the EThOS database was used to search for
relevant PhD theses using the search terms ‘digital’ and ‘self-efficacy’. Furthermore,
requests were distributed electronically via affiliated groups (namely the European
Association of Social Psychology, European Health Psychology Society, Midlands
Health Psychology Network, Social, Personality and Health Network and Society for
Personality and Social Psychology) asking members if they were aware of any
unpublished papers meeting the eligibility criteria.
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Screening
Titles of papers identified from database searches were initially split into eight groups
and each group screened independently by one of the following authors: [initials of
eight individuals blinded]. Following this initial screening, included papers were dual
screened by abstract. This time papers were split into six groups and screened by
either [initials of six individuals blinded]. The second screener for each group was
either [initials of two individuals blinded]. A third stage of screening was undertaken
using the full text of all studies that had not yet been excluded. This followed the
same dual screening procedure as used for the abstract screening stage. At both the
abstract and full-text screening stages, any discrepancies were resolved by discussion
and a consensus reached on included studies. If a consensus was not achieved, the
query was resolved by assistance from a third author. This process led to a sample of
studies which met all eligibility criteria. Finally, studies that contained insufficient
statistical information to enable an effect size to be calculated were identified. For
these papers, attempts were made to contact authors to request data. If this was
unsuccessful then the study was excluded. The screening process is described in
Figure 1 below.
Figure 1 here.
Extraction and Coding
A data extraction sheet was developed, pilot tested on five randomly selected studies,
and refined accordingly (see supplemental material 3 for finalised version). Data was
then extracted/coded from included studies as follows.
Self-efficacy. Data to allow for the calculation of effect sizes for self-efficacy
were extracted. Given that a primary focus of the analysis was on identifying the most
effective techniques to promote self-efficacy, the first measure of self-efficacy taken
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following delivery of the complete intervention was used for studies with multiple
follow-up measures. Where there was more than one intervention condition reported
for a study, information was extracted for each to enable effect sizes to be calculated
for each comparison. Where data was provided for more than one measure of selfefficacy, information was extracted for each measure to enable an average effect size
to be calculated.
Study and sample characteristics. The following study characteristics were
coded: health behaviour (alcohol use, healthy eating, physical activity, sexual
behaviour, smoking), study design (RCT or quasi-RCT), measure of self-efficacy
(single-item or composite), income level of the country in which the study was
conducted (low, medium, high), and quality of intervention development (a score of
one was assigned for each of the following and summed to create a maximum score of
three: theory-based, developed using a systematic approach, and co-designed with the
target population. Criteria and scoring methods devised by the team). For sample
characteristics, the percentage of women, and the group that the mean age of
participants fell into (categorised as 18-24 years, 25-34 years, 35-64 years, and 65+
years), were coded.
BCTs. Authors of all included studies were contacted and asked to provide
any materials that may contain further intervention description (e.g. an intervention
manual, intervention materials, ethics application). This was to enable, as far as
possible, the full range of BCTs to be captured. Coding of BCTs within interventions
was completed using the 93-item Behaviour Change Technique Taxonomy v1
(Michie et al., 2013). Both intervention and control group conditions were coded. In
line with guidance from Peters and colleagues (2015), BCTs that were present in both
conditions were removed to ensure that only unique intervention content was isolated.
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Dual coding was performed by [initials of four individuals blinded], all of whom had
received formal training on BCT coding. Any disagreements were discussed, and a
consensus was reached where required.
BCT parameters of effectiveness. In line with guidance by Peters and
colleagues (2015), researchers planned to make an assessment of whether parameters
of effectiveness had been met for all BCTs identified as having a significant effect on
self-efficacy (fully met, partially met or unclear). Of BCTs identified as having a
significant effect on self-efficacy, the frequency with which they were coded within
interventions was too low to enable the effect of this factor to be modelled.
Parameters of efficacy were therefore neither coded nor assessed within the present
review.
Practical applications used to deliver BCTs. ‘Practical applications’
describe the ways in which theoretical methods of behaviour change such as BCTs are
translated into practical intervention elements (Bartholomew, Parcel, Kok, Gottlieb, &
Fernandez, 2016). To illustrate, examples of practical strategies for the BCT
‘Demonstration of the behaviour’ could include a video demo of how to prepare a
healthy meal or pictures providing step-by-step guidance on correct condom
application. Practical applications were additionally extracted by [initials of one
individual blinded] for interventions described within each included study. Agreement
with these was checked by [initials of one individual blinded]. Minor changes were
made following consensus discussion. Whilst the coding of practical applications was
not originally specified within the review protocol (CRD42017055855), it was agreed
that examples of how intervention developers had translated BCTs into digital
intervention content would be of additional interest and value.
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BCT dose. It was not possible to conduct the per protocol
(CRD42017055855) coding of BCT dose. The team planned to assess dose by
counting the number of times each unique BCT was delivered by an intervention.
However, due to limited intervention descriptions provided within the papers of
included studies it was not possible to reliably assess this.
Assessment of Bias
The Cochrane Risk of Bias Tool was used to assess the ‘risk that studies will
overestimate or underestimate the true intervention effect in their results’ (Higgins &
Green, 2011). Two researchers ([initials blinded]) independently assessed risk of bias
in each trial according to: adequacy of sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment, incomplete
outcome data, and selective reporting. Any disagreements in scoring were discussed
until a consensus was reached. Risk of bias was classified in each study as low (all
criteria graded low), moderate (one criterion graded high or two criteria graded
unclear), or high (two or more criteria graded high or more than two graded unclear)
(Bridle, Spanjers, Patel, Atherton, & Lamb, 2012).
Statistical Methods
Please see https://osf.io/vf52h/ for the raw data file used in all analyses.
Comprehensive Meta-Analysis (CMA) version 3 (Biostat, version 3, 2014) was used
to calculate effect sizes using means and standard deviations for the intervention and
control groups at pre-test and post-test. If pre- and post-test correlations were not
reported, a correlation of 0.5 was assumed between baseline and post-test (van
Genugten, Dusseldorp, Massey, & van Empelen, 2017). All effect sizes were
expressed as Hedges’𝑔̅ , an estimate of Cohen’s d that corrects for the bias introduced
by studies with a small sample size (van Genugten et al., 2017). As such, it can be
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interpreted using the same rule of thumb (Cohen, 1992). To estimate the pooled effect
size a random effects model was used. This model was used as it allows for some
variation in true effect sizes and as such takes into account possible differences
between the studies, for example, in the mix of participants or in the implementation
of the intervention (Borenstein, Hedges, Higgins, & Rothstein, 2009). The amount of
heterogeneity between studies was assessed using the I2 statistic. Evidence of
publication bias, was assessed using Funnel Plots, the Begg’s rank correlation test
(Begg & Mazumdar, 1994) and the Egger’s regression test (Egger, Smith, Schneider,
& Minder, 1997).
A pooled and weighted Hedges’𝑔̅ for self-efficacy was first calculated for all
included studies using the software. This analysis addressed the first aim of the study:
to examine the overall effect of digital behaviour change interventions on selfefficacy.
Moderator analyses.
Analysis of behaviour type. To establish whether self-efficacy varied as a
function of the targeted health behaviour, a moderation analysis was performed. This
addressed the second aim of the review.
Analysis of BCTs. To address the third aim, moderation analysis was used to
identify which BCTs had statistically significant effects on self-efficacy. BCTs
included in three or more comparisons were examined. This cut-off point was selected
as fewer comparisons would likely produce unreliable results. The use of three
comparisons has been demonstrated as sufficient to assess heterogeneity (Borenstein
et al., 2009). Subsequently, a special type of moderation analysis called Meta-CART
was performed to address the fourth aim of the review: to identify whether any BCTs
in combination amplified or attenuated the effect on self-efficacy. Meta-CART
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integrates classification and regression trees (Breiman, 1983) into the field of metaanalysis. It was first proposed in the re-analysis of data from Michie et al. (2009) by
Dusseldorp et al. (2014) to analyse the effectiveness of combinations of BCTs. Its
performance in identifying interaction effects was evaluated by Li et al. (2017). In the
present study, to take residual heterogeneity unexplained by the BCTs into account, a
random effects meta-CART with one-standard-error pruning rule was used (Li et al.,
2017).
Gender. Meta-regression was used to test the effect of the proportion of
women in the sample as a moderator of the effect size for self-efficacy. Metaregression was chosen to examine the effect of gender as in the majority of papers
data was presented as the percentage of males and/or females.
Risk of bias. A sensitivity analysis was conducted, entering the risk of bias
classifications, to examine whether the effect on self-efficacy was robust once studies
with a high risk of bias were removed.
It was not possible to conduct the following per protocol (CRD42017055855)
moderation analyses due to insufficient variability in the relevant study variables:
conformity to BCT parameters of effectiveness, study design, age group of study
participants, measurement of self-efficacy, income of study country, and quality of
intervention development.
Results
Of 7,648 potential studies initially identified (after duplicates were removed), twenty
four satisfied the eligibility criteria. Four studies were removed as they contained
insufficient statistical information to enable study effect sizes to be calculated (Buller
et al., 2009; Kelders, van Gemert-Pijnen, J. E. W. C, Werkman, & Seydel, 2010;
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Swartz, Noell, Schroeder, & Ary, 2006; Uechi & Tan, 2015) leaving twenty studies in
total (n=5624). The twenty included studies are listed in supplemental material 4.
Study characteristics
Characteristics of each of the studies included in the meta-analysis can be found in the
online supplemental materials (supplemental material 5). All studies were randomised
controlled trials. In two of the studies (Brown, 2016; Prestwich et al., 2017), two
different interventions were compared to a control. The present review therefore
includes twenty studies representing twenty-two different interventions. Fourteen of
the twenty studies recruited both male and female participants, five recruited a female
only sample, and one recruited a male only sample. For fifteen of the studies, the
mean age of participants fell into the 35-64 years age bracket. For three studies, this
fell into the 25-34 years age bracket. For one study, the mean age fell into the 18-24
year old bracket. One further study (Anderson, Winett, Wojcik, Winett, & Bowden,
2001) did not provide a mean age but reported that all participants were aged 18 years
or older. Additional summary characteristics are presented in Table 1.
Table 1 here
In total, thirty nine unique BCTs were coded across the twenty-two interventions
included in the meta-analysis (see supplemental material 6). The most common BCTs
coded were ‘goal setting (behaviour)’ and ‘instruction on how to perform the
behaviour’, both coded in eleven of the interventions. Other common BCTs included
‘self-monitoring of behaviour’, ‘problem solving’, ‘action planning’ and ‘information
about health consequences’. Two studies had no unique BCTs in the intervention
condition compared to the control condition (Hageman & Pullen, 2005; Powell et al.,
2016). Supplemental material 7 presents modes of intervention delivery, BCTs and
practical applications coded for each intervention included in the meta-analysis.
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What is the overall effect of digital behaviour change interventions on selfefficacy?
Overall, study interventions were successful at increasing self-efficacy, with a small,
significant and positive effect size (𝑔̅ = 0.190, CI [0.078; 0.303]). Figure 2 presents
the forest plot and the effect sizes and confidence intervals for each study included in
the analysis. The I² statistic was calculated to be 69.8% and the Q-test for
heterogeneity was significant (Q=69.556, df=21, p<0.001) indicating substantial
heterogeneity between studies in terms of their true effect on self-efficacy.
Figure 2 about here
Examination of the funnel plot for self-efficacy and Begg’s test (p = 0.223).
identified no evidence of publication bias. Publication bias was however indicated by
Egger’s test (p = 0.018).
Does the overall effect size vary as a function of the behaviour being addressed?
The effect of interventions on self-efficacy did not differ as a function of health
behaviour type (Q-between = 7.374 p = 0.061, df = 3). A forest plot showing subgroup effects is presented in supplemental material 8.
Which BCTs have an effect on self-efficacy?
Of the thirty nine unique BCTs coded across studies included in the meta-analysis,
seventeen were present three or more times within an intervention. The effect on selfefficacy of each of these seventeen BCTs was examined using moderator analysis.
‘Information about social and environmental consequences’ had a small negative
effect on self-efficacy (∆𝑔̅ = -0.297, Q=7.072, p=0.008). Interventions that included
the BCT ‘information about social and environmental consequences’ had a lower
effect size (𝑔̅ = -0.029, CI [-0.222; 0.164]) than the interventions without this BCT
(𝑔̅ = 0.268, CI [0.165; 0.372]). No other BCTs had a significant effect on self-efficacy.
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Do any BCTs in combination amplify (or attenuate) the effect on self-efficacy?
Random effects meta-CART was used to examine interaction effects between the
fifteen BCTs. No interaction effects were detected.
Risk of Bias
Of the 20 included studies, one had a low risk of bias (Keller, Motter, Motter, &
Schwarzer, 2018), seven had a moderate risk of bias (Anderson et al., 2001; Bowen,
Horvath, & Williams, 2007; Dadaczynski, Schiemann, & Backhaus, 2017; Irvine et
al., 2011; Muller, Khoo, & Morris, 2016; Powell et al., 2016; Prestwich et al., 2017),
and twelve had a high risk of bias. Plots of the risk of bias assessment by domain and
by study can be found in the online supplemental material (supplemental material 9).
The domain contributing most frequently to a high risk of bias rating was ‘selective
reporting’. This domain was most frequently coded as a result of trial protocols stating
planned analyses being either absent or unavailable. Other domains frequently
contributing high ratings included ‘random sequence generation’ and ‘allocation
concealment’. Following removal of studies presenting a high risk of bias, the effect
on self-efficacy remained significant (𝑔̅ = 0.211, CI [0.092; 0.329].
Additional moderator analysis
The effect of interventions on self-efficacy decreased as the proportion of women
included in the sample increased (𝑔̅ = -0.004, CI [-0.0085; -0.0004].
Discussion
Principal findings
The present study found that automated digital health behaviour change interventions
have a small, significant, positive effect on self-efficacy. The effect of the
interventions on self-efficacy did not vary as a function of the behaviour being
addressed. Thirty nine BCTs in total were coded across the interventions. Including
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the BCT ‘information about social and environmental consequences’ in digital
interventions led to a small significant reduction in self-efficacy. No interaction
effects were detected between any of the included BCTs. There was a significant
effect of gender such that as the proportion of women increased, the effect of
interventions on self-efficacy decreased. There were insufficient studies to conduct
additional planned analyses.
Implications of findings
The present review provides a unique insight into the effect of automated digital
behaviour change interventions on self-efficacy. Whilst the overall effect on selfefficacy was small, this is commensurate with existing reviews examining the effect
on self-efficacy in which the type of intervention delivery was unrestricted (Prestwich
et al., 2014; Williams & French, 2011). Given the potential for participants’ preintervention levels of self-efficacy to be over-optimistic (McAuley, Jerome, Marquez,
Elavsky, & Blissmer, 2003) this finding is therefore encouraging, indicating that
automated digital interventions can be used to increase this important determinant of
health behaviour.
Analysis by behaviour was performed to examine the effect of digital
interventions on self-efficacy within each behavioural domain. Firstly, it should be
noted that the review did not identify any studies that tested the effect of interventions
targeting alcohol use. Two explanations for this are that (1) target samples for alcohol
interventions typically include either university students (Cameron et al., 2015; Epton
et al., 2014) or treatment seeking individuals (Suffoletto, Callaway, Kristan, Kraemer,
& Clark, 2012) and therefore would not have met the eligibility criteria for the present
review, and (2) within the alcohol literature there is a greater use of perceived
behavioural control (Ajzen, 1991) as opposed to the conceptually similar term of self-
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efficacy (Cooke et al., 2016). For the remaining behaviours, namely healthy eating,
physical activity, sexual behaviour, and smoking, the effect of interventions on selfefficacy was equivalent. This indicates that automated digital interventions can be
used to successfully increase self-efficacy for healthy eating, physical activity, sexual
behaviour, and smoking.
With regards to ‘information about social and environmental consequences’,
the present review found inclusion of this BCT within interventions to lower selfefficacy. This BCT was included in analyses conducted by both Prestwich and
colleagues (2014) and Williams and French (2011) but neither found it to have an
effect on self-efficacy3. Why inclusion of this BCT should have a negative impact on
self-efficacy is unclear. A recent exercise which aimed to elicit expert consensus on
links between BCTs and mechanisms of action (MoAs) (Connell et al., 2018), found
agreement that ‘information on social and environmental consequences’ ‘definitely
did not link’ to ‘beliefs about capability’ (the MoA most closely aligned to selfefficacy). Instead, this BCT was judged as ‘definitely’ being linked to ‘beliefs about
consequences’, a MoA akin to the psychological construct of ‘risk appraisal’.
This finding is also at odds with theory. A number of theories of health
behaviour identify risk appraisal as a primary motivator of protective action.
According to Protection Motivation Theory (Rogers & Prentice-Dunn, 1997) for
example, people will be motivated to perform a protective behaviour providing their
risk and efficacy appraisals are sufficiently high. Risk appraisal is typically
operationalised as judgements about the likelihood and severity of a threat, whilst
efficacy appraisal as the perceived effectiveness of an action in removing that threat

