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Abstract

Behavior change interventions typically contain multiple poten-
tially active components: behavior change techniques (BCTs).
Identifying which specific BCTs or BCT combinations have the
potential to be effective for a given behavior in a given con-
text presents a major challenge. The aim of this study was to
review the methods that have been used to identify effective
BCTs for given behaviors in given contexts and evaluate their
strengths and limitations. A scoping review was conducted

of studies that had sought to identify effective BCTs. Articles
referring to “behavio(u)r change technique(s)” in the abstract/
text were located, and ones that involved identification of ef-
fective BCTs were selected. The methods reported were coded.
The methods were analyzed in general terms using “PASS” cri-
teria: Practicability (facility to apply the method appropriately),
Applicability (facility to generalize from findings to contexts and
populations of interest), Sensitivity (facility to identify effective
BCTs), and Specificity (facility to rule out ineffective BCTs). A
sample of 10% of the studies reviewed was then evaluated
using these criteria to assess how far the strengths and limi-
tations identified in principle were borne out in practice. One
hundred and thirty-five studies were identified. The methods
used in those studies were experimental manipulation of BCTs,
observational studies comparing outcomes in the presence or
absence of BCTs, meta-analyses of BCT comparisons, meta-re-
gressions evaluating effect sizes with and without specific BCTs,
reviews of BCTs found in effective interventions, and meta-clas-
sification and regression trees. The limitations of each method
meant that only weak conclusions could be drawn regarding the
effectiveness of specific BCTs or BCT combinations. Methods for
identifying effective BCTs linked to target behavior and context
all have important inherent limitations. A strategy needs to be
developed that can systematically combine the strengths of
the different methods and that can link these constructs in an
ontology of behavior change interventions.
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INTRODUCTION

The primary practical purpose of research into be-
havior change is the development of interventions
that will be effective, subject to other constraints
such as affordability [1, 2]. In doing so, one wants
to be able to draw on research findings that identify
behavior change techniques (BCTs) that, if enacted
appropriately, are most likely to effect the desired

Implications

Practice: When deciding what combination of
BCTs to use in an intervention, assessment of
likely effectiveness needs to be based on integra-
tion of findings across different methods; until a
formal method for doing this is developed, conclu-
sions need to be subject to major qualifications.

Policy: When considering components to include
in behavior change strategies, policymakers need
to combine evidence from the full range of meth-
ods available and make conclusions subject to
major caveats; given this uncertainty, monitoring
outcomes and adjusting policies in the light of ex-
perience are crucial.

Research: There is an urgent need to develop
formal methods for combining evidence from dif-
ferent types of evaluation to arrive at judgments
concerning the likely effect sizes of BCT combi-
nations tailored to target behavior and context;
this could benefit from organizing evidence using
an “ontology” of behavior change interventions.

change. This will depend not only on the behavioral
outcome but also on the ways the BCTs are deliv-
ered and the context. This paper reviews the meth-
ods that researchers have used to identify relevant
BCTs for use in behavior change interventions and
analyses their strengths and limitations specifically
for this purpose.

When characterizing the potentially active ingredi-
ents of a behavior change intervention, a distinction
can be made between the “content” of interventions
(their putative active components) and the way in
which they are delivered. Content can be character-
ized in terms of BCTs [3-7], defined as the smallest
identifiable components that in themselves have the
potential to change behavior [8]. BCT taxonomies
have been developed that provide a standardized
method of classifying intervention content [9]. In
Michie et al.’s [3, 9] taxonomy of BCTs, 93 BCTs,
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in 16 groupings, were distinguished addressing the
different potentially important targets of capability,
opportunity, and/or motivation [1, 2]. A key task in
behavioral science can be seen as understanding the
extent to which BCTs contribute to the effectiveness
of interventions of which they form a part.

In health care, behavior change interventions are
aimed at a range of behavioral outcomes: prevent-
ing and stopping people engaging in harmful or
risky behaviors (e.g., smoking), promoting engage-
ment with health protective behaviors (e.g., exercis-
ing or engaging with cancer screening programs),
switching from more harmful to less harmful forms
of a behavior (e.g., reducing excessive drinking or
excessive speed while driving), promoting effective
use of health care interventions (e.g., improving
medication adherence), and promoting effective
selfmanagement of diseases (e.g., monitoring
blood glucose concentrations). Interventions aimed
at changing health professional behaviors can in-
volve the following: ensuring that those working
in health care follow evidence-based guidelines
(e.g., in reducing antibiotic prescribing, improving
hand hygiene) or improving the way that they fol-
low procedures (e.g., when administering drugs or
making diagnoses). In all of these cases, the theory
and practice of behavior change can be improved
by conducting interventions and assessing their
effects. Specifying the content of behavior change
interventions in terms of BCTs enables the identi-
fication of potentially effective components within
complex interventions, both in primary research
(e.g., [10-12]) and in evidence syntheses in system-
atic literature reviews (e.g., [13—-16]).

