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Abstract

Researchers, practitioners, and policymakers develop
interventions to change behavior based on their understanding
of how behavior change techniques (BCTs) impact the
determinants of behavior. A transparent, systematic, and
accessible method of linking BCTs with the processes through
which they change behavior (i.e., their mechanisms of action
[MoAs]) would advance the understanding of intervention
effects and improve theory and intervention development.
The purpose of this study is to triangulate evidence for
hypothesized BCT-MoA links obtained in two previous
studies and present the results in an interactive, online tool.
Two previous studies generated evidence on links between
56 BCTs and 26 MoAs based on their frequency in literature
synthesis and on expert consensus. Concordance between
the findings of the two studies was examined using multilevel
modeling. Uncertainties and differences between the two
studies were reconciled by 16 behavior change experts using
consensus development methods. The resulting evidence
was used to generate an online tool. The two studies showed
concordance for 25 of the 26 MoAs and agreement for 37
links and for 460 “nonlinks.” A further 55 links were resolved
by consensus (total of 92 [37 + 55] hypothesized BCT-MoA
links). Full data on 1,456 possible links was incorporated
into the online interactive Theory and Technique Tool (https://
theoryandtechniquetool.humanbehaviourchange.org/). This
triangulation of two distinct sources of evidence provides
guidance on how BCTs may affect the mechanisms that change
behavior and is available as a resource for behavior change
intervention designers, researchers and theorists, supporting
intervention design, research synthesis, and collaborative
research.
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INTRODUCTION

Behavior change interventions are the basis for ad-
dressing many current global health challenges.
Theoretical progress in behavioral science has iden-
tified key determinants of behavior and proposes
that behavior change is elicited by interventions that
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Implications

Practice: Behavior change intervention designers
can use the Theory and Technique Tool (TATT)
to select behavior change techniques (BCTs) for
inclusion based on expert evidence.

Policy: Policymakers involved in behavior
change can use the TATT to access resources, re-
quest advice, and identify BCTs relevant to the
changes they plan to implement.

Research: Future research can use the TATT to
identify links between BCTs and theoretical con-
structs, download and upload evidence, and en-
gage in discussion and collaborations.

alter these causal factors. These factors serve as the
“mechanisms of action” (MoAs) mediating the effect
of interventions on behavior change. In developing
an intervention to change behavior, the researcher
or practitioner typically has an explicit or implicit
theory about the MoAs affecting the behavior and
then seeks to incorporate techniques within their
intervention that will engage these mechanisms
and thereby the target behavior. There have been
advances in the transparency and reporting of inter-
vention methods, particularly in the specification of
behavior change techniques (BCTs), the active ingre-
dients of an intervention with the potential to change
behavior, in the 93-item BCT Taxonomy (BCTTv1)
[1-3]. Despite advances in specifying BCTs, investi-
gators are faced with making decisions about which
techniques to select. Further work is required to
facilitate the choice of BCTs for targeting specific
MoAs when designing interventions and to interpret
the theoretical significance of BCTs that are part of
effective interventions.

Evidence clarifying which BCTs might influence
which MoAs is likely to prove useful in the field of
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behavioral medicine by suggesting the techniques to
use in changing health-related behaviors. For example,
a practitioner wishing to reduce dentists’ prescribing
of antibiotic medications may seek very different
intervention techniques if they have evidence that the
dentists have the intention to reduce their prescribing
compared with the situation where they lack the inten-
tion: in the latter case, the proposed MoA would be
“intention,” and techniques would be selected that are
thought to increase intention, whereas, in the former
case, the MoA might be “memory,” “reinforcement,”
or “social influences,” and the practitioner would se-
lect quite different techniques.

Several approaches to intervention develop-
ment identify the need for guidance on links be-
tween BCTs and MoAs. In Intervention Mapping,
a key step following identification of determinants
is that the choice of behavior change methods to
address these determinants and proposed links are
provided [4]. Discussion of experimental medicine
approaches proposes tests of pathways from inter-
vention to behavior change through mediating
MoAs [5]. The National Institutes of Health (NIH)
Science of Behavior Change initiative aims to im-
prove the measurement of MoAs and is testing the
effect of changing MoAs [6,7]. These approaches re-
quire a methodology for linking MoAs to the BCTs
that are likely to produce change in the MoA and,
thereby, cause the target behavior to change. Given
the large number of possible MoAs and BCTs,
testing the mediating effect of all MoAs for each
BCT is unrealistic and probably an inefficient use of
resources. Here, we report studies designed to iden-
tify links between BCTs and MoAs that might be
“best-bets” for implementation in research, practice,
and policy. In two previous studies, we have identi-
fied and synthesized links made by authors in pub-
lished literature [8] and by expert consensus [9], but
further work is necessary to compare and reconcile
the findings of these two studies before making the
full evidence available to intervention designers, re-
searchers, and policymakers in an online tool.

Triangulation of the findings of these two pre-
vious studies is necessary for two reasons. First, it
is possible that the two studies provide conflicting
or diverging evidence, resulting in ambiguous guid-
ance for those wishing to implement the findings in
designing interventions. By triangulating the find-
ings, it is possible to identify the links supported in
both studies, giving the user more confidence in ap-
plying the resulting evidence. Second, scientifically,
triangulation of studies using different methods to
tackle the same question gives greater confidence
that the results obtained are not simply due to repe-
tition of biases and limitations in design, methods,
or analyses [10]. The literature synthesis presents
evidence of past thinking by a wide range of authors
engaged in the practical task of intervention devel-
opment, and evaluation, whereas the expert con-
sensus study represents current opinion by experts

engaged in an explicit BCT-MoA linking task
Furthermore, there were important methodological
differences between the two studies that limit the ex-
tent of possible concordance. The literature study
could have investigated any link that an author de-
scribed, resulting in more BCTs than it was feasible
to investigate in the consensus study.

Our approach was comprised of two steps. First,
concordance between the findings of the two studies
was investigated statistically to assess agreement
and, then, to identify links described consistently
by both methods. Second, inconclusive links from
the concordance study were examined in a recon-
ciliation study in which a new group of experts, re-
ferred to as “reconciliation experts,” were provided
with the evidence from the two previous studies and
asked to reconcile them. As suggested by Archibald
[11], it was important that this reconciliation should
be done by more than one or two researchers and
should go beyond the original research team.

Since the results are intended as a resource for
intervention development, evaluation, and syn-
thesis, all findings were made accessible in an on-
line tool that allows users to search for evidence of
linkage (for each BCT-MoA combination, for each
BCT, and for each MoA), share additional informa-
tion about the links, and propose collaborative re-
search into underinvestigated links.

STUDY 1: CONCORDANCE STUDY COMPARING THE
FINDINGS OF THE LITERATURE SYNTHESIS AND EXPERT
CONSENSUS STUDIES

Study design

The tables of BCT-MoA links produced by the two
previous studies were compared in order to (a) es-
timate agreement between the findings of the two
studies overall and for each MoA, (b) identify BCT-
MoA links where there was agreement, that is, links
that exceeded preset criteria in both the literature
synthesis and expert consensus studies as either
linked (frequent in literature; rated “definitely yes”
by experts) or not linked (rare in literature; rated
“definitely no” by experts), and c) identify links with
inconclusive results from the two studies for further
investigation in the reconciliation study.

Both the literature and consensus studies con-
sidered the same 26 MoAs. However, while the con-
sensus study focused on linkages with a subset of 61
BCTs, the literature study had the potential to con-
sider linkages with any of the 93 BCTs in BCTTv1.
Also, the consensus study allowed experts to say
explicitly that a potential BCT-MoA link definitely
did not exist, whereas, in the literature study, it was
only possible for a link to be absent from the 277 pa-
pers investigated. Thus, evidence of absent links in
the latter study was ambiguous: a link might be ab-
sent because it could indicate the link is impossible
or improbable or because it simply was not used in
the 277 interventions.
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Methods

Full details of the methods used in the two previous
studies are provided in [8] and [9]. Here, we provide
essential details.