3

These reviews both used predecessors of the 93-item taxonomy used in the present review. The 26item version used by Prestwich et al. (2014) labelled this BCT as ‘provide information on
consequences’, whereas the 40-item version used by Williams and French (2011) labelled it as ‘provide
information on the consequences of behaviour in general’.
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(response efficacy), along with perceived ability to perform that action (self-efficacy).
This theory posits an interaction between risk and efficacy, such that an effect of risk
on behaviour is expected only under conditions where efficacy is high or
simultaneously increased. However, whilst efficacy appraisals may modify the effect
of risk on behaviour, changes in risk are not expected to modify the effect of efficacy
on behaviour.
With two exceptions (‘setting graded tasks’ and ‘prompt review of behavioural
goals’), all of the BCTs identified as having an effect on self-efficacy in the reviews
by either Prestwich and colleagues (2014) or Williams and French (2011) were
included in the moderation analysis conducted within the present review. None of
these BCTs were however found to have an effect on self-efficacy. Across the three
reviews there is therefore no consensus on which BCTs have a positive or deleterious
effect on self-efficacy or therefore on which should be used (or avoided) by
intervention developers.
The expert consensus exercise (Connell et al., 2018) identified four BCTs that
‘definitely’ had a link with the MoA ‘beliefs about capability’, namely ‘graded tasks’,
‘behavioural practice/rehearsal’, ‘verbal persuasion about capability’ and ‘problem
solving’. A further four showed a trend towards agreement, namely ‘instruction on
how to perform behaviour’, ‘feedback on outcome(s) of behaviour’, ‘generalisation of
target behaviour’ and ‘self-monitoring of outcome(s) of behaviour’. Of these eight
BCTs, only three were coded in the present review with sufficient frequency to enable
moderation analysis to be performed: ‘verbal persuasion about capability’ (coded four
times), ‘instruction on how to perform behaviour’ (coded eleven times), and ‘problem
solving’ (coded nine times). All other BCTs were either absent or coded just once.
Neither of these three BCTs were however found to have a positive effect on self-
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efficacy, indeed no effect was observed. Given that BCTs which might be expected to
be included to increase self-efficacy were coded with such low frequency across the
review, and that those that were included had no effect, it should be considered
whether the automated digital nature of the interventions may have precluded their
optimal implementation or their use altogether.
Whilst digital interventions provide significant opportunities to interact with
intervention recipients in new ways, it should be recognised that this mode of delivery
may restrict the translation of some BCTs into practical strategies. Digital delivery,
especially when fully automated, removes the potential for human interaction between
the intervention deliverer and recipient. For some BCTs, a level of human interaction
is implied in the definition. The BCT, ‘verbal persuasion about capability’ for
example, states ‘tell the person that they can perform the wanted behaviour, arguing
against self-doubts and asserting that they can and will succeed’. Other BCTs, whilst
not requiring human interaction per se, would arguably be enhanced by it. For the
BCT ‘instruction on how to perform the behaviour’, for example, whilst this can be
delivered via film or images as an alternative to face-to-face, this mode of delivery
provides no opportunity for recipients to ask questions or for the explanation to be
adapted according to recipients’ level of understanding or need. Similarly for the BCT
‘problem solving’, input from a third person would likely enable a deeper level of
insight into factors influencing behaviour and for a broader range of strategies to
overcome barriers to be identified. These three BCTs were included in the moderation
analysis for the present review but none were found to have an effect on self-efficacy.
In line with the review protocol, parameters of effectiveness were only coded
for BCTs found to have an effect on self-efficacy. This was to enable the effect of
meeting these parameters (or otherwise) to be modelled. However, it would have been
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informative to code whether parameters of effectiveness had been met for all BCTs
included in the moderation analysis. For the BCTs ‘verbal persuasion about
capability’ for example, a suitable parameter would be that ‘arguments are presented
in response to self-doubt’. Such coding would enable tentative conclusions to be
drawn about whether a failure to implement a BCT in line with its parameters of
effectiveness may have contributed towards the absence of an effect. At present there
is no consensus on ‘parameters of effect’ for BCTs. Developing such a consensus
would be a worthwhile activity. Not only would it enable this important moderating
factor to be examined as part of reviews attempting to isolate effective BCTs, it would
also enhance the fidelity with which BCTs are translated into intervention content.
As well as automated digital systems presenting challenges for optimal
delivery, it may also be the case that this context deters the use of some BCTs
altogether. As described above, there were five BCTs in the present review that,
whilst identified by the consensus exercise as linked to self-efficacy, were present in
too low a frequency to be included in the moderation analysis. Each of these, to a
varying extent, would require a level of digital sophistication if they were to be
delivered by an automated intervention. The BCT ‘graded tasks’ for example, requires
intervention recipients to be ‘set increasingly difficult, but achievable tasks until the
behaviour is performed’. This implies that the intervention deliverer, a) has a
benchmark for the recipient’s behaviour, b) is able to gauge what would be an ‘easy to
perform’ task for that individual, and c) what increase in difficulty would render the
task challenging but still within reach. Once again, this infers a degree of human
interaction between intervention deliver and recipient. The advent of Artificial
Intelligence (AI) however presents new possibilities to deliver this type of BCT. AI is
an area of computer science involving the development of ‘intelligent’ systems that
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work and react like humans. Taking the above example, it would be possible to create
an AI system that sought information from the recipient about current and historical
levels of the targeted behaviour, and then using an algorithm, present them with
sequential graded tasks. This algorithm could additionally factor in information about
the typical rate and/or level of behaviour previously achieved by users. This would
help to mitigate the risk of unrealistically high goals being set which has been shown
to have a negative impact on subsequent performance (Brusso & Orvis, 2013), most
likely due to it deleterious effect on levels of self-efficacy (Bandura, 1977). Given that
individuals’ overestimation of their ability to perform a task is a key barrier to
effective goal setting (Mabe & West, 1982; Sitzmann, Ely, Brown, & Bauer, 2010),
an AI system which is able to factor in information about goal achievement from its
ever-growing database may even have an advantage over human agents in setting
realistic goals.
Strengths and limitations
This was a methodologically rigorous review conducted in accordance with the
PRISMA guidelines and guidance provided by Peters and colleagues (2015). It is the
first meta-analysis to identify the effectiveness of digitally delivered BCTs in
changing self-efficacy, and adds more broadly to the growing body of evidence about
which techniques work to change this important determinant of behaviour. The
findings will be of practical value to interventionists seeking to develop automated
digital interventions. It has isolated a technique that decreases self-efficacy in this
context which should therefore be used with caution. Nonetheless, the results should
be considered in light of their limitations. At the study level, these include the
inadequate reporting of methods and intervention content. The quality of RCTs and
their reporting could be improved through adherence to CONSORT guidelines
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(Moher, Schulz, & Altman, 2001) and e-health CONSORT guidelines (Eysenbach,
2013). At the review level, limitations included between-study heterogeneity, the
small number of studies within behavioural sub-groups, and the low incidence of
some BCTs which restricted the performance of planned moderation analyses and
reduces confidence in some estimates of effect size.
As cautioned by Peters and colleagues (2015), findings arising from this type
of review should not be taken as definitive evidence of which BCTs do and don’t
work to change self-efficacy. To determine this, it is necessary to run controlled
experiments that manipulate the presence of single BCTs and their parameters of
effectiveness. This could include for example, studying the effect on self-efficacy of
manipulating the presence of the BCT ‘information about social and environmental
consequences’. It is this further experimental work that is essential to building a
robust evidence base for our toolbox of behaviour change techniques. The present
review is an important starting point, generating hypotheses about which BCTs may
be having an unfavourable effect on self-efficacy when delivered using digital
automated interventions. Once tested, they can be used to provide definitive evidence
about what works in this context. This is essential information for the development of
future digital health behaviour change interventions urgently needed to reduce the
burden of preventable disease.
Conclusion
The present review provides evidence that automated digital interventions can be used
to increase self-efficacy, an important determinant of behaviour. This is the case for
four health behaviours, namely healthy eating, physical activity, sexual behaviour,
and smoking. The results have however provided little direction to intervention
developers in terms of which BCTs should be used or avoid. The anomalous finding
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that the BCT ‘information about social and environmental consequences’ reduced the
effect of interventions on self-efficacy, along with the lack of consensus across
reviews with regards to which BCTs work to increase self-efficacy, implies caution in
the continued use of meta-analytic evidence to isolate BCTs for targeting particular
behavioural determinants. A more preferable approach would be to change direction,
and instead to begin building our science from the ‘bottom-up’, using controlled
experiments in which single BCTs are manipulated. It is this type of experiment, and
indeed meta-analyses of their findings, that would provide the much needed and
conclusive evidence about which BCTs work to change determinants of health
behaviour.
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Mode of Delivery:

Classify according to the Mode of Delivery of
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1

The MoDTv0 has four major categories (human, printed material, digital and somatic) and within
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level one categories there are between zero and seven level two categories. Within the level one
category ‘phone’ for example, there are the following level two categories: email, website, video
game, podcast, social media, app, automated text message. In the present study, modes of delivery
were categorised down to the sub-level two.
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Supplemental material 6: Incidence of BCTs across interventions along with associated dose

BCT
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across interventions
Low

Medium

High

11

3

1

7

(behaviour)
1.2

Problem solving

9

3

3

3

1.4

Action planning

5

3

0

2

1.5

Review

2

1

0

1

2

0

0

2

Behavioural
Goal
1.6

Discrepancy
between current
behaviour and
goal

1.9

Commitment

1

0

0

1

2.1

Monitoring of

3

1

0

2

5

2

0

3

Behaviour by
others Without
Feedback
2.2

Feedback on

Accepted for publication in Health Psychology Review, ISSN, 1743-7199. 2019

Behaviour
2.3

Self-monitoring

9

3

1

5

1

1

0

0

2

2

0

0

3

1

0

2

11

3

3

5

3

2

1

0

5

3

0

2

1

1

0

0

4

4

0

0

of behaviour
2.4

Self-Monitoring
of outcome of
behaviour

2.7

Feedback on
outcome(s) of
Behaviour

3.1

Social Support
(unspecified)

4.1

Instruction on
How to Perform
Behaviour

4.2

Information
about
antecedents

5.1

Information
about Health
Consequences

5.2

Salience of
consequences

5.3

Information

Accepted for publication in Health Psychology Review, ISSN, 1743-7199. 2019

about Social and
Environmental
consequences
5.5

Anticipated

2

2

0

0

4

1

0

3

3

0

0

3

regret
6.1

Demonstration
of Behaviour

6.2

Social
Comparison

7.1

Prompts/Cues

1

0

0

1

8.1

Behavioural

1

0

1

0

4

4

0

0

practice/
rehearsal
8.2

Behavioural
Substitution

8.7

Graded Tasks

1

1

0

0

9.1

Credible source

1

1

0

0

1

0

0

1

10.4 Social Reward

4

0

0

4

11.1 Pharmacological

2

0

0

2

10.1 Material
incentive
(behaviour)

Support

Accepted for publication in Health Psychology Review, ISSN, 1743-7199. 2019

11.2 Reduce Negative

3

1

2

0

2

2

0

0

1

1

0

0

1

1

0

0

2

0

0

2

4

4

0

0

1

1

0

0

1

0

1

0

15.4 Self-talk

1

1

0

0

16.1 Imaginary

1

1

0

0

Emotions
12.1 Restructuring the
physical
environment
12.5 Adding objects
to the
environment
13.1 Identification of
self as role
model
13.2 Framing reframing
15.1 Verbal
Persuasion
About Capability
15.2 Mental rehearsal
of successful
performance
15.3 Focus on past
success

Accepted for publication in Health Psychology Review, ISSN, 1743-7199. 2019

punishment
16.3 Vicarious
consequences

1
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Supplemental material 7: Modes of delivery, BCTs and associated practical strategies coded
for interventions included in the meta-analysis

Physical Activity Interventions

Brown (2016)
Intervention description: a workplace intervention designed to increase walking. Two
intervention types were tested compared to a control (neutral emails with no encouragement):
Task/care emails – encouragement stressed individual effort and improvement, and provided
suggestions for how to encourage fellow co-workers to walk, and Ego emails: encouragement
stressed competing with fellow co-workers to achieve the most steps in the group.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Email

Task/care intervention

BCT

BCT name

Practical strategy

Social

Users were encouraged to provide social support to each other e.g.

support

‘if you see a fellow walker today, why not give him or her a high

number
3.1

(unspecified) five? Tell them that they are doing a great job’
10.4

Social

Users received updated step counts for the entire cohort via email
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reward

e.g. ‘congratulations, as a group, we’ve walked a daily average of
354,203 steps. That’s like walking from here to our states capital’

15.1

Verbal

e.g. ‘Remember- the hardest step you’re going to take in this is

persuasion

just getting out the door. Every step you take today counts. Every

about

single one. You can do this!’

capability

Ego intervention

BCT

BCT name

Practical strategy

Social

Users received a running tally of everyone’s step count e.g. ‘this

comparison

week Chris walked the most steps with 140,302 and Ann walked

number
6.2

the least steps with only 2,103. Looks like everyone below Chris
needs to step it up!’ and, ‘now’s the time to ask yourself- who’s
the best here? Don’t you want it to be you? Take a look at the list
of walkers this week. Where is your name? If you’re not at the top,
remind yourself that you can do better. Don’t let someone out walk
you!’
15.1

Verbal

e.g. ‘Everyone has a million excuses for why they can’t do

persuasion

something. But if you want to be top of the walking group, you’ve

about

got to keep pushing yourself no matter what. Just put one foot in

capability

front of the other. If you didn’t find yourself top of the walking
group this week, remember you can always push yourself harder.
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Don’t let yourself slack’

Dadaczynski et al (2017)

Intervention description: an intervention that aimed to increase low-level physical activity
such as walking. The intervention included tracking of physical activity using a pedometer
and also access to online content containing quizzes, goal setting/tracking features, and the
facility to compare progress with others.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Desktop computer

Website

Mobile device

Website

Wearable accessory

Digital accessory

BCT name

Practical strategy

Goal setting

A daily step goal was implemented

number
1.1

(behaviour)
1.5

2.2

Review

Individual tailored step goals were calculated

behaviour

each day based on logged data of the pedometer for

goal(s)

each user of the last four days

Feedback

Users received daily emails with information about their current

on

step goal as well as the results of the previous day

behaviour
12.5

Adding

Users were given a Fitbit pedometer to measure their physical
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objects to

activity

the
environment
6.2

Social

Users could join in team or individual challenges against each

comparison

other. Additionally, game features were implemented to increase
participation e.g. rankings (leader boards)

Dunton et al (2008)
Intervention description: this intervention aimed to increase physical activity amongst
women. The website included an interactive computer programme that produced
individualised physical activity feedback, images of women exercising (matched to age and
type of activity), and tailored messages for overcoming barriers to exercising. Follow-up
emails over 10 weeks provided encouragement and tips.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email

BCT name

Practical strategy

Goal setting

Email newsletter: ‘addressed topics such as goal setting’

number
1.1

(behaviour)
1.2

Problem

Webpage: provided suggestions for overcoming barriers to
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2.2

solving

physical activity

Feedback on

Webpage: after the information was entered, the computer

behaviour

programme generated a graph displaying each respondent’s selfreported current level of activity compared to the 2005 USDA
Dietary guidelines for physical activity

2.3

Self-

Email newsletter: link to a downloadable log provided

monitoring of
behaviour
4.1

Instruction on

Email newsletter: information about appropriate portion sizes

how to

Email newsletter: number of recommended minutes of activity

perform the
behaviour
5.3

Information

Webpage: a tailored message provided either the consequences

about social

of inactivity, or reinforcement for meeting activity levels, based

and

on self-reported number of minutes of physical activity

environmental
consequences

Gell et al (2015)
Intervention description: a text-message workplace-based intervention targeted at women
aiming to increase physical activity. Text messages aimed to be informational and
motivational. Three were sent per week for 24 weeks. All women received the same
messages.
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Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Phone

Automated text

BCT name

Practical strategy

Goal

Text messages included ‘goal setting’ e.g. ‘people who write down a

setting

goal are much more likely to achieve it than those who don’t.

number
1.1

(behaviour) What’s your exercise goal for the next 3 months?’
1.2

Problem

Text messages included ‘self-regulation strategies such as relapse

solving

prevention’ and ‘strategies to address the most common barriers to
physical activity’

2.3

Self-

Text messages included ‘self-regulation strategies such as self-

monitoring

monitoring’

of
behaviour
4.1

Instruction

Text messages included ‘specific suggestions for ways to meet

on how to

physical activity guidelines’ e.g.

perform

‘Add steps to your day: use the restroom on another floor and use

behaviour

they steps to get there’ and ‘try interval training while walking: spot
something in the distance and walk fast, walk normal, pick another
object and repeat’

Hageman et al (2005)
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Intervention description: this intervention consisted of a series of three tailored newsletters
accessed via the internet that aimed to increase physical activity among older women.
Tailored content was created automatically from a library of 350 messages selected according
to individuals’ responses to their baseline survey.