Factors that complicate the process of identifying
effective specific BCTs or BCT combinations in-
clude the following: (a) the effect of a single BCT
may be very small, (b) many BCTs typically occur
together in a given intervention, (c) BCTs may
interact with each other to amplify or reduce effect-
iveness, (d) effectiveness of BCT depend on how
they are delivered, (e) effectiveness may depend on
specific features that are not captured by the BCT
classification being used, and (f) all the preceding
may vary across context (population and setting).
Complicating matters further, methods of identify-
ing effective BCTs that involve synthesizing findings
across studies depend critically on accurate and
complete descriptions of interventions, the target
populations and settings, and use of comparable be-
havioral outcomes.

Despite this, there is evidence that the task is tract-
able. For example, it has been possible to identify
BCTsinvolved in behavioral support for smoking ces-
sation that have been associated with higher success
rates of local stop smoking services in England [17].
This has formed the basis for guidance on service
provision and learning objectives in training courses,
and the use of this guidance and training has been
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found to be associated with increased success rates
[18]. Progress in behavioral science and its applica-
tion depends on the success of this kind of exercise.
Without it, we cannot build generalizable knowledge
or create new interventions that have a high likeli-
hood of success. There have also been developments
in linking the key constructs of behavior change
interventions (BCTs, their mode of delivery, mech-
anisms of action, target behavior and context) into
what is known as an ontology of behavior change
interventions [19]. Linking constructs into one know-
ledge structure recognizes that BCTs may be differ-
entially effective according to their mode of delivery,
type of target behavior and context.

An informal assessment of the research litera-
ture shows that methods that are used to estab-
lish effectiveness of complete behavior change
interventions are also often used to identify ef-
fective BCTs. In terms of primary studies, these
include randomized controlled trials (RCTs) and
comparative observational studies. In terms of
evidence synthesis, they include meta-analyses.
Other methods are also used such as meta-regres-
sions. How far these methods can be successfully
applied to identifying effective BCTs is not clear,
however. We set out to establish what methods
had been used and to analyze their strengths
and limitations. The task is different from that of
identifying effective interventions for the reasons
given above. The task is essentially an identifi-
cation problem in a complex environment with
limited resources. We can therefore draw on
concepts from signal detection theory [20] and
applied research methodology [21] for criteria to
use in evaluating the methods. We propose that
these can be distilled to what may be termed the
“PASS” criteria:

1. Practicability: How well can the method achieve the
desired objectives within available time and resource
constraints?

2. Applicability: How well does the method allow gener-
alization to populations and settings of interest?

3. Sensitivity: How well suited is the method to picking
up potentially effective BCTs for a given behavior and
context if these are present?

4. Specificity: How well does the method identify BCTs that

will not be effective for a given behavior and context?

This paper aimed to review methods used to iden-
tify effective BCTs or BCT combinations and ana-
lyze their strengths and limitations according to the
above criteria.

METHOD

Identification of articles
We searched the electronic databases Web of
Science, PubMed, and PsycInfo using the search
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term <behavio*r change technique*> up to end of
February 2015. Titles and abstracts were screened,
and articles were selected for full-text analysis if
they were written in English and contained a quan-
titative evaluation of the effectiveness of individual
BCTs or specific BCT combinations within inter-
ventions aimed at changing health behavior. The
process involved initial screening by K.S. and C.G.,
following which articles were identified and selected
in consultation with S.M. and R.W. See Fig. 1 for
a flowchart showing the process of study identifica-
tion. The goal was not to find every BCT evaluation
that had been conducted but to have reasonable
confidence that the different methods used had
been canvassed and to have a general indication as
to their relative frequency of use.

Coding of methods for identifying effective BCTs

An initial coding frame was developed, informed
by the BCT evaluation methods identified in the
literature reviewed by the UK’s National Institute
for Health and Social Care Excellence (NICE) in
developing its guidance on behavior change [22].
Evaluation methods coded were as follows: experi-
mental manipulation of BCTs including RCTs, ob-
servational studies comparing interventions with or
without targeted BCTs, meta-analyses of compar-
isons of BCTs, metaregressions assessing relative
effect sizes of interventions with or without specific
BCTs, and characterizing effective interventions in
terms of their BCTs. An additional category was
identified and added during the course of the cur-
rent review: meta-classification and regression trees
(CART). Studies were each assigned to one evalu-
ation method category by K.S. and C.G. in consult-
ation with S.M. and R.-W.