Data from the literature synthesis study [8]

Peerreviewed published behavior change inter-
vention reports were identified using electronic
searches, requests to experts, and citations of pa-
pers, which included some coding of either BCTs or
theory. They were included if (a) they provided the
description and/or evaluation of a behavior change
intervention and (b) a BCT (not necessarily labeled
as such by the authors) was explicitly linked to one
or more MoA(s). BCTs in the reports were coded
using BCTTv1 [1]. MoAs were coded if they (a) de-
scribed a process through which behavior change
could occur and (b) were clearly linked to a BCT.
Authors’ descriptions of MoAs were categorized
into the 26 MoAs comprised of (a) the 14 theoret-
ical domains described in the Theoretical Domains
Framework (which are starred in Table 2) [12,13] and
(b) the 12 most frequently occurring MoAs (which
did not overlap with the theoretical domains) iden-
tified in a systematic review of 83 behavior change
theories [14].

A total of 2,636 BCT-MoA links were made by
authors, including 70 BCTs and 25 MoAs, iden-
tified from 277 articles (mean number of links per
article = 9.56, standard deviation = 13.80). For each
possible link, a one-tailed exact binomial test was
conducted comparing the observed to the expected
frequency of occurrence for each link, computing
an expected value as the frequency that might be
observed if BCTs were randomly linked to MoAs
(see details in [8], p. 696-697). The p values from
these tests give an indication of the likelihood of a
link and are the data for the current concordance
study. Scores range from 0 to 1 and lower values in-
dicate links occurring with greater relative frequency: in
this paper, these scores are labeled p+ to differentiate
them from tests of statistical significance. The cri-
terion for a link was set at a probability, p+, of <.05;
this criterion value should not be interpreted as a stat-
istical test but simply as a threshold probability value
for identifying links of higher relative frequency. Full
details of the exact probabilities for each possible
link are presented in the heat maps in [8] and in the
online Theory and Technique Tool (TATT; https://
theoryandtechniquetool.humanbehaviourchange.
org/), allowing readers to examine the relative fre-
quency of links in more detail. Eighty-seven BCT-
MoA combinations met the criterion for a link.

Data from the expert consensus study [9]

Sixty-one BCTs and 26 MoAs were included in
the study based on the following criteria: (a) BCTs
had to be commonly used within the intervention
literature; therefore, we selected only those BCTs

identified more than twice (z = 61) in a set of 40
systematically identified and coded intervention
descriptions covering a range of different behav-
iors [15]; (b) MoAs were restricted to the same 26
MoAs as in the literature synthesis study. In order
to ensure that the task was manageable for the 100
experts, we divided the BCTs into five groups and
allocated either 13 or 14 BCTs x 26 MoAs (i.e., 338
or 364 possible links) for judgment by each group
of 21 experts.

Experts individually rated each link in an online
task, then participated in an online, asynchronous
discussion of the ratings of their group, and fi-
nally completed a final set of individual ratings
using responses: “Definitely Yes,” “Definitely No,”
“Uncertain,” or “Possibly.” These final ratings pro-
vide the data for the concordance study. Two scores
are used for each of the 1,586 links: Proportion
of YES = the proportion of experts answering
“Definitely Yes”; and Proportion of NO = the
proportion of experts answering “Definitely No.”
Scores ranged from 0 to 1 and higher scores indi-
cate a higher proportion of agreeing on links or
“nonlinks” (answers of “Uncertain” or “Possibly”
were excluded.)

Analyses

Because the two studies shared 56 BCTs and all
26 MoAs, the concordance in the probability of
a link could be assessed for 1,456 (56 BCTs x 26
MoAs) possible links. Concordance was examined
using two approaches: (a) multilevel modeling
(MLM) and (b) comparison of the matrices of
BCT-MoA links.

Multilevel modeling

The dependent variable was the proportion of ex-
perts either asserting that there was a link (definitely
“yes”) for a given BCT/MoA combination or, sep-
arately in a second model, that there was no link
(definitely “no”). The predictor was the relative
frequency of each link as indicated by the exact p
value, p+, in the literature synthesis. The decision
to treat expert consensus as the independent and
literature synthesis as the dependent variables for
the MLM was based on (a) the better distribution of
data for the consensus study as there were fewer tied
results and (b) the literature synthesis preceded the
consensus task.

In a two-level analysis using MLwiN 3.01, BCTs
were nested within MoAs. The intercept was allowed
to vary randomly at both levels; the probability of a
link from the literature synthesis varied at the MoA
level. These analyses can show if there is a relation-
ship between the links established by the literature
synthesis and the expert consensus across all MoAs
and if that relationship varies by MoA.

In many cases, the literature synthesis iden-
tified a BCT linked to at least one MoA but no
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links to other MoAs. Such absences of a link to an
MoA obtained a p+ value of 1. For example, BCT
2.6 “Biofeedback” was linked in the literature study
to MoA “Skills” but not to MoA “Knowledge” (see
Supplementary File 2) and, therefore, had a p+ value
of 1 for MoA “Knowledge.” Since the other links
were positively established, that is, by their presence
rather than absence, they have greater credence
and so the data were analyzed with and without the
cases where p+ = 1. The variance explained by the
various models was calculated using the procedures
recently described by Nakagawa and Schielzeth [16]
and Johnson [17].

Comparison of matrices of BCT-MoA links

In both literature synthesis and expert consensus
studies, a criterion was set for establishing a link.
There is no standard formula for setting such cri-
teria. For the literature study, the preset criterion,
p+, was set comparable to statistical significance con-
ventions as a p value for the binomial test of <.05.
For the expert study, the criterion was preset at
agreement by 80% or more of respondents, falling
between conventions in Delphi studies at approxi-
mately 67% (such as [18]) and the higher cutoff of
90% frequently used in studies of sensitivity and spe-
cificity of classifications.

We compared the findings of the two studies
and classified the links into one of the following
categories: (a) Link: evidence of link across both
studies (i.e., link was found in both literature syn-
thesis and expert consensus), (b) No Link: no evi-
dence of link in literature synthesis, evidence of
“no link” in expert consensus (i.e., link was absent
in literature synthesis study and experts in con-
sensus study agreed that there was no link), (c) No
evidence: no evidence of link in literature synthesis
and no strong evidence in expert consensus (i.e.,
link was absent in literature synthesis study and
less than 80% of experts in consensus study agreed
whether or not there was a link), (d) Inconclusive:
evidence of link in literature synthesis but evi-
dence of “no link” in expert consensus or no evi-
dence of link in literature synthesis but evidence
of link in expert consensus or some below-criterion
level of evidence in either the literature (.05 < p+
<.10) and/or expert consensus (e.g., link agreed
by 70%-80% of experts). The first three of these
categories were categorized as “concordance” be-
tween the two studies (agreement of presence of
“link,” agreement of “no link,” or agreement that
evidence was lacking). Links from the fourth, in-
conclusive, category were brought forward to be
considered by the reconciliation experts.

RESULTS
The flowchart in Fig. 1 summarizes the stages of the
research and the data at each stage.

Results of MLM to assess agreement between the findings
of the literature synthesis and expert consensus studies
Figure 2 shows the p+ values from the literature syn-
thesis study plotted against the proportion of “defin-
itely YES” responses in the expert consensus study;
each line represents one MoA. Lower p+ values,
indicating links with greater relative frequency,
are associated with a higher proportion of “YES”
responses.

The regression lines and scatterplots show the
proportion of experts asserting a link in the expert
consensus study against the probability of a link in
the literature synthesis study for each BCT linked
to each MoA. The negative slope indicates con-
cordant relationships between the two studies with
the steepness of the slope indicating the strength of
the relationship.