Mode of delivery

BCT

BCT name

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Practical strategy

number
No unique BCTs were coded for this intervention

Hager et al (2002)
Intervention description: This intervention aimed to increase physical activity and was
offered within the workplace. The ‘stage-based’ version provided users with an initial
exercise message tailored to their individual readiness to change. This was followed by email
messages for five consecutive weeks.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email
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BCT

BCT name

Practical strategy

Goal setting

The email ‘be precise about what you plan to achieve, and when

number
1.1

and how it will happen. Write down the details’
1.2

1.4

2.3

2.4

Problem

The email ‘exercise is not for me, but I think about it’ contained a

solving

‘barrier identification and solution exercise’

Action

Email: ‘be precise about what you plan to achieve, and when and

planning

how it will happen. Write down the details’

Self-

Email: Goals: Include a way to gauge your success- time spent

monitoring of

exercising, number of workout sessions, or drop in cholesterol or

behaviour

blood pressure

Self-

Email: ‘Goals: include a way to gauge your success - time spent

monitoring of

exercising, number of workout sessions, or drop in cholesterol or

outcome

blood pressure’

behaviour
4.1

Instruction on

Email: ‘a good fitness program includes three elements’: Aerobic

how to

activity, exercises that increase your heart rate through nonstop

perform

activity. Fast walking, jogging, swimming, cycling, and roller

behaviour

skating
Email: ‘a good fitness program includes three elements’:
Stretching exercises that enable your joints to move through a full
range of motion. Stretch after your body is warmed up and breathe
naturally while you stretch. Hold each stretch comfortably for 30
seconds and never bounce
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5.1

Information

Email: ‘Abdominal crunches, push ups, and weight lifting can

about health

strengthen and condition your muscles’

consequences
5.3

Information

Email: ‘Physical activity helps you feel better about yourself and

about social

makes you a role model for family and friends’

and
environmental
consequences
13.1

Identification

Email: ‘Physical activity helps you feel better about yourself and

as self as role

makes you a role model for family and friends’

model
15.2

Mental

Email: ‘Picture yourself exercising- healthier and more energetic

rehearsal of

than you’ve ever been-looking forward to the day with enthusiasm

successful

and optimism for what lies ahead’

performance

Irvine et al 2011
Intervention description: an automated internet-based work-place intervention (Get Moving)
designed to improve the physical activity of sedentary workers. Content aimed to provide
education, support and guidance using on-screen text, video, and animations. Employees
were able to access the website using workstations located within their workplace computer
lab.

Top level

Sub-level 1

Sub-level 2
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Mode of delivery

BCT

Digital

Computer/television

Website

BCT name

Practical strategies

Goal setting

The Web site helped users to set physical activity goals on a

(behaviour)

weekly basis. On each weekly return to the website, users were

number
1.1

encouraged to set the same or an amended goal. Users were
told that the goal was to make physical activity a habit over a
period of months by building gradually to nationally
recommended levels of 30 minutes of moderate intensity
1.2

Problem solving

Text and video messages were tailored to users’ perceived
personal barriers to PA. For example, they received
encouragement to overcome self-perceived barriers to physical
activity (e.g., too tired, no will power, self-conscious, not fun)
and could view up to six different video testimonials offering
tips in the form of personal stories about overcoming specified
barriers
Users could print tips for overcoming anticipated barriers; they
were encouraged to review common barriers and address the
previous week’s obstacles on each return to website

1.4

Action planning

The website helped users to create an activity schedule,
including day, time and type of activity they would perform

1.5

Review

When users returned to the website, they were queried about

behavioural

physical activity since previous visit. The programme
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goal(s)

compared the responses with their stored physical activity data
from the previous visit and then provided tailored positive
support even if their goals had not been met. Whether users
chose the same or amended goal for the following week, a new
physical activity schedule for the following week could be
created

8.7

Graded tasks

The Web site helped users to set physical activity goals on a
weekly basis. On each weekly return to the website, users were
encouraged to set the same or an amended goal. Users were
told that the ultimate goal was to make physical activity a habit
over a period of months by building gradually to nationally
recommended levels of 30 minutes of moderate intensity

Muller et al (2016)
Intervention description: this intervention aimed to increase exercise self-efficacy in inactive
older adults using text messaging (60 messages over 12 weeks). Messages aimed to
encourage, prompt and praise exercise behaviour.

Mode of delivery

BC

BCT

T

name

Top level

Sub-level 1

Sub-level 2

Digital

Phone

Automated text

Practical strategies
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num
ber
7.1

Prompts/

Text message prompt: ‘Please do the My Paths exercises regularly’

cues
10.4 Social
reward

Text messages praise efforts made towards the exercise behaviour e.g. ‘all
your efforts will impact your health’

Prestwich et al (2017)

Intervention description: an intervention that aimed to increase physical activity measured
using step counts. Two different interventions were presented (‘self-monitoring’ and
‘competition’). In both, users were asked to meet a daily step count goal and to track their
physical activity using a pedometer. An online website allowed them to observe their stepcount over time. In the competition intervention, users were additionally able to see how their
step-count compared to other users.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Wearable accessory

Digital accessory

BCT name

Practical strategy

Goal setting

Users were asked to perform a minimum of 10,000 steps per day

number
1.1
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(behaviour)
1.6

Discrepancy Tailored message via website: You reported that you have
between

achieved 11,000 steps so far. The daily target is to achieve at

current

least 10,000, thus within the next 24 hours your pedometer

behaviour

should read at least 120,0000 steps

and goal
2.3

2.2

Self-

Users were asked to log onto study website and record their

monitoring

number of pedometer steps (at least once every 7 days for 5

of

weeks). They were also asked to log any activity done whilst not

behaviour

wearing the pedometer

Feedback

Users tracked changes in their pedometer steps over the course of the

on

study via graphical and tabular feedback (at least once every 7 days for

behaviour

5 weeks)

Competition intervention

BCT

BCT name

Practical strategy

Goal setting

Users were asked to perform a minimum of 10,000 steps per day

number
1.1

(behaviour)
1.6

Discrepancy Tailored message via website: You reported that you have
between

achieved 11,000 steps so far. The daily target is to achieve at

current

least 10,000, thus within the next 24 hours your pedometer

behaviour

should read at least 120,0000 steps
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and goal
2.3

2.2

6.2

Self-

Users were asked to log onto study website and record their

monitoring

number of pedometer steps (at least once every 7 days for 5

of

weeks). They were also asked to log any activity done whilst not

behaviour

wearing the pedometer

Feedback

Users tracked changes in their pedometer steps over the course of the

on

study via graphical and tabular feedback (at least once every 7 days for

behaviour

5 weeks)

Social

Users received feedback relating to how their pedometer steps

comparison

compared to others (at least once every 7 days for 5 weeks). This
was presented in the form of a league table.

Healthy Eating Interventions

Anderson et al (2001)
Intervention description: this intervention aimed to encourage users to decrease dietary fat
and increase fruit, vegetables and fibre in their food purchases and consumption. Booths,
containing computers hosting the intervention, were situated within supermarkets. The
intervention consisted of 15 weekly segments containing pictures, graphics and audio, and the
provision of food coupons to be used in the supermarket to buy healthy foods (nature/value of
coupon was dependant on the focus of the weekly segment). Vouchers could be printed in the
booth and redeemed within one week of printing.
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Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Computer/television

DVD

BCT name

Practical strategies

Goal

The intervention ‘provided opportunities for personalised goal

setting

setting’

number
1.1

(behaviour)
2.3

Self-

Each segment ‘provided prescriptive information, suggested

monitoring

strategies for monitoring and planning food purchases and meal

of

preparation’

behaviour
4.1

Instruction

Strategies for monitoring and planning food purchases and meal

on how to

preparation were provided

perform
behaviour
10.1

Material

Targeted food coupons were provided; type, order, and value of these

incentive

coupons was dependent on the programme segment’s content, a
products cost, and a weekly coupon allocation

Cook et al (2007)
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Intervention description: this was a workplace intervention (‘Health Connection’) delivered
via a website. Graphics, audio and video were used to provide ‘information and guidance’ on
three health topics: stress management, nutrition/weight management, and physical activity.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategies

1.1

Goal setting

Goals are set based on personal assessment information

1.2

Problem

Includes a printable ‘tracker’ for tracking obstacles and strategies

solving

that work

Action

Interactive daily meal planning exercises

number

1.4

planning
2.1

Monitoring of

An interactive assessment of daily calorie and fat intake

behaviours by
others without
feedback
2.3

Self-

A printable smart goal planner and progress tracker

monitoring of
behaviour
4.1

Instruction on

Tips for making healthy choices (protein, fats, beverages),
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5.3

how to

information and training in reading nutritional facts labels and

perform the

ingredients lists, food shopping strategies and tips, tips for cutting

behaviour

down on alcohol use

Information

Video testimonials highlighting the benefits of good nutrition and

about social

weight management

and
environmental
consequences
6.1

Demonstration A demonstration of using the label to check fat content of foods is
of behaviour

provided
Video demonstrations of: planning ahead for healthy snacks,
refusing unwanted drinks or food, using portion control with
favourite rich foods, selecting the most healthful cooking method

8.2

Behaviour

Advice on replacing alcohol with positive alternatives

substitution
11.2

Reduce

‘Education and training in the 5 steps of effective stress

negative

management’

emotions

Irvine et al (2004)
Intervention description: A computer programme which aimed to reduce dietary fat
consumption and increase consumption of fruit and vegetables. Content (on-screen text and
videos) was tailored according to users’ gender, ethnicity, age and interest in content. It was
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made available to employees of two large organisations via temporary computer
workstations.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Computer/television

DVD

BCT name

Practical strategies

Goal setting

Users were asked to identify which of the recommended

(behaviour)

behaviours they were not currently doing and to commit to

number
1.1

those which they would be willing to try in the next week
1.2

Problem solving

Users were asked to identify potential barriers to achieving
these weekly goals from a total of 24 potential barriers. For
chosen barriers, video models delivered short testimonial
describing how they overcame the selected barriers

1.9

Commitment

Users were asked to ‘commit’ to the behaviours that they are
willing to try in the next week

4.1

Instruction on

On screen text was used to present practical steps for how to

how to perform

perform the behaviours e.g. ‘add fruit & veggies when you

the behaviour

pack your lunch’
Video vignettes were used to model recommended eating
behaviours e.g. the fork-dip method, ordering low-fat menu
items
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The recipe section contained over 1500 low-fat recipes – users
selected different criteria for recipes and the ones meeting these
criteria were displayed and could be printed
5.1

Information

The importance and health benefits of eating less dietary fat

about health

were stressed

consequences
6.1

Demonstration of Video vignettes were used to model recommended eating
the behaviour

behaviours e.g. the fork-dip method, ordering low-fat menu
items

Keller et al (2018)

Intervention description: an intervention that aimed to increase fruit and vegetable
consumption. Via a website, users were presented with age and gender matched testimonials
by others who had successfully increased their fruit and vegetable consumption and
encouraged to focus on past success.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategy

Behaviour

Testimonial: ‘Until recently I was a real sweet tooth! Chocolate

number
8.2
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substitution

and cookies in the evening in front of the TV were just a must. I
then got the tip from a friend to simply replace sweets with fruit.
I'm always nibbling on grapes and dry fruits. Never thought how
delicious that is! If I can do that, you can do it!’