Analysis of the strengths and limitations of the methods
The authors first engaged in a process of identify-
ing in broad terms the strengths and limitations of

1199 citations identified using
the search term <behavio*r
change technique*>

the methods found in the review, specifically for the
task of identifying potentially effective BCTs for par-
ticular behaviors in particular contexts, using the
PASS criteria set out earlier. The process of analyz-
ing strengths and limitations of the methods involved
complex judgments, combining a range of factors.
The PASS criteria were designed to provide a frame-
work for judgments about strengths and limitations,
but a degree of subjectivity was unavoidable. A 10%
of the studies were selected for detailed analysis to
assess how far these strengths and limitations were
manifest in that study. Each study was given a rating
on sensitivity, specificity, and applicability from 1 to
3 by aresearcher (HKU) in terms of how satisfactory
the method had proved (1 = unsatisfactory, 2 = mar-
ginally satisfactory, 3 = satisfactory). The study was
also rated from 1 to 3 in terms of practicability of
replication bearing in mind the time and resources
required (1 = impracticable, 2 = marginally practic-
able, 3 = practicable). The results were checked by
R.W., and minor modifications were made.

RESULTS

Evaluation methods used

Of the 913 studies identified by our search, 135
met our inclusion criteria, reported in 140 articles.
Of the excluded studies, 136 were irrelevant to the
topic of this review, and 642 were relevant to be-
havior change but did not include an assessment of
the effectiveness of BCTs. The latter included 24 re-
view articles that had used a taxonomy of BCTs to
code intervention content regardless of effectiveness
and 37 study protocols or intervention development
articles.

Table 1 shows the methods found in the review
to investigate effectiveness and the number of stud-
ies that used each method. References to studies
categorized as using each method can be found in
the online Supplementary Material. As might be
expected, the most commonly used method was

275 duplicates removed

924 articles, reporting on 913
studies, screened for inclusion

778 studies (784 articles)
excluded:

e 136 irrelevant to topic of

135 studies (reported in 140
articles) included in review

review

e 642 did not include
quantitative evaluation
of BCTs

Fig. 1 | Flow chart for identification of studies
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Table 1 | Methods used to evaluate effectiveness of behavior change techniques (BCTs)

Total number of
references included

Evaluation in the review
method What it involves Strengths and limitations using PASS criteria (Supplementary File)
Experiments Adding or removingone  P: Only feasible for evaluating small numbers of BCTs at any 73

(including or more BCTs under ex- one time; resources required for adequately powered stud-

RCTs); For ex- perimenter control and ies can be prohibitive; ethical and pragmatic barriers are

ample, provid- looking for differences often insuperable; timescales tend to be long (usually 3 or

ing feedback in effectiveness. more years for experiments involving important outcomes).

on expired air A: Generalization beyond the study population and setting is

carbon mon- often problematic, particularly where informed consent is

oxide concen-
trations to aid

required and/or recruitment is low.
Se: Where effects are found, can provide confidence in attrib-

smoking ces- uting these to BCTs, but this is still problematic when there
sation (Shahab is a loss to follow-up, differential uptake of the interven-
etal,2011). tion, or potential bias in the measurement of outcomes.

Sp: Inability to detect effects may be due to a wide range of fac-
tors other than ineffective BCT(s), including low power, inad-
equate delivery of the BCT(s), and low measurement accuracy.

Comparative Using naturally occurring ~ P: Can be very cost effective if data are already available or 4
observational variation in clinical or can be recorded as part of routine care; completeness and
studies; For ex-  public health practicein ~ accuracy of data collection are often low; rely on naturally
ample, identifi- inclusion of BCTs and occurring variation in use of BCTs; fidelity of delivery of
cation of BCTs outcomes to identify BCTs may be low or unknown.
associated associations between  A: Can involve “real-world” settings and populations making
with higher BCT inclusion and inter- ~ generalization less problematic.
success rates vention effectiveness.  Se: Can make use of very large data sets increasing potential
of stop smok- sensitivity; number of permutations of BCTs may under-
ing services in mine detection of interactions; susceptible to high bias and
England (West error of outcome measurement.
etal, 2010). Sp: Causality has to be inferred (usually by statistical adjustment

for potential confounding variables such as mode of delivery,
setting, population, and other BCTs); can result in high false
positive rate where multiple BCTs are being considered.