In order to illustrate the observed relation between
the findings in the two studies, Fig. 3 provides a de-
tailed illustration for a single MoA “Reinforcement,”
showing how BCTs are linked (or not linked) to the
MoA in the two studies and presenting the two
BCTs with greatest agreement and the one with least
agreement, with BCTs labeled as in BCTTvI.

In the Reinforcement example, a strong link is
found across both studies for nonspecific reward
(BCT 10.3) and social reward (BCT 10.4; i.e., a low
p+ value in the literature and a high proportion of
experts responding “YES”), whereas “no link” was
found in both studies for instruction on how to per-
form the behavior (BCT 4.1). In addition to scientific
evidence of triangulation, the results can provide re-
commendations to users who are trying to decide
which BCT to use to engage a particular MoA. Thus,
a user who hopes to change behavior via the MoA
of Reinforcement might choose to use BCT 10.3 or
10.4 but avoid BCT 4.1. Detailed scatterplots for
each of the 25 MoAs (not for “norms” as this was not
found in the literature study), showing which BCTs
are linked to which MoAs in the two studies, can be
accessed in Supplementary File 2.

Further details about the multilevel models are re-
ported in Table 1 and details of unstandardized re-
gression intercepts and slopes for each MoA are shown
in Table 2. The results are broadly similar whether p+
values of 1 (which occur when a BCT is not linked to
the target MoA) are included or removed. Both sets of
results are presented in Table 1. Table 2 presents the re-
sults with p+ values of 1 removed but both sets of results
are presented in Supplementary File 1: S7. The total
variance explained by the “YES” model was 42.8%.
The comparable value for the “NO” responses was
45.0%. Larger intercepts for “YES” responses indicate
greater agreement across studies that a link exists and
the slopes indicate the relationship between the studies
for each MoA. Apart from the MoA “norms,” which
was not found in the literature synthesis study, each
MoA shows negative slopes for “YES” responses and
positive slopes for “NO” responses indicating moderate
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Literature Synthesis Study

93 possible BCTs x 26 possible MoAs
(2,418 possible links)

v

70 BCTs x 25 MoAs found in published
intervention reports

Pre-Set Criteria for __

Expert Consensus Study

61 BCTs x 26 MoAs rated by experts
(1,586 links rated)

Determining a 'Link’ Experts > 80%
87 links Identified 90 links
(51 BCTs and 24 MoAs) <= Tlinks ™ (51 BCTs and 20 MoAs)
> Triangulation Study -«

Concordance

56 BCTs x 26 MoAs shared across studies

(1,456 possible links)

Y

37 links - ’df?gﬁ'g’-'d - 55 links

Reconciliation

. Inconsistent and marginal links from
Literature Synthesis and Expert Consensus

(179 links rated)

Y

FINAL LINKS
92 links

Fig 1 | Flowchart showing stages in the research and the links between behavior change techniques and mechanisms of action at each

stage.

concordance between the results of the two studies for
virtually all MoAs. There was little difference in slopes
across MoA:s for either the “YES” or “NO” responses.

Results of comparison of matrices of BCT-MoA links to
identify links and nonlinks found in both literature con-
sensus and expert consensus studies
Links exceeding preset criteria for both studies were
examined: 37 BCT-MoA “links” reached the cri-
terion for a link in both the literature synthesis and
expert consensus studies, covering 28 BCTs and 18
MoAs (see Table 3).

For 460 links (61 BCTs and 22 MoAs), there
was also concordant evidence of “no link”; that is,

absence of evidence in the literature and agree-
ment between the experts that these BCTs do not
act on those MoAs (see Supplementary File 1;
Supplementary Table S5). Thus, there was concord-
ance between the studies for a total of 497 (31.3%) of

the total 1,586 possible links at this stage.
Inconclusive links (N = 179) were brought to
the reconciliation study: evidence of a link in lit-
erature synthesis but “definitely no” link in expert
consensus (n = 3); evidence of a link in literature
synthesis and below-criterion level of evidence or
link not included in expert consensus (n = 45);
no evidence of a link in literature synthesis but
“definitely” a link in expert consensus (n = 53);
page 5 of 17

020z 1snbny 20 uo Jasn uopuo abejj0) Alsieaun Agq 0Z2G0885/0S0BEALWAYEE0L 0 L/I0p/3]01e-80UBADE/WA)/WOoD dno"ojwapede//:sdiy wolj papeojumoqg


http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibaa050#supplementary-data
http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibaa050#supplementary-data

ORIGINAL RESEARCH

page 6 of 17

"YES", BCT and MoA linked

1.0

0.9+
0.8+
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Proportion of experts responding YES to each BCT

0.1 1 1 1 |
000 011 022 033 044

[ [ I [
055 066 0.77 0.88 0.99

Probability of link found in literature for each BCT

Fig 2 | Relation between findings from the literature synthesis and expert consensus studies when links between behavior change
techniques and mechanisms of action (MoAs) have been proposed. Each line represents the prediction from the multilevel model. The
thick line is the overall regression line. Other lines represent each MoA. The dots indicate the predicted values for actual data points. The
occasions when no link was proposed in the literature synthesis study (coded as p+ = 1) have been omitted. The negative slope indicates
concordant relationships between the two studies with the steepness of the slope indicating the strength of the relationship.

Reinforcement

—- @104
®10.3

8

827
o2.

®7.1
022

6

923

Proportion of experts
responding YES to each BCT
4
1

2

921963 ®8.2

®19

853

-5
Probability of link found in literature for each BCT

Fig 3 | lllustrative example of relation between findings from the literature synthesis and expert consensus studies for mechanisms of action “Re-
inforcement.” Each dot represents one behavior change technique (BCT; with BCTTv1 label). The line represents the prediction from the multilevel
model omitting BCTs for which p= 1 in the literature synthesis study (but the expert consensus values for such BCTs are shown). The BCTs labeled
are: BCT 10.3 = nonspecific reward; BCT 10.4 = social reward; and BCT 4.1 = instruction on how to perform the behavior.

below-criterion level of evidence in either the litera-
ture synthesis (.05 < p+ <.1) or the expert consensus
study (70%-79% of experts answered “definitely
yes” [n = 78]; full details in Supplementary File 1;
Supplementary Tables S1-S4). Due to error, 11 in-
conclusive links were omitted from the reconcili-
ation study and 6 were incorrectly included in the
reconciliation study. These 17 links were removed
from analyses.

There was insufficient evidence in both studies

(i-e., link did not reach the threshold of .05 > p <

.10 in literature synthesis study and <70% experts
agreed the link was definitely present or absent) for
904 (56.9%) “absence of evidence” links.

STUDY 2: RECONCILIATION OF THE FINDINGS OF THE
LITERATURE AND EXPERT CONSENSUS STUDIES

Study design

Inconclusive findings from the concordance study
were examined by a new group of experts in a con-
sensus exercise over three rounds in order to iden-
tify links that could be reconciled.

TBM
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Table 1 | Multilevel model predicting judgments of expert consensus from the literature synthesis: estimated beta weights (standard error)

for fixed effects and variances (standard error) for random effects

“YES” expert consensus “NO” expert consensus
All data px =1 omitted All data px =1 omitted
Fixed effects
Intercept 0.474(.037)*** 0.510 (.036)*** 0.295(.030)*** 0.270(.029)***
Literature -0.325(.031)*** -0.464(.042)*** 0.327(.24)*** 0.439(.035)***
Random effects
Level 2: mechanism of action
Intercept 0.029(.01)*** 0.025(.009)* 0.017(.007)* 0.014(.006)
Literature 0.016 (.007)* 0.014(.011) 0.006(.004) 0.005(.007)
Level 1: behavior change techniques
Intercept 0.045(.002)*** 0.059(.004)*** 0.056(.002)*** 0.058(.003)***

*p<.01,**p<.01,***p<.001.