15.3

Focus on

Users were asked to recall their own experiences of success with

past success

fruit and veg by checking against some example statements or by
documenting their own success stories

15.4

Self-talk

Users were encouraged to generate a self-motivating phrase that
they could recall when being tempted to snack or otherwise
being unmotivated to eat fruit and veg

Smoking Interventions

Brendryen & Kraft (2008) and Brendryen et al (2008)
Intervention description: The intervention (‘Happy Ending’) is a 1-year smoking cessation
programme. The same intervention was examined in both studies. It has preparation, quitting
and follow-up phases during which content, messages and support differ. Access to a website
is prompted via email. Users are encouraged to call an Interactive Voice Response (IVR)
helpline during the quitting phase whenever they experience an urge to smoke (just-in-time
intervention). During this phase, users are additionally contacted by the IVR system daily and
prompted to report whether they have smoked; reports of smoking trigger relapse prevention
(a ‘therapy regimen’). Text messages are used to remind users to contact the IVR helpline
when needed.
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Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email

Phone

Automated text

Phone

Interactive Voice
Response (IVR)1

1

IVR is not currently categorised within the Mode of Delivery of Behaviour Change

Interventions Taxonomy Version 0 (MoDTv0) (Carey et al., 20016) as a mode of delivery

BCT

BCT name

Practical strategies

Problem solving

Users were encouraged to make concrete ‘coping plans’

number
1.2

regarding how to stay smoke free in the immediate future
Automated IVR based ‘relapse prevention’ system is
incorporated in Happy Ending.
1.4

Action planning

Users are encouraged to make concrete ‘implementation
intentions’ regarding how to stay smoke free in the immediate
future
Users who have a ‘slip’ are encouraged to prepare an
‘implementation intention’ regarding how and when to resume
the quit attempt
Repeatedly encouraged to make a plan to call the hotline every
time they are tempted to have a cigarette

2.1

Monitoring of

Users’ were contacted every night by the IVR system and asked
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behaviour by

whether they had smoked during the day

others without
feedback
2.3

Self-monitoring

The preparation stage contains elements of behavioural skills

of behaviour

training. These consist of techniques related to the acquisition
of new skills, such as self-stopping, the use of substitutions,
self-monitoring and foresight

2.7

Feedback on

IVR message: today your blood pressure has been reduced to

outcome(s) of

that of a non-smoker

behaviour
3.1

Social support

The intervention contains an IVR based craving helpline. Users

(unspecified)

were instructed (repeatedly by text message) to call the helpline
every time they are tempted to have a cigarette.
Users were repeatedly encouraged via website messages to call
the IVR helpline when experiencing cravings

4.1

Instruction on

The preparation stage contains elements of ‘behavioural skills

how to perform

training’. These consist of techniques related to the acquisition

behaviour

of new skills, such as self-stopping, the use of substitutions,
self-monitoring and foresight

4.2

5.1

Information

Website message: ‘what it is that distinguishes your smoking

about

pattern? I often smoke… after a meal/ on the way to work/

antecedents

when I have a coffee break ….?’

Information

Each morning during the quitting phase, users receive a pre-

about health

recorded message via the IVR system about one of the short
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consequences

term positive consequences of quitting e.g. ‘today your blood
pressure has been reduced to that of a non-smoker’

5.5

8.2

10.4

Anticipated

IVR relapse prevention message: ‘How will you feel in a

regret

month’s time if you decide to start smoking again now?’

Behaviour

Website message: use some of the smoking breaks you used to

substitution

have at work to go for a brisk walk instead

Social reward

Website message: ‘you will see that you already have a much
improved overall state of health – congratulations’
Text message: ‘congrats - smoke free for a whole work week’
and, ‘Bravo – it’s now a full working week since you stopped’

11.1

Pharmacological Seven text messages are sent to users related to nicotine
support

replacement therapy (NRT); reminders are sent about obtaining
it, wearing it, and to use it regularly

11.2

12.1

13.2

Reduce negative

Users are encouraged to attribute a ‘slip’ to situational factors,

emotions

‘thereby preventing negative emotions and a full-blown relapse’

Restructuring

Website message: ‘clear away all ash tray and anything else that

the physical

remind you of smoking- look through drawers and cupboards,

environment

throw away anything you find’

Framing/ re-

Website messages: ‘even if you’ve had a few cigarettes it’s not

framing

a disaster’ and, ‘a slip up is no great catastrophe, look on any
slip up as a little step backwards before you continue ahead at
full speed’

15.1

Verbal

Email message: ‘your first weekend as a non-smoker is nearly

persuasion

here…. You won’t destroy it now by being careless this
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about capability

weekend … you are over the worst cravings and you will have
soon managed a whole week as a non-smoker’

Mavrot et al (2016)
Intervention description: this intervention (‘Coach’), designed for both current and former
smokers (both motivated and unmotivated to quit), aimed to increase smoking cessation and
prevent relapse. Website content is tailored and provides ‘counselling’ through personalised
messages (information, encouragement, advice, feedback).

Top level

Sub-level 1

Sub-level 2

Mode of delivery

Digital

Unspecified

Website

BCT

BCT

Practical strategies

number

name

2.7

Feedback

Users were able to view a personal web page with progress graphs

on

that provided a visual representation of change over time in the

behaviour levels of tobacco dependence, withdrawal symptoms motivation, and
self-efficacy

Powell et al (2016)
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Intervention description: A website designed to increase smoking cessation, containing audio,
video and on-screen text extracts of ex-smoker’s experiences of quitting smoking, organised
into topic groups. Users were able to navigate and browse content as they wished.

Mode of delivery

BCT

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Practical strategies

number name
No unique BCTs were coded for this intervention

Sexual Behaviour Interventions

Bowen et al (2007)
Intervention description: A HIV risk-reduction intervention for men who have sex with men
(MSM). HIV prevention messages were conveyed through video conversations between an
HIV-positive man (‘expert’) and an HIV-negative man (‘inexperienced’; engaging in high
risk activities); dialogue was interspersed with interactive activities and graphics emphasising
key points.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website
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BCT

BCT

Practical strategies

number name
4.1

Instruction The content focused on how the inexperienced man might maintain his
on how to

HIV-negative status, including safe sex options, condom types, and

perform

correct condom application

behaviour

Klein et al (2017)
Intervention description: a 2-hour long programme delivered within a sexual health setting.
Users could stop at any point, resume where they left off, and if they wanted to, repeat
already completed activities. Each session combines audio narration, visual presentations,
interactive components, games, and a series of soap opera-style videos.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategy

Goal setting

‘Think about it’ activity – for which goal setting is outcome

number
1.1

(behaviour)
1.2

Problem solving

Presentation on ways of getting past barriers to condom use,
communication strategies video, ‘excuses and comebacks
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game’
4.1

Instruction on

Interactive review of correct condom use steps; ‘Andrea

how to perform

demonstrates correct condom use’; ‘salsa dancing game:

behaviour

user negotiates each step of the encounter (sexual
communication) until the dance is complete’

4.2

5.1

5.2

Information

Unsafe sex triggers – video of workshop women discussing

about

their own unsafe sex triggers and then ‘what are your

antecedents

triggers’ exercise

Information

Consequences of risky sex = STIs; Interactive activity ‘you

about social and

and Ramon’- animated chart depicting how Ramon’s sexual

environmental

experiences translate into a larger sexual history than spans

consequences

nearly 100 people

Salience of

Interactive activity ‘you and Ramon’ - animated chart

consequences

depicting how Ramon’s sexual experiences translate into a
larger sexual history than spans nearly 100 people

6.1

Demonstration of Video demonstration of communication role play and of
behaviour

condom use: ‘Andrea demonstrates correct condom use’;
video of workshop women practicing putting on condoms
on penis proxies; video demo of communication role-play

8.1

Behaviour

Activity- Users negotiates each step of sexual encounter

practice/rehearsal until dance is complete; if he says/ you can say’ activitycommunication role-play activity
9.1

Credible source

Video of health educator Andrea demonstrating correct
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condom use
16.1

16.3

Imaginary

Exercise- visualise the impact of contracting HIV on

punishment

family, friends and their quality of life

Vicarious

Video of women’s experiences of contracting an STI

consequences

multiple times from their partners

Swartz et al (2011)
Intervention description: this intervention aimed to reduce unwanted pregnancy and sexually
transmitted infections (STIs) amongst middle-aged women. The website had five modules
and included on-screen text, animations, quizzes, and videos (including those presented by
midwife and testimonials from other women).

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategies

Instruction on

The ‘talking to your partner’ module presents information and

how to

skill-building techniques for talking with sexual partners about

perform the

how best to initiate and conduct discussions regarding risk-

behaviour

reduction behaviours (e.g. changing contraceptive methods, using

number
4.1

condoms, or being tested for STI’s)
Tip sheets and video modelling are presented to help build
communication skills, and include a) effective communication
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with your health care provider b) helpful information to bring to
an appointment and c) sample questions to ask your health care
provider
5.1

6.1

Information

Information is presented on the benefits and limits of commonly

about health

used prevention strategies (e.g. condoms) in preventing specific

consequences

STI’s

Demonstration Tip sheets and video modelling are presented to help build
of behaviour

communication skills, and include a) effective communication
with your health care provider b) helpful information to bring to
an appointment and c) sample questions to ask your health care
provider
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Supplemental material 8: Forest plot for self-efficacy of automated digital interventions
versus no/usual treatment by behavioural domain
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Supplemental material 9: Risk of bias plots of ratings by domain and by study

Risk of bias ratings by domain
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Risk of bias ratings by study
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High risk of bias
Low risk of bias
Unclear risk of bias
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Supplemental material 10: PRISMA Checklist
Reported on
Section/topic

# Checklist item
page #

TITLE
Title

1 Identify the report as a systematic review, meta-analysis, or both.

1

2 Provide a structured summary including, as applicable: background; objectives; data sources; study

3

ABSTRACT
Structured summary

eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale

3 Describe the rationale for the review in the context of what is already known.

Objectives

4 Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

METHODS

4-7
7
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Protocol and registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available,

7

provide registration information including registration number.
Eligibility criteria

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years

7-8

considered, language, publication status) used as criteria for eligibility, giving rationale.
Information sources

7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to

8

identify additional studies) in the search and date last searched.
Search

8 Present full electronic search strategy for at least one database, including any limits used, such that it
could be repeated.