P: Can be conducted within a few months at relatively low 16

Meta-analyses of  Statistically pooling the

experimental results or two or more cost compared with empirical studies; often there are too
studies; For experiments evaluating  few studies that are sufficiently similar in terms of inter-
example, im- one or more BCTs as ventions and methodology; studies mostly involve testing
plementation above. packages of BCTs.

intentions as A: Can provide confidence about generalizability across spe-

actions plans
to promote be-

cific contexts; generalization of findings is still constrained
by contextual factors of the studies included.

havior change Se: When there are enough high-quality studies, they can
(Gollwitzer provide a high level of confidence in effectiveness of BCTs
& Sheeran, and provide robust effect size estimates.

2006). Sp: Can be biased by failure of researchers to report negative
findings; fidelity of delivery of BCTs may be low or un-
known or variable.

P: Can be conducted within a few months at relatively low cost 9

Meta-regressions; Identifying inclusion

page 4 of 13

For example, versus exclusion of compared with empirical studies; often there are too few stud-
identification BCTs or their com- ies that are sufficiently similar in terms of interventions and
of self-mon- binations as moder- methodology; studies mostly involve testing packages of BCTs;
itoring, goal ators of effect sizes interventions and controls are often not described well enough
setting, and in meta-analyses of to be able to identify BCTs and important contextual factors.
actions plan as multi-component A: Can provide confidence about generalizability across spe-
effective BCTs interventions. cific contexts; generalization of findings is still constrained
in promoting by contextual factors of the studies included.
physical ac- Se: May detect effects that are too small to be picked up in
tivity and individual studies; rely on large number of studies that vary
healthy eating in use of BCTs in intervention and control condition; appar-
(Michie et al., ent BCT effects may be due to other study features.
2009). Sp: Failure to detect effects may be due to a large number of
factors in the contributing studies too little variation in BCT
use across studies.
(Continued)
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Table 1 | Continued

Total number of
references included

Evaluation in the review
method What it involves Strengths and limitations using PASS criteria (Supplementary File)
Meta-CART A set of computational P: Can be conducted within a few months at relatively low 1
(Classification learning methods that cost compared with empirical studies; often there are too
and Regression  produce either “classifi- few studies that are sufficiently similar in terms of inter-
Trees) cation” or “regression” ventions and methodology; studies mostly involve testing
(Dusseldorp trees, depending on packages of BCTs; interventions and controls are often not
etal, 2014). whether the dependent  described well enough to be able to identify BCTs and im-
variable is categorical portant contextual factors.
or numeric, respect- A: Can provide confidence about generalizability across spe-
ively. Starting with cific contexts; generalization of findings is still constrained
a “root” node, the by contextual factors of the studies included.
sample is partitioned Se: Well suited for testing BCT interactions; susceptible to
successively to create a false positives; apparent BCT effects may be due to other
branching tree of nodes  study features.
with each branch termi-  Sp: Only able to detect a small proportion of BCT interactions
nating in a “leaf”, which  that might be effective without extremely large numbers
is the subsample that of studies.
differs maximally from
other subsamples on
the dependent variable.
Characterizing Identifying BCTs included  P: Relatively inexpensive and can be undertaken in a few 32
effective in interventions found months; relies on accurate characterization of BCTs in inter-
interventions; to be effective in RCTs vention conditions.

For example, May vary inimplementa-  A: Can provide confidence about generalizability across spe-

identifying tion from inclusion of cific contexts; generalization of findings is still constrained
BCTs included BCTs that are present by contextual factors of the studies included.

in effective in at least one ef- Se: High probability of picking up BCTs that are effective
behavioral fective intervention to among those that are frequently tested but unable to dif-
support inter- those that have been ferentiate ones that are less effective from those that are
ventions for present in all effective tested less often.

smoking ces- interventions. Sp: Likely to include BCTs that are ineffective but included as
sation (Michie, part of intervention packages.

Churchill &

West, 2011).

BC75 behavior change techniques; £C75 randomized controlled trials; 2 Practicability; 4 Applicability; .Sz Sensitivity; .S Specificity.

the use of individual empirical studies. However,
studies characterizing what had been found to be
effective interventions in terms of their component
BCTs, meta-analyses, and meta-regressions were
also common. Comparative observational studies
were rare and only one example was found of use
of meta-CART.

Strengths and limitations of evaluation methods used
Table 1 summarizes an analysis of strengths and
limitations of the different methods using the steps
described above.