Table 2 | Predicting expert consensus from literature study for each mechanism of action (MoA) for “YES” and “NO” responses (multilevel
modeling: intercept [Int] and slope [Slp]; without p+ = 1 behavior change techniques)

“YES” “NO”

MoA n Int Slp n Int Slp
Knowledge® 29 .52 -.50 29 26 43
Skills® 36 40 -.41 36 .39 .54
Social/professional role and identity” 19 .32 -.40 19 .39 .52
Beliefs about capabilities® 51 .60 -43 51 .14 .38
Optimism® 19 .29 -.38 19 .36 .49
Beliefs about consequences’ 37 .66 -.55 37 .20 .37
Reinforcement® 20 .56 -51 20 .26 44
Intentions® 42 .62 -33 42 .08 .34
Goals® 28 .63 -.53 28 .18 37
Memory, attention, and decision processes’ 28 48 -47 28 27 43
Environmental context and resources® 22 71 -.62 22 22 .37
Social influences” 28 .62 -53 28 .26 .40
Emotion® 20 46 -.47 20 .29 43
Behavioral regulation® 36 .61 -41 33 .15 .38
Norms - - - - - -

Subjective norms 25 46 -44 25 .30 46
Attitude toward the behavior 27 .59 -54 27 21 .37
Motivation 36 77 -43 36 .03 .29
Self-image 15 39 -.41 15 .30 47
Needs 6 21 -.36 6 .55 .66
Values 4 27 -.38 4 42 .55
Feedback processes 12 .61 -.52 12 24 42
Social learning/imitation 10 43 -.46 10 41 .54
Behavioral cueing 21 61 -54 21 .26 42
General attitudes/beliefs 3 49 -47 3 27 43
Perceived susceptibility/vulnerability 11 43 -49 11 .38 .50

No data for “Norms.”
*MoA from Theoretical Domains Framework.

Methods

Participants: reconciliation experts

Sixteen experts who design, evaluate, and/or synthe-
size evidence about theory-based behavior change
interventions were selected from the database of

experts for the original expert consensus exercise
(and who were not participants in the previous ex-
pert consensus study). Additional experts were
selected based on the recommendations of the
project’s international advisory board. Experts
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Table 3 |Continued

Expert consensus study

Literature synthesis study

Proportion experts (definitely yes)

p+value

Frequency (number of papers)

Mechanism of action

Behavior change technique

95
.89

<001
020

Environmental context/resources

Behavioral Cueing

12.1 Restructuring the physical environment

.95

.004
<001

Environmental context/resources
Environmental context/resources

Self-image

12.2 Restructuring the social environment
12.5 Adding objects to the environment

.95

.90
.81
1.00

.011
.014
<001

13.1 Identification of self as role model

13.2 Framing/reframing

Attitude toward the behavior
Beliefs about capabilities

27

15.1 Verbal persuasion about capability

were invited to participate based on a self-assess-
ment questionnaire on their objective experience
of publishing papers and conducting systematic
reviews to assure expertise and a breadth of back-
ground (see [11]). Participants were based in the UK
(n = 11), USA (n = 1), Canada (n = 2), Australia
(n = 1), and Russia (n = 1).

Materials
One hundred seventy-nine inconclusive links were
identified in the concordance study.

Procedure

Expert consensus methodology was used to examine
the 179 BCT-MoA links that were identified as in-
conclusive based on the comparison of the two prior
studies. The task consisted of three rounds.

Round 7

Prior to the initial round, experts were emailed de-
tailed guidelines for the study, including the sources of
the data to be presented (see Supplementary File 4).
In the initial rating round, experts were presented
with the inconclusive BCT-MoA links from the con-
cordance study. These 179 potential (inconclusive)
links were presented in random order, alongside
the information from the two sources of evidence,
and experts were asked to rate each possible link
as “definitely yes,” “definitely no,” or “uncertain/
don’t know” taking into account the evidence pro-
vided. Experts had access to definitions of all BCTs
and MoAs at all times. After completing Round 1,
each expert received an email with a personalized
statistical summary of the results of Round 1. This
included frequency distributions, which were de-
picted alongside their own responses for each BCT
x MoA link.

Round 2

During Round 2, experts took part in an online,
anonymous, asynchronous discussion hosted via
Loomio, a digital discussion platform, which they
could access over a 2 week period. The purpose of
this round was to facilitate discussions between ex-
perts on the 25 links for which there remained high
uncertainty and/or disagreement. Experts were ad-
vised to focus the discussion on links for which they
remained uncertain or where their views differed
from those of other experts. A moderator from the
research team periodically summarized the discus-
sion and raised issues for further discussion.

Round 3

During Round 3, experts had access to their per-
sonalized statistical summaries from the Round 1
ratings, the original information comparing the two
sources of evidence, and were provided with tran-
scripts of the Round 2 discussions. The detailed in-
formation from the previous rounds allowed experts

page 9 of 17

020z 1snbny 20 uo Jasn uopuo abejj0) Alsieaun Agq 0Z2G0885/0S0BEALWAYEE0L 0 L/I0p/3]01e-80UBADE/WA)/WOoD dno"ojwapede//:sdiy wolj papeojumoqg


http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibaa050#supplementary-data

Downloaded from https://academic.oup.com/tbm/advance-article/doi/10.1093/tbm/ibaa050/5880520 by University College London user on 07 August 2020

$92IN0S3l SaMm 0}
0 gZ9 Gl'€6 0 0 q S6 220 1 pUE 1X3]U0D |eIUBILOIIAUT 2Insodxa SuidnpaJ/adueploAy €°ZT
0 S'Ct WA 0 S 0 S6 120 1 uonowy SUONOW 313U 3dNPaY Z'TT
0 G/'81 SC'18 0 0 S S6 950 4 Seduanjjul |enos plemal 1enos 01
0 SC9 SL'€6 0 0 g S6 1 0 JuswisdIojuIsy (Jo1neyaq) sAnuadul jeLSIE T°0T
$9559204d UOIS
0 G/'8T ST1I8 0 0 0 00T 100 1 -129p pue ‘uoiualie ‘Alowsy $92JN0SaJ [ejudW SUIAIBSUO) €T T
$9559204d UOIS
0 SC9 S/'€6 0 0 T 9. 1000 8 -129p pue ‘uonuane Aioway sand/sydwiold 1°/
0 0 00T 0 0 S S6 L00 € Sass2201d >oeqpas] JolAeyaq uo xaeqpasq ¢'c
saouanbas
0 /81 SC'18 11 0 9¢ €9 #7000 8¢ uonuayu| -U0d yjjeay jnoge uonewlojul T°q
0 541 q'/8 0 q 0 S6 €20 Y S|eo9 (101neyaq) Sumias |eon T°T
0 gt S'/8 0 0 S S6 €€0 LT uonuau| (Jo1neyaq) SumILs 1e09 T'T
0 gct S'/8 0 0 0 00T VN VN uoneAnow (dwo2nQ) aAnudUI 8'0T
1eoS pue Joineyaq
0 0 00T 0 0 0 00T 800 1 $9559204d Yoeqpas Jua.INd Usamaq Aduedansiq 9'1
0 0 00T 0 0 0 00T €10 €l uone|n3al |elolreyag SuInos wa)qoid Z'T
0 0 001 VN VN VN VN 100°0> €C salyiqeded Jnoge salleg $5900Ns 3sed U0 Sn2o4 €°GT
0 G/'81 SC'18 11 0 YA [4/ %500 8 qeded Jnoge sjalag ABHISS 7°GT
0 gt S'/8 9 0 9¢ 89 2000 4 SjolRg/sapnyine |esauss 92In0S 9|qIpai) T'6
0 ETA) GL'€6 St 0 St 0L 100°0> 8T uone|n3al |elolreyag JoiAeYa( JO SULIONUOW-J|3S €°C
$90UaNbasSU0D |BJUSLLILOIIAUD
0 5281 SC'18 6 0 7¢ 19 ¢000 €T a3pajmou pue e1x0s noqe uonewloju] €°g
$90UaNDbasU0) |BJUBLLILIOIIAUD
0 T4 SL'€6 S'6 56 S 9/ 100°0» 91 JolAeyaq 3} piemoy apmiy pue Je1x0s noqe uohewloju] €°g
saouanbas
0 /81 SC'18 11 0 1c 89 100°0> 6T JolAeyaq 3} piemol spmmy -U0d yjjeay jnoge uonewlojul T°q
0 TA) GL'€6 91 0 S 6. 9100 S uone|ngal |eloireyag uonnjisqns Joiaeyag ¢'8
(ou) (mouy| 3,uop) (sak) (ou) (mowyjuop)  (Agissod) (soh) anjeA (ssaded UOI}I. JO WISIUBYIBN anbiuyda) aSueyd Joineyag
spadx3 % spadx3 % spadx3 9  suadx3 % suadx3 % spadx3 %  suadx3 % +d J0 Jaquinu)
fouanbai4
Apnjs uoneninuodlay Apnys snsuasuod padx3 Apnis sisayjuAs ainjesdy]