Study selection

9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if

Supplemental
material 2
9-10

applicable, included in the meta-analysis).
Data collection process

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any

10-13

processes for obtaining and confirming data from investigators.
Data items

11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.

10-13
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Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether

13

this was done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures

13 State the principal summary measures (e.g., risk ratio, difference in means).

13-14

Synthesis of results

14 Describe the methods of handling data and combining results of studies, if done, including measures of

13-14

consistency (e.g., I2) for each meta-analysis.
Risk of bias across studies

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias,

14

selective reporting within studies).
Additional analyses

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if

14-15

done, indicating which were pre-specified.
RESULTS
Study selection

17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.

Study characteristics

18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

10 (figure 1),
15-16
16-17,
Supplemental
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material 4-7
Risk of bias within studies

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

18,
supplemental
material 9

Results of individual
studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for

17 (Figure 2)

each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results

21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.

17

Risk of bias across studies

22 Present results of any assessment of risk of bias across studies (see Item 15).

18,
supplemental
material 9

Additional analysis

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see

17-18

Item 16]).
DISCUSSION
Summary of evidence

24 Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers, users, and policy makers).

18-19
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Limitations

25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete

24-25

retrieval of identified research, reporting bias).
Conclusions

26 Provide a general interpretation of the results in the context of other evidence, and implications for future

25-26

research.
FUNDING
Funding

27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of
funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097
For more information, visit: www.prisma-statement.org.
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First filter; study design:
experiment OR randomi?ed OR controlled OR trial* OR manipulated OR evaluation OR
follow-up stud* OR experiment OR program* OR intervention OR intervene*behaviour
change OR health promotion OR preven*

Second filter; outcome measures:
Self-efficacy OR social cognitive theory OR vicarious learning OR vicarious experience OR
mastery experience OR persuasion OR protection motivation theory

Third filter; intervention type
Digital OR mobile phone OR smartphone OR cell* phone OR email OR e-mail OR
messaging service OR videogame OR video game OR website OR podcast OR social media
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virtual reality OR VR OR wearable sensor OR internet OR web-based OR online OR blog
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Supplemental material 6: Incidence of BCTs across interventions along with associated dose

BCT

1.1

Goal setting

Incidence of BCT

Dose of BCT present

across interventions

across interventions
Low

Medium

High

11

3

1

7

(behaviour)
1.2

Problem solving

9

3

3

3

1.4

Action planning

5

3

0

2

1.5

Review

2

1

0

1

2

0

0

2

Behavioural
Goal
1.6

Discrepancy
between current
behaviour and
goal

1.9

Commitment

1

0

0

1

2.1

Monitoring of

3

1

0

2

5

2

0

3

Behaviour by
others Without
Feedback
2.2

Feedback on

Do automated digital health behaviour change interventions have a positive effect on selfefficacy? A systematic review and meta-analysis

Behaviour
2.3

Self-monitoring

9

3

1

5

1

1

0

0

2

2

0

0

3

1

0

2

11

3

3

5

3

2

1

0

5

3

0

2

1

1

0

0

4

4

0

0

of behaviour
2.4

Self-Monitoring
of outcome of
behaviour

2.7

Feedback on
outcome(s) of
Behaviour

3.1

Social Support
(unspecified)

4.1

Instruction on
How to Perform
Behaviour

4.2

Information
about
antecedents

5.1

Information
about Health
Consequences

5.2

Salience of
consequences

5.3

Information

Do automated digital health behaviour change interventions have a positive effect on selfefficacy? A systematic review and meta-analysis

about Social and
Environmental
consequences
5.5

Anticipated

2

2

0

0

4

1

0

3

3

0

0

3

regret
6.1

Demonstration
of Behaviour

6.2

Social
Comparison

7.1

Prompts/Cues

1

0

0

1

8.1

Behavioural

1

0

1

0

4

4

0

0

practice/
rehearsal
8.2

Behavioural
Substitution

8.7

Graded Tasks

1

1

0

0

9.1

Credible source

1

1

0

0

1

0

0

1

10.4 Social Reward

4

0

0

4

11.1 Pharmacological

2

0

0

2

10.1 Material
incentive
(behaviour)

Support

Do automated digital health behaviour change interventions have a positive effect on selfefficacy? A systematic review and meta-analysis

11.2 Reduce Negative

3

1

2

0

2

2

0

0

1

1

0

0

1

1

0

0

2

0

0

2

4

4

0

0

1

1

0

0

1

0

1

0

15.4 Self-talk

1

1

0

0

16.1 Imaginary

1

1

0

0

Emotions
12.1 Restructuring the
physical
environment
12.5 Adding objects
to the
environment
13.1 Identification of
self as role
model
13.2 Framing reframing
15.1 Verbal
Persuasion
About Capability
15.2 Mental rehearsal
of successful
performance
15.3 Focus on past
success

Do automated digital health behaviour change interventions have a positive effect on selfefficacy? A systematic review and meta-analysis

punishment
16.3 Vicarious
consequences

1

1

0

0

Do automated digital health behaviour change interventions have a positive effect on selfefficacy? A systematic review and meta-analysis

Supplemental material 7: Modes of delivery, BCTs and associated practical strategies coded
for interventions included in the meta-analysis

Physical Activity Interventions

Brown (2016)
Intervention description: a workplace intervention designed to increase walking. Two
intervention types were tested compared to a control (neutral emails with no encouragement):
Task/care emails – encouragement stressed individual effort and improvement, and provided
suggestions for how to encourage fellow co-workers to walk, and Ego emails: encouragement
stressed competing with fellow co-workers to achieve the most steps in the group.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Email

Task/care intervention

BCT

BCT name

Practical strategy

Social

Users were encouraged to provide social support to each other e.g.

support

‘if you see a fellow walker today, why not give him or her a high

number
3.1

(unspecified) five? Tell them that they are doing a great job’
10.4

Social

Users received updated step counts for the entire cohort via email
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reward

e.g. ‘congratulations, as a group, we’ve walked a daily average of
354,203 steps. That’s like walking from here to our states capital’

15.1

Verbal

e.g. ‘Remember- the hardest step you’re going to take in this is

persuasion

just getting out the door. Every step you take today counts. Every

about

single one. You can do this!’

capability

Ego intervention

BCT

BCT name

Practical strategy

Social

Users received a running tally of everyone’s step count e.g. ‘this

comparison

week Chris walked the most steps with 140,302 and Ann walked

number
6.2

the least steps with only 2,103. Looks like everyone below Chris
needs to step it up!’ and, ‘now’s the time to ask yourself- who’s
the best here? Don’t you want it to be you? Take a look at the list
of walkers this week. Where is your name? If you’re not at the top,
remind yourself that you can do better. Don’t let someone out walk
you!’
15.1

Verbal

e.g. ‘Everyone has a million excuses for why they can’t do

persuasion

something. But if you want to be top of the walking group, you’ve

about

got to keep pushing yourself no matter what. Just put one foot in

capability

front of the other. If you didn’t find yourself top of the walking
group this week, remember you can always push yourself harder.
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Don’t let yourself slack’

Dadaczynski et al (2017)

Intervention description: an intervention that aimed to increase low-level physical activity
such as walking. The intervention included tracking of physical activity using a pedometer
and also access to online content containing quizzes, goal setting/tracking features, and the
facility to compare progress with others.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Desktop computer

Website

Mobile device

Website

Wearable accessory

Digital accessory

BCT name

Practical strategy

Goal setting

A daily step goal was implemented

number
1.1

(behaviour)
1.5

2.2

Review

Individual tailored step goals were calculated

behaviour

each day based on logged data of the pedometer for

goal(s)

each user of the last four days

Feedback

Users received daily emails with information about their current

on

step goal as well as the results of the previous day

behaviour
12.5

Adding

Users were given a Fitbit pedometer to measure their physical
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objects to

activity

the
environment
6.2

Social

Users could join in team or individual challenges against each

comparison

other. Additionally, game features were implemented to increase
participation e.g. rankings (leader boards)

Dunton et al (2008)
Intervention description: this intervention aimed to increase physical activity amongst
women. The website included an interactive computer programme that produced
individualised physical activity feedback, images of women exercising (matched to age and
type of activity), and tailored messages for overcoming barriers to exercising. Follow-up
emails over 10 weeks provided encouragement and tips.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email

BCT name

Practical strategy

Goal setting

Email newsletter: ‘addressed topics such as goal setting’

number
1.1

(behaviour)
1.2

Problem

Webpage: provided suggestions for overcoming barriers to
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2.2

solving

physical activity

Feedback on

Webpage: after the information was entered, the computer

behaviour

programme generated a graph displaying each respondent’s selfreported current level of activity compared to the 2005 USDA
Dietary guidelines for physical activity

2.3

Self-

Email newsletter: link to a downloadable log provided

monitoring of
behaviour
4.1

Instruction on

Email newsletter: information about appropriate portion sizes

how to

Email newsletter: number of recommended minutes of activity

perform the
behaviour
5.3

Information

Webpage: a tailored message provided either the consequences

about social

of inactivity, or reinforcement for meeting activity levels, based

and

on self-reported number of minutes of physical activity

environmental
consequences

Gell et al (2015)
Intervention description: a text-message workplace-based intervention targeted at women
aiming to increase physical activity. Text messages aimed to be informational and
motivational. Three were sent per week for 24 weeks. All women received the same
messages.
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Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Phone

Automated text

BCT name

Practical strategy

Goal

Text messages included ‘goal setting’ e.g. ‘people who write down a

setting

goal are much more likely to achieve it than those who don’t.

number
1.1

(behaviour) What’s your exercise goal for the next 3 months?’
1.2

Problem

Text messages included ‘self-regulation strategies such as relapse

solving

prevention’ and ‘strategies to address the most common barriers to
physical activity’

2.3

Self-

Text messages included ‘self-regulation strategies such as self-

monitoring

monitoring’

of
behaviour
4.1

Instruction

Text messages included ‘specific suggestions for ways to meet

on how to

physical activity guidelines’ e.g.

perform

‘Add steps to your day: use the restroom on another floor and use

behaviour

they steps to get there’ and ‘try interval training while walking: spot
something in the distance and walk fast, walk normal, pick another
object and repeat’

Hageman et al (2005)
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Intervention description: this intervention consisted of a series of three tailored newsletters
accessed via the internet that aimed to increase physical activity among older women.
Tailored content was created automatically from a library of 350 messages selected according
to individuals’ responses to their baseline survey.