Individual experimental studies can provide the
strongest indication of causal relationship between
specific BCTs or BCT combinations and effect
sizes in a given set of circumstances, at least when
there are no biasing factors such as loss to follow-up.
However, this approach has major limitations. It is
not feasible when comparing large numbers of indi-
vidual BCTs or their combinations. Expected effect
sizes of individual BCTs are usually small, so large

sample sizes are required for adequate power and,
even with factorial or fractionated factorial designs,
the resources needed to undertake such experiments
are typically prohibitive [23, 24]. Generalization be-
yond the specific circumstance is likely to be lim-
ited. Effectiveness is influenced by implementation
fidelity, which is often low [25, 26]. Ethical and prac-
tical considerations often preclude random alloca-
tion of participants to experimental and comparison
conditions [25, 27].

By examining naturally occurring covariation,
comparative observational studies avoid many of the
problems with experimental studies, such as ethical
and practical constraints in randomly allocating par-
ticipants to conditions. Because they do not involve
setting up interventions, but rather record inputs,
processes and outcomes for interventions that are al-
ready in existence are typically much less expensive
to run. Where there is naturally occurring variation
within very large regional or national programs,
they can involve large number of participants and
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thus have power to detect small effect sizes [17, 28].
They typically involve interventions that are being
delivered in the real world where fidelity is likely
to be lower than in experimental studies. Their key
limitation is in the confidence with which effects can
be ascribed to BCTs. This can be addressed to some
degree by statistical adjustment for potential con-
founding variables and establishing that factors that
determine application of different BCTs to different
members of the target group are not likely to be
confounded with outcome. In addition, the quality
of data is often lower than in experimental studies,
with large amounts of missing data and measures
that are poorly applied [29]. This can add both to
random error and bias.

Meta-analyses of experimental studies can pro-
vide generalizable conclusions with a high degree
of confidence in causal inference but are limited
by all the factors that limit the studies that con-
tribute to them and several others in addition [30,
31]. Firstly, the approach is limited by the viability
of assumptions underpinning the aggregation of
data from those studies. For example, if a category
of target behavior is chosen that is heterogeneous
with regard to effectiveness of BCTs, it will produce
misleading results. Equally important, a given cat-
egory of BCT may be implemented very differently
in one study versus another. Secondly, the approach
is limited by the quality of the studies contributing
to the meta-analyses and the difficulties in taking
account of variations in methodological quality. The
common approach of assigning a quality score and
weighting studies accordingly can fail to remedy this
because specific deficiencies can fatally undermine
a study while only reducing its score by a certain
amount. Thirdly, the approach is limited by the
small number of relevant experimental studies [32].

Meta-regressions allow pooling of data from ex-
perimental studies to draw conclusions about associ-
ations between BCTs included in interventions and
effect size. Their main strength is in the ability to
aggregate data over many different studies to find
patterns of association [16, 33]. A major limitation is
that when comparing effect sizes across studies, one
is moving from an experimental to a correlational
design. This means that there may be unmeasured
confounding that accounts for associations observed
(such as variations in combinations of BCTs, mode
of delivery, population and setting) [34]. Another
important limitation is that meta-regressions are re-
liant on descriptions of the key variables. Yet, there
is good evidence that published descriptions of
intervention and control conditions are very incom-
plete [34, 35]. A third limitation is that one requires
a large number of studies and sufficient variation
among the studies in terms of intervention compo-
nents and effect sizes in order to have a chance of
detecting relevant associations [36]. When it comes
to assessing the effect of combinations of BCTs, it
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is imperative to identify in advance what combina-
tions would be expected to yield what effects. This
requires use of sound theoretical principles to avoid
arriving at misleading conclusions [14, 37]. The most
commonly used evaluation method is to identify
BCTs present in interventions found to be effective
in RCTs. This has the merit of providing a basis for
developing intervention manuals or prescriptions in
the future, where the intervention package can be
assumed to yield an effect similar to what has been
achieved in RCTs. However, it also runs the risk of
including BCTs that do not add to effectiveness but
happen to be included in effective interventions.
A second limitation is that it does not permit rela-
tive effectiveness of BCTs to be assessed. Thirdly,
it does not provide a basis for evaluating different
BCT combinations.

Meta-CART has the potential to evaluate cir-
cumstance-sensitive effectiveness of BCTs and
BCT combinations [38]. It uses what is essentially
a correlational design similar to meta-regression but
searches for regressions in particular substrata of the
data set of interest, recognizing that some BCTs or
BCT combinations may be effective in some circum-
stances but not in others. The obvious strength of
this approach is that it allows for heterogeneity of
BCT effectiveness. The major limitation is that it
requires very large samples and many studies var-
ying in important ways to be able to detect these
effects reliably. It will be very rare that there are
sufficient studies for associations to meet standard
criteria of statistical significance.