(un e si 219y paaiSe spadxe Jo aiow 1o %8 “o'1) Apnis uonePU0da) Ul Judsald aq 03 paaiSe syuI | & a)qeL

TBM

page 10 of 17



Downloaded from https://academic.oup.com/tbm/advance-article/doi/10.1093/tbm/ibaa050/5880520 by University College London user on 07 August 2020

IIEIERET

0 SCt §'/8 4 0 L1 6. 800 9 sanlliqeded Jnoge syaIRg wiopad 0} MOY UO uondNIISU| Ty
0 §'/8 0 S JAS 89 €000 09 sanlliqeded Jnoge syalg JolAeyaq auy} Jo uoheljsuowsg 19
SC9 gt SC'18 g 0 91 6. T 0 a3pajmou Joeqpasjolg 9°¢
0 9181 qT'18 q 0 ST 08 /T0 4 s9ssa00.d Yoeqpasd J01ABYq JO SULIO)NUOW-JIBS €'
0 G.'81 TANR] g 0 71 18 7’0 7 SIS SHSe} papel /'8
lenoid
0 gt S'/8 0 0 91 78 0co K Seduan)jjul |e1os -de S19U30 IN0ge UoREWIOU| £°9
0 G181 qT'18 g 0 0T S8 [240) 4 S90uaNbasuod Jnoge sjR1Rg S90u9Nbasuod Jo AdudIeS Z'g
J10IABYD] B}
0 qC'18 L 1 8T 7/ €100 LT apajmou wiopad 03 Moy uo uondnisu| Ty
0 29 GL'€6 0 0 71 98 1500 € agpajmouy| Sluspadajue JNoge uolewloju| 'y
0 gt S'/8 g S 0 06 1 0 JusLRDIOJUIBY (Jo1neyaq) piemai elale 0T
leaoid
0 qC9 Sl'€6 0 [ S 06 T 0 SWION -de ,S19y10 Jnoge uoljewloju| €£°9
0 /81 SC'18 0 0 ot 06 VIN VIN uoneAow (SWwodIn0) piemay 0T°0T
0 0 00T 0 S g 06 VIN VIN JusSLIRDIOJUISY (SWwodIn0) piemay 0T°0T
0 gt G'/8 g S 0 06 VN VIN JuSLRDIOJUISY (SwodIno) sAnu=dU| 80T
$92IN0S3l
0 SCt q/8 0 q S 06 VN V/IN PpUE JX3}U0D |BJUSWILOIIAUT SNINWI}S DAISI9NE dAOWSY G/
0 S.'81 SC'18 0 S g 06 1 0 uoneIn3al jelolreydg SUONOWS dA1eS3U NPy Z'TT
0 0 00T q 0 q 06 120 4 5955920.d Xdeqpasd uosiiedwod 1epos ¢'9
0 S/.'81 SC'18 q 0 q 06 T 0 SWIION uosledwod |epos z'9
0 gt G'/8 ot 0 0 06 7900 4 S|eon S|e03 JOIARYDG MAIASY G'T
0 qC9 GL'€6 0 0 g S6 VN VIN JusSLIDIOJUIRY wawysiund aroway QT T
FETT)
0 TA) GL'€6 0 0 g 56 [ANY) [4 uran esoineyag ~JIAUB 3} 0} S)33(qo SuIppY 5T
Sond 0}
0 0 00T 0 0 S S6 T 0 Suend jeloineyag 2Ins0dxa SuPNPaJ/adUePIOAY €°ZT
(ou) (mouy| 3,uop) (sah) (ou) (mowyjuop)  (Agissod) (soh) anjeA (ssaded uoIjoe JO WSiueydBW anbiuyda) aSueyp Joineyag
suadx3 % suadx3 % spadx3 %  suadx3 % spadx3 % spadx3 %  suadx3 % +d JO Jaquinu)
fousnbai
Apnjs uonennuoday Apnis snsuasuod padx3 Apnis sisayjuAs ainjesdy]

panunuo)| 4 ajqer

page 110f 17

TBM



Downloaded from https://academic.oup.com/tbm/advance-article/doi/10.1093/tbm/ibaa050/5880520 by University College London user on 07 August 2020

‘sadxa A PaJapISUOD J0U SEM | )g U} IYM SNSUasU0d Ladxa 3y} 10} /N AeldsIp S13) 'SUORUBAIRIUI / /Z 3U3 JO AUB Uj Pap0 J0U SeM | g Y} IYM SISBLIUAS ainjesal) 3y} 10} v/N Aeidsip s)iad

0 ST WA] VN VN VN VN 900 [4 S2UaNbasuod noge sjalag 121321 pajedpiuy GG
0 G281 SC'18 0 0 [43 89 600 8 uoneAow J0IABY3q U0 eqpasd ¢'¢C
Aniqessu

0 G281 GC'18 S 0 T4 0. 910 1 -Ina/Aqudadsns paniadiad S2URND3SU0D Jo DUBIES T'G
0 G/'81 SC'18 ot 0 91 Y. 600 4 Suran elolneyag Sujuuerd uondy 41
0 G281 SC'18 (0] 0 1 9/ ST°0 1 uone|nsal jelolAeysg S32.N0S3J |EJUSLL BUIAIBSUOD €°TT
0 ST WA] 0 0 ¢ 9/ T 0 S§al1°q pue sepnjijie jessus9 SU0d pue soid ¢'6
0 G281 SC'18 71 0 o1 9. [44Y) [4 uone|nsal jelolAeysg Sjuspadsjue Jnoqe UohewIoj| ¢'y
0 ST WA] S 0 61 9. 600 € uoneAow (Swod)no) Sunies 1eos €1
0 ST WA] S 0 91 6/ 10 [4 uoneAow ANEHSS 7°9T
0 SC9 SL'€6 91 0 S 6/ VN VN juswidIojuIRy aAIURdU 2YAdSUON 90T
0 Sct S'/8 So1 0 S0t 6. 1 0 S20uanbasuod Jnoge salRg (Jo1neYDQ) BAIIURDUI [eLIRIBN T°OT
0 0 (0]0]8 0 0 1¢ 6/ 600 L J01AeYaq 3y} p1emo} spminy 92IN0s J\qIPa) T°6
(ou) (mouy 3,uop) (seh) (ou) (mouy Juop)  (Aqissod) (seh) anjeA (ssoded UOI3Ie JO WISIUeYIBN anbjuyda) aSueyd Joineyag

suadx3 9, syadx3 % suadx3 9y  spadx3 % suadx3 % suadx3 9y  suadx3 % +d 10 Jaquunu)

Aouanbaly

Apnis uonenuoday Apn1s snsuasuod 1adx3 Apns siSayluAs ainjessln

panunuo))| 4 ajqey

TBM

page 12 of 17



ORIGINAL RESEARCH

TBM

The Theory and Techniques Tool

Explore the |

1 Select one cell you're interested in or make your own custom heat map by selecting ‘+' on the calumns and rews of interest

80868688

El Em BR
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kn | sk | sPRI
1.1. Goal sétting (behaviour)
. 1.2. Problem sohving
B 13, Goa) seting (outcome)
+ 1.4. Action planning
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1.6. Discrepancy between current behaviour .