Mode of delivery

BCT

BCT name

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Practical strategy

number
No unique BCTs were coded for this intervention

Hager et al (2002)
Intervention description: This intervention aimed to increase physical activity and was
offered within the workplace. The ‘stage-based’ version provided users with an initial
exercise message tailored to their individual readiness to change. This was followed by email
messages for five consecutive weeks.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email
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BCT

BCT name

Practical strategy

Goal setting

The email ‘be precise about what you plan to achieve, and when

number
1.1

and how it will happen. Write down the details’
1.2

1.4

2.3

2.4

Problem

The email ‘exercise is not for me, but I think about it’ contained a

solving

‘barrier identification and solution exercise’

Action

Email: ‘be precise about what you plan to achieve, and when and

planning

how it will happen. Write down the details’

Self-

Email: Goals: Include a way to gauge your success- time spent

monitoring of

exercising, number of workout sessions, or drop in cholesterol or

behaviour

blood pressure

Self-

Email: ‘Goals: include a way to gauge your success - time spent

monitoring of

exercising, number of workout sessions, or drop in cholesterol or

outcome

blood pressure’

behaviour
4.1

Instruction on

Email: ‘a good fitness program includes three elements’: Aerobic

how to

activity, exercises that increase your heart rate through nonstop

perform

activity. Fast walking, jogging, swimming, cycling, and roller

behaviour

skating
Email: ‘a good fitness program includes three elements’:
Stretching exercises that enable your joints to move through a full
range of motion. Stretch after your body is warmed up and breathe
naturally while you stretch. Hold each stretch comfortably for 30
seconds and never bounce
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5.1

Information

Email: ‘Abdominal crunches, push ups, and weight lifting can

about health

strengthen and condition your muscles’

consequences
5.3

Information

Email: ‘Physical activity helps you feel better about yourself and

about social

makes you a role model for family and friends’

and
environmental
consequences
13.1

Identification

Email: ‘Physical activity helps you feel better about yourself and

as self as role

makes you a role model for family and friends’

model
15.2

Mental

Email: ‘Picture yourself exercising- healthier and more energetic

rehearsal of

than you’ve ever been-looking forward to the day with enthusiasm

successful

and optimism for what lies ahead’

performance

Irvine et al 2011
Intervention description: an automated internet-based work-place intervention (Get Moving)
designed to improve the physical activity of sedentary workers. Content aimed to provide
education, support and guidance using on-screen text, video, and animations. Employees
were able to access the website using workstations located within their workplace computer
lab.

Top level

Sub-level 1

Sub-level 2
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Mode of delivery

BCT

Digital

Computer/television

Website

BCT name

Practical strategies

Goal setting

The Web site helped users to set physical activity goals on a

(behaviour)

weekly basis. On each weekly return to the website, users were

number
1.1

encouraged to set the same or an amended goal. Users were
told that the goal was to make physical activity a habit over a
period of months by building gradually to nationally
recommended levels of 30 minutes of moderate intensity
1.2

Problem solving

Text and video messages were tailored to users’ perceived
personal barriers to PA. For example, they received
encouragement to overcome self-perceived barriers to physical
activity (e.g., too tired, no will power, self-conscious, not fun)
and could view up to six different video testimonials offering
tips in the form of personal stories about overcoming specified
barriers
Users could print tips for overcoming anticipated barriers; they
were encouraged to review common barriers and address the
previous week’s obstacles on each return to website

1.4

Action planning

The website helped users to create an activity schedule,
including day, time and type of activity they would perform

1.5

Review

When users returned to the website, they were queried about

behavioural

physical activity since previous visit. The programme
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goal(s)

compared the responses with their stored physical activity data
from the previous visit and then provided tailored positive
support even if their goals had not been met. Whether users
chose the same or amended goal for the following week, a new
physical activity schedule for the following week could be
created

8.7

Graded tasks

The Web site helped users to set physical activity goals on a
weekly basis. On each weekly return to the website, users were
encouraged to set the same or an amended goal. Users were
told that the ultimate goal was to make physical activity a habit
over a period of months by building gradually to nationally
recommended levels of 30 minutes of moderate intensity

Muller et al (2016)
Intervention description: this intervention aimed to increase exercise self-efficacy in inactive
older adults using text messaging (60 messages over 12 weeks). Messages aimed to
encourage, prompt and praise exercise behaviour.

Mode of delivery

BC

BCT

T

name

Top level

Sub-level 1

Sub-level 2

Digital

Phone

Automated text

Practical strategies
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num
ber
7.1

Prompts/

Text message prompt: ‘Please do the My Paths exercises regularly’

cues
10.4 Social
reward

Text messages praise efforts made towards the exercise behaviour e.g. ‘all
your efforts will impact your health’

Prestwich et al (2017)

Intervention description: an intervention that aimed to increase physical activity measured
using step counts. Two different interventions were presented (‘self-monitoring’ and
‘competition’). In both, users were asked to meet a daily step count goal and to track their
physical activity using a pedometer. An online website allowed them to observe their stepcount over time. In the competition intervention, users were additionally able to see how their
step-count compared to other users.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Wearable accessory

Digital accessory

BCT name

Practical strategy

Goal setting

Users were asked to perform a minimum of 10,000 steps per day

number
1.1
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(behaviour)
1.6

Discrepancy Tailored message via website: You reported that you have
between

achieved 11,000 steps so far. The daily target is to achieve at

current

least 10,000, thus within the next 24 hours your pedometer

behaviour

should read at least 120,0000 steps

and goal
2.3

2.2

Self-

Users were asked to log onto study website and record their

monitoring

number of pedometer steps (at least once every 7 days for 5

of

weeks). They were also asked to log any activity done whilst not

behaviour

wearing the pedometer

Feedback

Users tracked changes in their pedometer steps over the course of the

on

study via graphical and tabular feedback (at least once every 7 days for

behaviour

5 weeks)

Competition intervention

BCT

BCT name

Practical strategy

Goal setting

Users were asked to perform a minimum of 10,000 steps per day

number
1.1

(behaviour)
1.6

Discrepancy Tailored message via website: You reported that you have
between

achieved 11,000 steps so far. The daily target is to achieve at

current

least 10,000, thus within the next 24 hours your pedometer

behaviour

should read at least 120,0000 steps
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and goal
2.3

2.2

6.2

Self-

Users were asked to log onto study website and record their

monitoring

number of pedometer steps (at least once every 7 days for 5

of

weeks). They were also asked to log any activity done whilst not

behaviour

wearing the pedometer

Feedback

Users tracked changes in their pedometer steps over the course of the

on

study via graphical and tabular feedback (at least once every 7 days for

behaviour

5 weeks)

Social

Users received feedback relating to how their pedometer steps

comparison

compared to others (at least once every 7 days for 5 weeks). This
was presented in the form of a league table.

Healthy Eating Interventions

Anderson et al (2001)
Intervention description: this intervention aimed to encourage users to decrease dietary fat
and increase fruit, vegetables and fibre in their food purchases and consumption. Booths,
containing computers hosting the intervention, were situated within supermarkets. The
intervention consisted of 15 weekly segments containing pictures, graphics and audio, and the
provision of food coupons to be used in the supermarket to buy healthy foods (nature/value of
coupon was dependant on the focus of the weekly segment). Vouchers could be printed in the
booth and redeemed within one week of printing.
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Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Computer/television

DVD

BCT name

Practical strategies

Goal

The intervention ‘provided opportunities for personalised goal

setting

setting’

number
1.1

(behaviour)
2.3

Self-

Each segment ‘provided prescriptive information, suggested

monitoring

strategies for monitoring and planning food purchases and meal

of

preparation’

behaviour
4.1

Instruction

Strategies for monitoring and planning food purchases and meal

on how to

preparation were provided

perform
behaviour
10.1

Material

Targeted food coupons were provided; type, order, and value of these

incentive

coupons was dependent on the programme segment’s content, a
products cost, and a weekly coupon allocation

Cook et al (2007)
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Intervention description: this was a workplace intervention (‘Health Connection’) delivered
via a website. Graphics, audio and video were used to provide ‘information and guidance’ on
three health topics: stress management, nutrition/weight management, and physical activity.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategies

1.1

Goal setting

Goals are set based on personal assessment information

1.2

Problem

Includes a printable ‘tracker’ for tracking obstacles and strategies

solving

that work

Action

Interactive daily meal planning exercises

number

1.4

planning
2.1

Monitoring of

An interactive assessment of daily calorie and fat intake

behaviours by
others without
feedback
2.3

Self-

A printable smart goal planner and progress tracker

monitoring of
behaviour
4.1

Instruction on

Tips for making healthy choices (protein, fats, beverages),
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5.3

how to

information and training in reading nutritional facts labels and

perform the

ingredients lists, food shopping strategies and tips, tips for cutting

behaviour

down on alcohol use

Information

Video testimonials highlighting the benefits of good nutrition and

about social

weight management

and
environmental
consequences
6.1

Demonstration A demonstration of using the label to check fat content of foods is
of behaviour

provided
Video demonstrations of: planning ahead for healthy snacks,
refusing unwanted drinks or food, using portion control with
favourite rich foods, selecting the most healthful cooking method

8.2

Behaviour

Advice on replacing alcohol with positive alternatives

substitution
11.2

Reduce

‘Education and training in the 5 steps of effective stress

negative

management’

emotions

Irvine et al (2004)
Intervention description: A computer programme which aimed to reduce dietary fat
consumption and increase consumption of fruit and vegetables. Content (on-screen text and
videos) was tailored according to users’ gender, ethnicity, age and interest in content. It was
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made available to employees of two large organisations via temporary computer
workstations.

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Computer/television

DVD

BCT name

Practical strategies

Goal setting

Users were asked to identify which of the recommended

(behaviour)

behaviours they were not currently doing and to commit to

number
1.1

those which they would be willing to try in the next week
1.2

Problem solving

Users were asked to identify potential barriers to achieving
these weekly goals from a total of 24 potential barriers. For
chosen barriers, video models delivered short testimonial
describing how they overcame the selected barriers

1.9

Commitment

Users were asked to ‘commit’ to the behaviours that they are
willing to try in the next week

4.1

Instruction on

On screen text was used to present practical steps for how to

how to perform

perform the behaviours e.g. ‘add fruit & veggies when you

the behaviour

pack your lunch’
Video vignettes were used to model recommended eating
behaviours e.g. the fork-dip method, ordering low-fat menu
items
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The recipe section contained over 1500 low-fat recipes – users
selected different criteria for recipes and the ones meeting these
criteria were displayed and could be printed
5.1

Information

The importance and health benefits of eating less dietary fat

about health

were stressed

consequences
6.1

Demonstration of Video vignettes were used to model recommended eating
the behaviour

behaviours e.g. the fork-dip method, ordering low-fat menu
items

Keller et al (2018)

Intervention description: an intervention that aimed to increase fruit and vegetable
consumption. Via a website, users were presented with age and gender matched testimonials
by others who had successfully increased their fruit and vegetable consumption and
encouraged to focus on past success.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategy

Behaviour

Testimonial: ‘Until recently I was a real sweet tooth! Chocolate

number
8.2
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substitution

and cookies in the evening in front of the TV were just a must. I
then got the tip from a friend to simply replace sweets with fruit.
I'm always nibbling on grapes and dry fruits. Never thought how
delicious that is! If I can do that, you can do it!’