Characterizing interventions found to be effective
in terms of their BCTs have the key advantage that
it is likely to include BCTs that have the potential to
be effective but suffers from the key limitation that
it may also include large numbers of BCTs that do
not contribute to effectiveness but are frequently
included in intervention packages.

A sample of 10% (7 = 13) of the studies was evalu-
ated using the PASS criteria. Table 2 is an example
that shows the PASS analysis results of the studies
evaluated in the review. It is important to note that
the ratings were not judgments of the quality of the
studies but of the extent to which the studies would
allow confident conclusions about the effectiveness
or otherwise of specific BCTs or BCT combinations.
This analysis produced results that were consistent
with the more general analysis of the strengths and
limitations of the different methods. Only weak con-
clusions about BCT effectiveness could be drawn
from the studies.

Discussion

In this scoping review, the most commonly used
method was to assess the effectiveness of specific
BCTs or BCT combinations in experimental studies.
Reviews that characterized the content of effective
interventions in terms of their BCTs were also quite

TBM
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common. Analysis of the potential of different meth-
ods to identify effective BCTs relevant to specific
behaviors and contexts suggested that all had im-
portant limitations. This was borne out by applying
the criteria of practicability, applicability, sensitivity,
and specificity to a sample of the studies in the review.

Since none of the methods adopted appear to be
able, in themselves, to provide a high degree of con-
fidence on BCT effectiveness applied to particular
behaviors and contexts, the question arises as how
to arrive at an agpropriate level of confidence mak-
ing use of all the evidence available. A method for
doing this should enable a statement of the follow-
ing kind: “In (an intervention type, including mode
of delivery and specific implementation) for (target
population and setting) seeking to achieve (behav-
ioral objective), there is (x degree of confidence)
that inclusion of (BCT or BCT combination) will
increase (a measure of intervention outcome) by
(amount) compared with (not including it/including
another BCT or BCT combination).” An example
would be as follows: “In an interactive website for
UK smokers making a quit attempt, there is 95% con-
fidence that rewarding users’ claims of abstinence
from smoking with praise will increase 12-month
continuous abstinence rates by at least 0.1% com-
pared with not doing so.”

The confidence rating at the heart of these kinds
of statements is a subjective confidence arrived at
from statistical analyses coupled with judgments
based on inference. It is apparent from the findings
of this review that judgment will always be required,
both for evaluating study quality and for evaluating
relevance. Therefore, direct transposition of statis-
tical confidence intervals around effect sizes in stud-
ies will never be sufficient. An example of this is that
more than 100 high-quality RCTs find that nicotine
replacement therapy increases 6-month continuous
abstinence rates in smokers making a quit attempts
by 60% compared with placebo, with the 95% con-
fidence interval of the meta-analysis ranging from
50% to 70% [39]. However, comparative observa-
tional studies find no benefit when smokers use nico-
tine replacement therapy bought from a pharmacy
or general store as opposed to obtaining it from a
health professional [40]. Generalization beyond
study populations and settings is always required
and, therefore, so is judgment.

Given the findings of this review, the question
arises as to how to combine evidence most effi-
ciently to arrive at appropriate levels of subjective
confidence for the particular behavior, mode, popu-
lation and setting. As a starting point for this, the fol-
lowing sequence may be considered when assessing
the effectiveness of specific BCTs in a given context
for a given behavioral outcome:

1. Search for all studies that have used the BCT or BCT
combination concerned for the type of behavior of

interest, including the full range of methods identified

in this review
2. For each study (including reviews),

(a) record the effect sizes and confidence intervals
where these are available

(b) record the specific outcome measures, features of
delivery, target populations and settings.

(c) record all available evidence on implementation of
the BCT/BCT combination, including the specific
way it is implemented and any measures of fidelity

(d) record information that is relevant to a judgment
of bias, including conflict of interest statements of
authors and study selection or publication bias

3. Starting with the most comprehensively relevant study

(e.g., a review where all the features are closest to

the specific behavior, mode, population and setting

at issue), form a subjective judgment as to the range
within which the effect size is likely to lie with what
would be considered an acceptable level of subjective
confidence (e.g., 95%), taking into account the need to
generalize.

4. Then, iteratively update that range with successive
studies, weighting each study according to relevance
and confidence in its findings.