1.7. Review outcome goal(s)

Fig 4 | Screen shot of the home page of the Theory and Technique Tool. Behavior change techniques are listed on the left column;
mechanisms of action are listed on the top row and hovering on the abbreviated title gives the full title and definition. Cells are color coded:
green indicates a link, blue a nonlink, yellow inconclusive, and white lack of evidence. Clicking on any cell gives full information of the re-
sults of each study for that cell. Supplementary File 3 illustrates the cell data for a link and nonlink. It also illustrates the portal for finding

resources or engaging in collaboration related to a given cell.

to reevaluate their original ratings for each link in
light of the thoughts and ratings of the other experts.
As in Round 1, the potential links were presented
in random order and experts judged whether each
BCT-MoA pair was linked by rating “definitely
yes,” “definitely no,” or “uncertain/don’t know.”
A link was judged to be resolved as a link if 80%
or more of the reconciliation experts rated it “def-
initely yes” or as a “no link” if 80% or more rated it
“definitely no.” The data from all studies were made
available for each of the 1,456 BCT-MOoA links in
an interactive format.

Results

The 179 links brought forward to be considered by
the reconciliation experts were those for which there
was inconclusive evidence across the literature syn-
thesis and expert consensus studies. Reconciliation
experts reached the criterion for agreement for
60/179 (33.52%) BCT-MOoA links: For five possible
links, experts agreed there was “no link,” that is,
>80% rated it “definitely no” link (see Supplementary
File 1; Supplementary Table S6) and, for 55, agreed
there was a link, that is, 280% rated it “definitely yes”
there was a link (see Table 4). The remaining 119
possible links continued to be inconclusive as there
was insufficient evidence to indicate either a “link”
or “no link.”

Thus, across all stages (concordance and rec-
onciliation), 92 BCT-MoA links were identified,
covering 51 of 61 BCTs and 22 of 26 MoAs. The
total of 92 links identified resulted from 37 links
identified through concordance and 55 links iden-
tified through the reconciliation study. In the recon-
ciliation study, 14 of the 60 resolved links confirmed
the literature synthesis finding, 42 confirmed the
previous expert consensus finding, and 4 links were
based on the marginal evidence provided by both

studies (i.e., where .05 < p+ <.1 in literature synthesis
and 70%-79% of experts answered “definitely yes”).
Seven of the 60 identified links were for BCTs that
had not been identified in the literature study and
three links were for BCTs found in the literature syn-
thesis but not in the expert consensus study. In sum,
the results provide evidence for 92 hypothesized
links, 465 nonlinks, and more evidence needed for
the remaining 899 links investigated.

DEVELOPMENT OF ONLINE, INTERACTIVE TATT

The data from all studies were made available
for each of the 1,456 BCT-MoA links in an inter-
active format. Each link was color coded as a
“link,” “nonlink,” “inconclusive,” or “no evidence.”
Clicking on any link revealed the evidence from the
studies.

The online tool can be accessed at (https://
theoryandtechniquetool.humanbehaviourchange.
org/). A screen shot of the home page is shown
in Fig. 4, illustrating the matrix of BCTs x MoAs,
and the classification of each link is color coded.
Supplementary File 3 gives illustrations of the infor-
mation revealed by clicking on a single BCT-MoA
and shows the screens giving access to online re-
sources and the portal for collaboration related to
any cell in the matrix.

DISCUSSION

The purpose of these studies was to examine evi-
dence regarding hypothesized links between
BCTs and MoAs and to present the informa-
tion in an online interactive tool that might be
helpful in intervention design, evaluation, and evi-
dence synthesis, identifying priorities for future
research, and advancing research and collabor-
ations. Triangulation of the results of the previous
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literature and consensus studies showed that,
overall, the results produced by these two methods
of investigating BCT-MoA links converged. This
was true both for positive links (“YES” responses)
and for nonlinks (“NO” responses) and for each
MoA (except “norms,” which was not found in
the literature study). Examination of each possible
BCT-MoA link revealed concordance between the
literature study (277 interventions) and expert con-
sensus (n = 100) on 37 links; this was extended to 92
based on the reconciliation study involving a further
16 experts. Hence, this triangulation study provides
the first systematic evidence of (a) 92 hypothesized
BCT-MoA links that could be targeted or evalu-
ated in interventions, (b) 465 links that this evidence
suggests do not exist, and (c) more research being
needed to resolve the status of the remaining links.
Due to an error, data are lacking for the 11 omitted
links and data from the 6 incorrectly included were
removed from further analyses. Since data are pro-
vided separately for each potential link, these errors
have no additional implications for other links.

The reconciliation study was successful in re-
solving over a third (60/179) of the inconclusive re-
sults of the previous two studies. The reconciliation
experts were more likely to agree with the previous
expert consensus exercise than with links identified
in the literature, perhaps, in part due to the simi-
larity of the methods. However, the reconciliation
experts had much more information available than
the experts in the consensus study, and comments
made by experts during the discussion round made
it clear that the experts were indeed using the evi-
dence from both previous studies in addition to
their own judgment and the judgments of other rec-
onciliation experts. Where there were differences
between the literature synthesis and expert con-
sensus, the reconciliation experts discussed possible
explanations, including poor methodology in some
and the recent specification of BCTs and MoAs,
which would not have been available to earlier lit-
erature. Nevertheless, the judgments of the recon-
ciliation experts are more likely to be in accord
with the previous judges for several reasons. First,
the literature synthesis study is restricted to what
has actually been done, whereas the judgments, of
both groups of experts, address what is theoretically
possible. Second, the expert opinion in both the ori-
ginal consensus study and the current reconciliation
study reflects current evidence, whereas published
studies synthesized in the literature synthesis study
were based on the history of evidence available to
authors at the time of planning and development
of the interventions. Supplementary File 1 provides
specific information for each MoA indicating the
frequency of observed relationships of each BCT
with each MoA in the two studies. No data are pro-
vided for the MoA “norms” as this was not found in
the literature study. This may simply be a limitation

of the studies included in the literature study or it
may be that interventions tend to address subjective
norms as an MoA while norms are seen as moder-
ating variables.

The results have been integrated into an online
TATT that allows the user to explore evidence
for each possible link, presenting data from the
literature, consensus, and reconciliation studies.
The online tool (https://theoryandtechniquetool.
humanbehaviourchange.org/) allows the user to
examine results for each of the three studies for each
possible BCT-MoA link. Users can also post com-
ments, upload information about links (e.g., new
evidence or information about ongoing or planned
research), and suggest the possibility of collabora-
tive research for underinvestigated links.

Finding that the two distinct methods, literature
synthesis and expert consensus, produce compar-
able results gives stronger evidence of the replic-
ability of the findings than would be achieved by
two studies repeating the same methods. This pro-
vides a more secure basis for designing theory-based
interventions and for interpreting the theoretical
basis of reported interventions than has hitherto
been possible. For example, in designing an inter-
vention intended to work by enhancing reinforce-
ment mechanisms, the results suggest that it would
be advisable to include nonspecific and social re-
wards but that instruction on how to perform the
behavior would be ineffective (although it might
be effective via some other mechanism of action).
While this example is immediately obvious, the de-
tailed evidence for each MoA available via the on-
line tool enables the intervention designer to move
beyond the specific example illustrated in Fig. 3
and to access the information they need rather than
relying on memory, common sense, or further inter-
pretation of the theory underlying the MoA.