15.3

Focus on

Users were asked to recall their own experiences of success with

past success

fruit and veg by checking against some example statements or by
documenting their own success stories

15.4

Self-talk

Users were encouraged to generate a self-motivating phrase that
they could recall when being tempted to snack or otherwise
being unmotivated to eat fruit and veg

Smoking Interventions

Brendryen & Kraft (2008) and Brendryen et al (2008)
Intervention description: The intervention (‘Happy Ending’) is a 1-year smoking cessation
programme. The same intervention was examined in both studies. It has preparation, quitting
and follow-up phases during which content, messages and support differ. Access to a website
is prompted via email. Users are encouraged to call an Interactive Voice Response (IVR)
helpline during the quitting phase whenever they experience an urge to smoke (just-in-time
intervention). During this phase, users are additionally contacted by the IVR system daily and
prompted to report whether they have smoked; reports of smoking trigger relapse prevention
(a ‘therapy regimen’). Text messages are used to remind users to contact the IVR helpline
when needed.
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Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Unspecified

Email

Phone

Automated text

Phone

Interactive Voice
Response (IVR)1

1

IVR is not currently categorised within the Mode of Delivery of Behaviour Change

Interventions Taxonomy Version 0 (MoDTv0) (Carey et al., 20016) as a mode of delivery

BCT

BCT name

Practical strategies

Problem solving

Users were encouraged to make concrete ‘coping plans’

number
1.2

regarding how to stay smoke free in the immediate future
Automated IVR based ‘relapse prevention’ system is
incorporated in Happy Ending.
1.4

Action planning

Users are encouraged to make concrete ‘implementation
intentions’ regarding how to stay smoke free in the immediate
future
Users who have a ‘slip’ are encouraged to prepare an
‘implementation intention’ regarding how and when to resume
the quit attempt
Repeatedly encouraged to make a plan to call the hotline every
time they are tempted to have a cigarette

2.1

Monitoring of

Users’ were contacted every night by the IVR system and asked
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behaviour by

whether they had smoked during the day

others without
feedback
2.3

Self-monitoring

The preparation stage contains elements of behavioural skills

of behaviour

training. These consist of techniques related to the acquisition
of new skills, such as self-stopping, the use of substitutions,
self-monitoring and foresight

2.7

Feedback on

IVR message: today your blood pressure has been reduced to

outcome(s) of

that of a non-smoker

behaviour
3.1

Social support

The intervention contains an IVR based craving helpline. Users

(unspecified)

were instructed (repeatedly by text message) to call the helpline
every time they are tempted to have a cigarette.
Users were repeatedly encouraged via website messages to call
the IVR helpline when experiencing cravings

4.1

Instruction on

The preparation stage contains elements of ‘behavioural skills

how to perform

training’. These consist of techniques related to the acquisition

behaviour

of new skills, such as self-stopping, the use of substitutions,
self-monitoring and foresight

4.2

5.1

Information

Website message: ‘what it is that distinguishes your smoking

about

pattern? I often smoke… after a meal/ on the way to work/

antecedents

when I have a coffee break ….?’

Information

Each morning during the quitting phase, users receive a pre-

about health

recorded message via the IVR system about one of the short
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consequences

term positive consequences of quitting e.g. ‘today your blood
pressure has been reduced to that of a non-smoker’

5.5

8.2

10.4

Anticipated

IVR relapse prevention message: ‘How will you feel in a

regret

month’s time if you decide to start smoking again now?’

Behaviour

Website message: use some of the smoking breaks you used to

substitution

have at work to go for a brisk walk instead

Social reward

Website message: ‘you will see that you already have a much
improved overall state of health – congratulations’
Text message: ‘congrats - smoke free for a whole work week’
and, ‘Bravo – it’s now a full working week since you stopped’

11.1

Pharmacological Seven text messages are sent to users related to nicotine
support

replacement therapy (NRT); reminders are sent about obtaining
it, wearing it, and to use it regularly

11.2

12.1

13.2

Reduce negative

Users are encouraged to attribute a ‘slip’ to situational factors,

emotions

‘thereby preventing negative emotions and a full-blown relapse’

Restructuring

Website message: ‘clear away all ash tray and anything else that

the physical

remind you of smoking- look through drawers and cupboards,

environment

throw away anything you find’

Framing/ re-

Website messages: ‘even if you’ve had a few cigarettes it’s not

framing

a disaster’ and, ‘a slip up is no great catastrophe, look on any
slip up as a little step backwards before you continue ahead at
full speed’

15.1

Verbal

Email message: ‘your first weekend as a non-smoker is nearly

persuasion

here…. You won’t destroy it now by being careless this
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about capability

weekend … you are over the worst cravings and you will have
soon managed a whole week as a non-smoker’

Mavrot et al (2016)
Intervention description: this intervention (‘Coach’), designed for both current and former
smokers (both motivated and unmotivated to quit), aimed to increase smoking cessation and
prevent relapse. Website content is tailored and provides ‘counselling’ through personalised
messages (information, encouragement, advice, feedback).

Top level

Sub-level 1

Sub-level 2

Mode of delivery

Digital

Unspecified

Website

BCT

BCT

Practical strategies

number

name

2.7

Feedback

Users were able to view a personal web page with progress graphs

on

that provided a visual representation of change over time in the

behaviour levels of tobacco dependence, withdrawal symptoms motivation, and
self-efficacy

Powell et al (2016)
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Intervention description: A website designed to increase smoking cessation, containing audio,
video and on-screen text extracts of ex-smoker’s experiences of quitting smoking, organised
into topic groups. Users were able to navigate and browse content as they wished.

Mode of delivery

BCT

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

Practical strategies

number name
No unique BCTs were coded for this intervention

Sexual Behaviour Interventions

Bowen et al (2007)
Intervention description: A HIV risk-reduction intervention for men who have sex with men
(MSM). HIV prevention messages were conveyed through video conversations between an
HIV-positive man (‘expert’) and an HIV-negative man (‘inexperienced’; engaging in high
risk activities); dialogue was interspersed with interactive activities and graphics emphasising
key points.

Mode of delivery

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website
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BCT

BCT

Practical strategies

number name
4.1

Instruction The content focused on how the inexperienced man might maintain his
on how to

HIV-negative status, including safe sex options, condom types, and

perform

correct condom application

behaviour

Klein et al (2017)
Intervention description: a 2-hour long programme delivered within a sexual health setting.
Users could stop at any point, resume where they left off, and if they wanted to, repeat
already completed activities. Each session combines audio narration, visual presentations,
interactive components, games, and a series of soap opera-style videos.

Self-monitoring intervention

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategy

Goal setting

‘Think about it’ activity – for which goal setting is outcome

number
1.1

(behaviour)
1.2

Problem solving

Presentation on ways of getting past barriers to condom use,
communication strategies video, ‘excuses and comebacks
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game’
4.1

Instruction on

Interactive review of correct condom use steps; ‘Andrea

how to perform

demonstrates correct condom use’; ‘salsa dancing game:

behaviour

user negotiates each step of the encounter (sexual
communication) until the dance is complete’

4.2

5.1

5.2

Information

Unsafe sex triggers – video of workshop women discussing

about

their own unsafe sex triggers and then ‘what are your

antecedents

triggers’ exercise

Information

Consequences of risky sex = STIs; Interactive activity ‘you

about social and

and Ramon’- animated chart depicting how Ramon’s sexual

environmental

experiences translate into a larger sexual history than spans

consequences

nearly 100 people

Salience of

Interactive activity ‘you and Ramon’ - animated chart

consequences

depicting how Ramon’s sexual experiences translate into a
larger sexual history than spans nearly 100 people

6.1

Demonstration of Video demonstration of communication role play and of
behaviour

condom use: ‘Andrea demonstrates correct condom use’;
video of workshop women practicing putting on condoms
on penis proxies; video demo of communication role-play

8.1

Behaviour

Activity- Users negotiates each step of sexual encounter

practice/rehearsal until dance is complete; if he says/ you can say’ activitycommunication role-play activity
9.1

Credible source

Video of health educator Andrea demonstrating correct
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condom use
16.1

16.3

Imaginary

Exercise- visualise the impact of contracting HIV on

punishment

family, friends and their quality of life

Vicarious

Video of women’s experiences of contracting an STI

consequences

multiple times from their partners

Swartz et al (2011)
Intervention description: this intervention aimed to reduce unwanted pregnancy and sexually
transmitted infections (STIs) amongst middle-aged women. The website had five modules
and included on-screen text, animations, quizzes, and videos (including those presented by
midwife and testimonials from other women).

Mode of delivery

BCT

Top level

Sub-level 1

Sub-level 2

Digital

Unspecified

Website

BCT name

Practical strategies

Instruction on

The ‘talking to your partner’ module presents information and

how to

skill-building techniques for talking with sexual partners about

perform the

how best to initiate and conduct discussions regarding risk-

behaviour

reduction behaviours (e.g. changing contraceptive methods, using

number
4.1

condoms, or being tested for STI’s)
Tip sheets and video modelling are presented to help build
communication skills, and include a) effective communication
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with your health care provider b) helpful information to bring to
an appointment and c) sample questions to ask your health care
provider
5.1

6.1

Information

Information is presented on the benefits and limits of commonly

about health

used prevention strategies (e.g. condoms) in preventing specific

consequences

STI’s

Demonstration Tip sheets and video modelling are presented to help build
of behaviour

communication skills, and include a) effective communication
with your health care provider b) helpful information to bring to
an appointment and c) sample questions to ask your health care
provider
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Supplemental material 8: Forest plot for self-efficacy of automated digital interventions
versus no/usual treatment by behavioural domain
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Supplemental material 9: Risk of bias plots of ratings by domain and by study

Risk of bias ratings by domain
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Risk of bias ratings by study
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High risk of bias
Low risk of bias
Unclear risk of bias
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Supplemental material 10: PRISMA Checklist
Reported on
Section/topic

# Checklist item
page #

TITLE
Title

1 Identify the report as a systematic review, meta-analysis, or both.

1

2 Provide a structured summary including, as applicable: background; objectives; data sources; study

3

ABSTRACT
Structured summary

eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale

3 Describe the rationale for the review in the context of what is already known.

Objectives

4 Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

METHODS

4-7
7
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Protocol and registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available,

7

provide registration information including registration number.
Eligibility criteria

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years

7-8

considered, language, publication status) used as criteria for eligibility, giving rationale.
Information sources

7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to

8

identify additional studies) in the search and date last searched.
Search

8 Present full electronic search strategy for at least one database, including any limits used, such that it
could be repeated.

Study selection

9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if

Supplemental
material 2
9-10

applicable, included in the meta-analysis).
Data collection process

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any

10-13

processes for obtaining and confirming data from investigators.
Data items

11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.

10-13
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Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether

13

this was done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures

13 State the principal summary measures (e.g., risk ratio, difference in means).

13-14

Synthesis of results

14 Describe the methods of handling data and combining results of studies, if done, including measures of

13-14

consistency (e.g., I2) for each meta-analysis.
Risk of bias across studies

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias,

14

selective reporting within studies).
Additional analyses

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if

14-15

done, indicating which were pre-specified.
RESULTS
Study selection

17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.

Study characteristics

18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

10 (figure 1),
15-16
16-17,
Supplemental
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material 4-7
Risk of bias within studies

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

18,
supplemental
material 9

Results of individual
studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for

17 (Figure 2)

each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results

21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.

17

Risk of bias across studies

22 Present results of any assessment of risk of bias across studies (see Item 15).

18,
supplemental
material 9

Additional analysis

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see

17-18

Item 16]).
DISCUSSION
Summary of evidence

24 Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers, users, and policy makers).

18-19
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Limitations

25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete

24-25

retrieval of identified research, reporting bias).
Conclusions

26 Provide a general interpretation of the results in the context of other evidence, and implications for future

25-26

research.
FUNDING
Funding

27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of
funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097
For more information, visit: www.prisma-statement.org.
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