In essence, this approach follows Bayesian princi-
ples of establishing an initial level of confidence in
a hypothesis and then updating this incrementally
with new information [41]. The extent to which the
new information changes the subjective confidence
depends on the strength of evidence and its rele-
vance. Strength of evidence will depend on aspects
of study design, execution, and reporting. Relevance
will depend on how closely the BCT/BCT combin-
ation, behavioral outcome, features of delivery,
population studied, and setting match those to
which one wishes to generalize. Formal methods of
arriving at and updating subjective confidence have
been used in other areas of policy making [42], and
it could be useful to examine how far they could be
applied here.

The process being proposed should be consid-
ered as ongoing, and it is worth considering how to
manage it. The current system of scientific reporting
is not well suited to this process since it treats stud-
ies in isolation. Even systematic reviews are treated
as isolated studies rather than as a process of know-
ledge accumulation. Scientific papers are currently
written as semi-structured narratives relating to a set
of research questions. The absence of a coherent,
systematic structure linking the studies together
creates a dislocation between studies that impedes
the efficient accumulation of evidence. Moreover,
even with reporting standards such as CONSORT
[43] and TIDieR [44], there remain crucial pieces
of information that are typically not reported or are
reported in a way that does not permit the infor-
mation to be used in the knowledge accumulation
process. The upcoming CONSORT extension on
psychological and social interventions [45] will miti-
gate this problem, but there will still be important
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gaps. One important piece of information is the
extent to which BCTs are delivered as planned, in
terms of both extent and quality. We know from
studies investigating behavioral support for smoking
cessation and physical activity that fidelity of de-
livery of BCTs can be poor with often fewer than
50% of BCTs in intervention protocols delivered
in practice [46-49]. This is compounded by the
problem of selective reporting of intervention proto-
cols in published reports with an analysis of studies
synthesized in Cochrane reviews of behavioral sup-
port for smoking cessation finding that fewer than
50% of protocol-specified BCTs were reported in the
published article [50]. Thus, one can see that there
is a possibility that a different set of BCTs may be
delivered in practice than are reported in the pub-
lished article, with devastating consequences for
the reliability of evidence syntheses (for a broader
discussion of these issues, please see a discussion in
Health Psychology Review, e.g [51-53].).

In terms of quality of BCTs delivered, BCTs
may be delivered wholly or in part. This has been
acknowledged in the coding scheme developed by
Michie et al. in which BCTs were coded ‘++’ if the
BCT was judged to be present beyond all reason-
able doubt, with clear evidence available and ‘+ if
they were present in all probability but the evidence
was not clear [9]. This distinction has been observed
both in coding written materials (e.g., intervention
protocols and manuals and published reports) and
in recorded intervention sessions (e.g., audiotape
recordings). An example of the latter is the quality
of delivering “goal setting” in behavioral support
for smoking cessation [54]. Analysis of session tran-
scripts showed a large variation in how advisers
enacted the protocol concerning setting a quit date,
from which a reliable 10-item scale of the quality of
delivery of this BCT was developed. Applying this
to 85 transcribed behavioral support sessions found
that higher quality goal setting increased reported
quit attempts (# < .001; OR = 2.60, 95% CI: 1.54 -
4.40) and that the scale components “set a clear quit
date” (¢ (2, /V = 85) = 22.3, p < .001) and “within
an appropriate timeframe” (X2 (2, N = 85) = 15.5,
p < .001) were independently associated with quit
attempts. Although this method has been applied
for only one of the 93 BCTs, it demonstrates the
utility of pursuing this line of research.

To more fully understand the association between
the effects of BCTs on behavior, it is necessary to
codify knowledge about other aspects of behavior
change interventions and include this in analyses of
BCT effectiveness. One approach to the process of
accumulating knowledge in this area is to construct
an “ontology.” Ontologies are sets of elements or
constructs and relationships between them which
codify our collective knowledge, reflect consensus
on concepts, terms, relationships, and specify and
formalize them. Such relationships can be anything
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from semantic to causal. In the case of making judg-
ments about effectiveness of BCTs/BCT combina-
tions, each new piece of information could update
an ontology expressing confidence about effect size
for specified behavioral targets when implemented
in specified ways, using particular modes of delivery
to given target populations in defined settings. Such
a “behavior change ontology” could also link BCTs
to a set of mechanisms of action and a set of theories
[55].

We have begun the work of extending the BCT
taxonomy to build a more elaborated “Behavior
Change Intervention Ontology.” This is a concep-
tual structure for systematically representing, sorting
and linking the “elements” of behavior change inter-
ventions, that is, the content, features of delivery,
target behavior, setting, and mechanism of action
with effect sizes. It brings these pieces together into
a framework that can encourage commonality of
conceptualization and terminology across the scien-
tific community and guide the generation, access,
and application of evidence to answer the question
“What works, how well, for whom, in what settings,
for what behaviors, and why?”