The substantial number of links shared by the two
studies provides a resource reflecting both current
expertise and practice in published interventions for
selecting BCTs that might be used to change theor-
etical constructs that are hypothesized to mediate
effects on behavior. BCTs have been identified for
each MoA and, since the MoAs investigated address
the main theoretical domains and commonly the-
orized constructs, the links identified offer a range
of potential BCTs that might be applicable within
a wide range of theoretical frameworks. These links
may also prove helpful in suggesting alternative
theoretical explanations of the effects of BCTs on
behavior in intervention studies, especially those
conducted without an explicit theoretical base or
where the proposed theoretical basis cannot account
for the findings. Further, the links may also assist
the synthesis and interpretation of evidence across
intervention studies, which had varying theoretical
bases as illustrated by Gardner et al.’s examination
of theoretically diverse interventions using audit
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and feedback to change behavior. In their method,
“...behavior change intervention is deconstructed
into component techniques, which are then mapped
onto the most relevant behavior change theory or
theories...” ([19], p. 1619). They investigated BCTs,
including self-monitoring and action plans, by map-
ping them on to core MoAs of Control Theory. The
findings indicated that audit and feedback could
be described in terms of component BCTs and an
analysis of an updated review with more data found
that the intervention was more effective when a the-
oretically coherent combination of BCTs targeting
key MoAs was included [20]. Thus, the link between
BCTs and MoAs within a theory may prove useful in
clarifying what would otherwise be heterogeneous
interventions and results.

The findings also indicate agreement about BCTs
that are unlikely to influence MoAs providing a further
resource that might prove helpful, especially to inter-
vention designers (i.e., what to avoid). Nevertheless,
there continues to be a large number of links where
our results are inconclusive. To some extent, this re-
flects the recency of this field of research but also the
lack of an integrating framework that enables areas
requiring more evidence to be identified. The online
TATT may assist in integrating evidence. However,
in some cases, inconclusive results can occur when
a BCT may act through several MoAs and so the
links found in the literature study for any particular
MoA might fail to meet our preset criterion. If so,
then these BCTs would be particularly useful as they
might activate several MoAs simultaneously. They
can be identified in the online tool as being near cri-
terion level for the literature study on several MoAs
or linked by experts to several MoAs. For example,
BCT 1.1 “goal setting (behaviour)” is strongly linked
by experts to MoAs “Intentions,” “Goals,” and
“Motivation.” There may also be instances where
BCTs are most effective in combination with others.
BCTs working via many MoAs may be particu-
larly valuable as they may be tapping more general
underlying mechanisms. As a result, these BCTs
might be particularly useful in practice.

The majority of experts recruited to the recon-
ciliation study were from the UK, reflecting the
origin and continuing interest in research on BCTs
in that country. It is possible that different results
might have been obtained with experts from other
countries, although there are no a priori reasons
to expect their responses to differ. A further limi-
tation is that this study could only investigate
links with the 56 BCTs shared by the two previous
studies.

It is important to keep in mind that these are Ay-
pothesized BCT-MoA links and it has not been em-
pirically demonstrated that the BCT works via the
MoA,; further work is needed to ascertain whether
the specified technique is able to activate the hy-
pothesized mechanism and, then, in turn, elicit

change in behavior. Moreover, although there is
concordance between the findings obtained by the
two different approaches, they are not completely
independent. On the one hand, the experts in the
consensus study are likely to have influenced the
content of behavior change interventions by having
published in the field and, on the other hand, their
judgments about links likely to be effective may
have derived in part from their knowledge of the
literature. The finding of concordance between the
results of the two methods provides confirmation
of the knowledge base in this field as represented
both by a systematic search of relevant literature
and by the informed opinions of those working in
the field and, therefore, goes beyond the value of
either method alone. In addition, by identifying and
reconciling discrepant findings, the results go be-
yond simple confirmation of the quantitative find-
ings [11].

Links may also have been shared by the two
methods as both are informed by dominant be-
havior change theories [21]. For example, it is rela-
tively easy to see how BCTs might be linked to MoA
“intentions” if the intervention designers in the lit-
erature synthesis studies and the experts in the con-
sensus studies were influenced by the Theory of
Planned Behavior [22] or other theories proposing a
critical decision point in rational, reflective behavior
change processes as in theories involving stages of
change [23]. It is also likely that, if interventions
have been dominated by such theories, there will be
less evidence for BCT-MoA links where the MoA
is an automatic, associative, and impulsive process
as proposed in dual processing theories [24]. This
may change as greater specification of nonreflective
processes is achieved, for example, in identifying at-
tributes of the proximal physical environment that
prompt behavior [25].

The concordant links may prove particularly
useful in developing theory-based interventions.
Intervention developers have been criticized for
the limited connections between the proposed the-
oretical basis for their intervention and its actual
implementation [26,27], and the current findings
may make this easier and, therefore, more likely
to fulfill the aim of having interventions that are
truly based on theory [28-30]. In a similar manner,
Intervention Mapping proposes linkage between
behavior change methods and determinants of
behavior [31] based on theory and informal input
from experts rather than formal triangulation of
described methods. The current results reflect hy-
potheses about the links between BCTs and MoAs
in general; thus, it is possible that there are contexts
and behavioral domains where an observed link (or
nonlink) is more or less likely to emerge. It will be
important to investigate how populations and set-
tings moderate the relationship between interven-
tion content (i.e., BCTs) and MoA as proposed to
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be investigated in the ontology of behavior change
interventions [32].

Theoretical constructs are hypothesized to in-
fluence behavior in tandem with other theoretical
constructs within each theory, a process included
within Intervention Mapping as the “param-
eters” within which one might expect a behavior
change method to have an effect [31]. In the lit-
erature study, a single MoA was frequently tar-
geted by more than one BCT in a given study and
one BCT was targeting more than one MoA. The
co-occurrence of BCTs over several studies might
hint at a shared underlying theory and this is cur-
rently under investigation as part of the current
programme of research [33].

CONCLUSION

The triangulation of the literature synthesis and
expert consensus studies has resulted in a replic-
able set of hypothesized links between BCTs and
MoAs, as well as a set of hypothesized nonlinks
of BCTs that are unlikely to influence a particular
MoA. This has resulted in an online resource (see
the interactive online TATT), which can be used
to guide intervention development and the theor-
etical interpretation of results of behavior change
interventions. Additionally, this study revealed key
areas where experts disagree on potential BCT-
MoA links, offering ample opportunity for further
research to strengthen the TATT. Hence, we hope
this work will provide the basis for more system-
atic, coordinated research studies to examine and
strengthen the evidence base underlying behavior
change interventions.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational Behavioral Medicine
online.

Acknowledgments: We are grateful to the behavior change experts who
contributed to these studies. We would particularly like to thank the 16
experts in behavior change who have committed their time and offered
their expertise for the reconciliation study. We are also very grateful to
all those authors who made explicit links between BCTs and MoAs in
their publications of interventions and to the experts who participated in
Connell et al.’s study [9]. We would also like to give a special thanks to
Holly Walton who assisted in preparing the study data for the Theory and
Technigue Tool.

Funding: This research is funded by the UK Medical Research Council (grant
number MR/LO11115/1). Support for the preparation of this manuscript
was also funded by the National Institutes of Health (T32 HLO76134 and
U54GM115677 to L.E.CB.). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National
Institutes of Health.

Compliance with Ethical Standards

Conflicts of Interest: Authors RN.C, LECB., D.WJ., MJ, AJR, M.dB.,
M.PK., H.G.,, and S.M. declare that they have no conflicts of interest.

Authors’ Contributions: S.M. (PI), MJ., AJR., M.dB. and M.PK. were the
grant holders who conceived and had oversight of the study throughout.
D.WJ. and MJ. conducted the Concordance study. R.N.C. and L.E.C.B. con-
ducted the Reconciliation study. All authors commented on an approved the
final manuscript.

Ethical Approval: All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the institutional
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed Consent: Informed consent was obtained from all individual parti-
cipants included in the studies.

References

1. Michie S, Richardson M, Johnston M, et al. The behavior change tech-
nique taxonomy (v1) of 93 hierarchically clustered techniques: Building
an international consensus for the reporting of behavior change inter-
ventions. Ann Behav Med. 2013;46(1):81-95.

2. Michie S, Wood C, Johnston M, Abraham C, Francis ), Hardeman W.
Behaviour change techniques: The development and evaluation of a
taxonomic method for reporting and describing behaviour change inter-
ventions, Health Technol Assess. 2015;19(99):1-188.

3. Michie S, Johnston M, Carey R. Behavior change techniques. In
Gellman M, Turner JR, eds. Encyclopaedia of Behavioral Medicine. New
York, NY: Springer. 2016:1-8.

4. Bartholomew LK, Markham CM, Ruiter RAC, Fernandez ME, Kok G,
Parcel GS. Planning Health Promotion Programs: An Intervention
Mapping Approach. 4th ed. San Francisco, CA: Jossey-Bass; 2016.

5. Sheeran P, Klein WM, Rothman AJ. Health behavior change:
Moving from observation to intervention. Annu Rev Psychol.
2017;68:573-600.

6. Nielsen L, Riddle M, King JW, et al; NIH Science of Behavior Change
Implementation Team. The NIH Science of Behavior Change Program:
Transforming the science through a focus on mechanisms of change.
Behav Res Ther.2018;101:3-11.

7. Sumner JA, Beauchaine TP, Nielsen L. A mechanism-focused approach
to the science of behavior change: An introduction to the special issue.
Behav Res Ther. 2018;101:1-2.

8. Carey RN, Connell LE, Johnston M, Rothman A), de Bruin M, Kelly MP,
Michie S. Behavior change techniques and their mechanisms of action:
a synthesis of links described in published intervention literature. Ann
Behav Med. 2019;53(8):693-707.

9. Connell LE, Carey RN, de Bruin M, Rothman A, Johnston M, Kelly MP,
Michie S. Links between behavior change techniques and mech-
anisms of action: an expert consensus study. Ann Behav Med.
2019;53(8):708-720.

10. Munafdé MR, Smith GD. Repeating experiments is not enough. Nature.
2018;553(7689):399-401.

11. Archibald MM. Investigator triangulation: A collaborative strategy
with potential for mixed methods research. | Mixed Methods Res.
2016;10(3):228-250.

12. Cane J, O’Connor D, Michie S. Validation of the theoretical domains
framework for use in behavior change and implementation research.
Implement Sci. 2012;7(1):37.

13. Michie S, Johnston M, Abraham C, et al. Making psychological theory
useful for implementing evidence based practice: A consensus approach.
Qual Saf Health Care. 2005;14(1):26-33.

14. Davis R, Campbell R, Hildon Z, Michie S. Theories of behaviour and be-
haviour change across disciplines: A scoping review. Health Psychol Rev.
2014;9(3):323-344.

15. Abraham C, Wood CE, Johnston M, et al. Reliability of identification of be-
havior change techniques in intervention descriptions. Ann Behav Med.
2015;49(6):885-900.

16. Nakagawa S, Schielzeth H. A general and simple method for obtaining
R2 from generalized linear mixed-effects models. Methods Ecol Evol.
2013;4(2):133-142.

17. Johnson PCD. Extension of Nakagawa & Schielzeth’s R2GLMM to
random slopes models. Methods Ecol Evol. 2014;5(9):944-946.

18. Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN checklist for as-
sessing the methodological quality of studies on measurement proper-
ties of health status measurement instruments: An international Delphi
study. Qual Life Res. 2010;19(4):539-549.

19. Gardner B, Whittington C, McAteer J, Eccles MP, Michie S. Using theory to
synthesise evidence from behaviour change interventions: The example
of audit and feedback. Soc Sci Med. 2010;70(10):1618-1625.

TBM

020z 1snbny 20 uo Jasn uopuo abejj0) Alsieaun Agq 0Z2G0885/0S0BEALWAYEE0L 0 L/I0p/3]01e-80UBADE/WA)/WOoD dno"ojwapede//:sdiy wolj papeojumoqg



ORIGINAL RESEARCH

TBM

20.

21.

22.

23.

24,

25.

26.

27.

Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: Effects on pro-
fessional practice and healthcare outcomes. Cochrane Database Syst Rev
2012;(6):CD000259. doi:10.1002/14651858.CD000259.pub3.
Michie S, Marques MM, Norris E, Johnston M. Theories and interventions
in health behavior change. In: Revenson TA, Gurung RAR, eds. Handbook
of Health Psychology. New York, NY: Routledge; 2018:69-88.

Ajzen |. The theory of planned behavior. Organ Behav Hum Decis
Process. 1991;50(2):179-211.

Schiiz B, Sniehotta FF, Mallach N, Wiedemann AU, Schwarzer R..
Predicting transitions from preintentional, intentional and actional
stages of change. Health Educ Res. 2009;24(1):64-75.

Strack F, Deutsch R. Reflective and impulsive determinants of social be-
havior. Pers Soc Psychol Rev. 2004;8(3):220-247.

Hollands GJ, Bignardi G, Johnston M, et al. The TIPPME intervention typ-
ology for changing environments to change behaviour. Nat Hum Behav.
2017;1(8):0140.

Michie S, Prestwich A, de Bruin M. Importance of the nature of com-
parison conditions for testing theory-based interventions: Reply. Health
Psychol. 2010;29(5):468-470.

Prestwich A, Sniehotta FF, Whittington C, Dombrowski SU,
Rogers L, Michie S. Does theory influence the effectiveness of

28.

29.

30.

31

32.

33.

health behavior interventions? Meta-analysis. Health Psychol.
2014;33(5):465-474.

Rimer BK, Glanz K. Theory at a glance: a guide for health promotion prac-
tice. US Department of Health and Human Services, National Institutes of
Health, National Cancer Institute; 2005.

Nilsen W), Pavel M. Moving behavioral theories into the 21* century:
Technological advancements for improving quality of life. IEEE Pulse.
2013;4(5):25-28.

Moore GF, Audrey S, Barker M, et al. Process evaluation of
complex interventions: Medical Research Council guidance. BMJ.
2015;350:h1258.

Kok G, Gottlieb NH, Peters GJ, et al. A taxonomy of behaviour change
methods: An Intervention Mapping approach. Health Psychol Rev.
2016;10(3):297-312.

Michie S, Thomas J, Johnston M, et al. The Human Behavior-Change
Project: Harnessing the power of artificial intelligence and machine
learning for evidence synthesis and interpretation. Implement Sci.
2017;12(1):121.

Connell Bohlen L, Michie S, de Bruin M, et al. Do combinations of be-
haviour change techniques that occur frequently in interventions reflect
underlying theory? Ann Behav Med. 2020. (in press)

page 17 of 17

020z 1snbny 20 uo Jasn uopuo abejj0) Alsieaun Agq 0Z2G0885/0S0BEALWAYEE0L 0 L/I0p/3]01e-80UBADE/WA)/WOoD dno"ojwapede//:sdiy wolj papeojumoqg


https://doi.org/10.1002/14651858.CD000259.pub3