We show the top level of such an ontology, speci-
fying key elements and their relationships in Fig. 2
[56]. It should be noted that this ontology has been
developed as a method for organizing evidence
about behavior change interventions rather than as
a representation of behavior in context in real time.
For this purpose, additional parameters and feed-
back loops would need to be added to represent the
temporal dimension. The Human Behavior Change
project (www.humanbehaviourchange.org), a 4-year
collaboration between behavioral, computer, and
information scientists, is building the Behavior
Change Intervention Ontology building on current
work by Michie et al. [57]. Intervention content has
been specified in terms of 93 BCTs within 16 group-
ings [3, 9]. A taxonomy of modes of delivery has
been developed with 39 items at 4 levels; it is cur-
rently undergoing expert validation. A simple classi-
fication of mechanisms of action drawn from theory
has been developed in a multidisciplinary consensus
exercise to give an integrative framework of 14
domains of theoretical constructs, the Theoretical
Domains Framework [58, 59]. A much more ambi-
tious project is currently underway to organize the
>1,700 theoretical constructs from 83 theories iden-
tified in a multidisciplinary literature review of be-
havior change theories [60, 61]. These theories had
a mean of 21 constructs, ranging from 5 to 84, with
many being the same as or similar to those in other
theories. The task of defining these constructs, and
the relationships between them, within and across
theories, is in progress. The current structure of
types of mechanisms of action across theories has 3
levels of hierarchy within 14 domains [56]. Within
theories, we have identified 14 possible relationships

TBM
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Exposure
(Reach+
Engagement)

Intervention
(Content+
Delivery)

Mechanisms
of action

SYSTEMATIC REVIEW

Context
(Population+
Setting)

Behaviour

Fig. 2 | Ontology of behavior change interventions[64]Note: The diagram represents how features of an intervention (its content and the
way that the content is delivered) interact with context (the features of the target population and the setting) and features of the target
behavior and its measurement to produce a particular effect size. The above features are moderated and mediated by exposure and mech-

anisms of action, respectively.

between constructs; these have been converted into
diagrammatic specification, which is machine read-
able, and we are working with computer scientists to
investigate extracting from these data one or more
“canonical” theories to encapsulate the overlaps
across the 83 theories.

The links between BCTs and frequently identi-
fied mechanisms of action are being investigated in
a cross-disciplinary, international project funded by
the UK’s Medical Research Council, described in a
published protocol paper [62]. We are collaborating
in a project, led by Kai Larsen, to develop a tax-
onomy of behaviors, which takes as a starting point
the World Health Organization’s International
Classification of Functioning [63].This is a mam-
moth undertaking, requiring expertise from both
behavioral and computer sciences to build such
an ontology to make sense of the vast and rapidly
accelerating volume of published relevant litera-
ture. However, like an encyclopedia, it would have
the considerable benefit of becoming useful almost
immediately and gradually increasing in value as it
grew. By linking with machine learning, it has the
potential to efficiently and effectively harness evi-
dence in real time, support the rapid testing and
refinement of theories, and make evidence useable
and useful to researchers, practitioners, and policy-
makers. The Human Behavior Change Project will
develop shared concepts, terms, and relationships
between those concepts to precisely specify not just
the content of behavioral interventions (BCTs) but
all the mediators and moderators that will allow
us to understand their effects on behaviors, speci-
fied at different levels of granularity. In this way, it
will revolutionize our ability to synthesize evidence
about behavior change in real time and to generate
new insights about behavior change. It will include a
searchable, up-to-date database of evidence that will

allow people to design and implement the best pos-
sible behavioral intervention for their circumstances.
To take us back to the focus of this paper, we can
conclude that research evaluating the effectiveness
of BCTs/BCT combinations uses a range of ex-
perimental and observational methods, each with
strengths and limitations. Making judgments of the
effectiveness of a BCT/BCT combination for a given
behavior, delivered in a particular way, to a given
target population in a given setting requires syn-
thesis of information from diverse sources to arrive
at a subjective confidence estimate. A process for
achieving this is proposed together with a paradigm
shift in the way research in this area is conducted,
reported, and synthesized. This is ambitious, but
given the importance of behavior change to the wel-
fare of the world’s population, it is worth putting
considerable resources into achieving it.

Supplementary Material
Supplementary material is available at Zrzznstational
Behavioral Medicine online.
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