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Abstract

Background: A cross-disciplinary scoping review of behavior change theories identified 83,
with many similarities and overlapping constructs. Investigating the derivation of these
theories may provide further understanding of their contribution and intended application.
Purpose: To develop and apply a method to describe the explicit derivation of theories of
behavior change.

Methods: A network analysis of the explicit ‘contributing to’ relations between the 83 theories
was conducted. Identification of relations involved textual analysis of primary theory sources.
Findings: 122 connections between the theories were identified amounting to 1.8% of the
number possible. On average, theories contributed to one or two theories (Mean =
1.47+3.69 contributions) and were informed by one or two theories (Mean = 1.47+1.61
contributing theories).

Discussion: Most behavior change theories appear to be explicitly informed by few prior
theories. If confirmed, this suggests a considerable dislocation between generations of
theories and would be expected to undermine scientific progress.
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Introduction

Interventions and policies that aim to effect even small changes in health behaviors can lead
to substantial improvements to public health (1-6). Research evaluating health behavior
change interventions targeting a variety of behaviors at the individual, community and
population levels indicates that success of behavior change interventions is varied with many
examples of both successful and ineffective interventions (5-13).

Systematic application of appropriate theories of behavior and behavior change (hereinafter
referred to as theories of behavior change) may support the development of effective
behavior change interventions in several ways (14). By theory, we mean ‘a set of concepts
and/or statements with specification of how phenomena relate to each other’ (a consensus
definition of a multidisciplinary expert group of psychologists, sociologists, anthropologists
and economists) (15). Theories of behavior change summarise the cumulative knowledge of
mechanisms and moderators of change across different populations, behaviors and contexts
and thus provide an organising description of a system that accounts for what is known, and
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explains and predicts phenomena ** By linking theoretical constructs and mechanisms of
action to behavior change techniques, intervention developers can use theoretical
understanding of behaviors in their contexts to select, refine and tailor behavior change
techniques and intervention evaluators can investigate mechanisms of action that brought
about intervention effects (14). Some reviews have found a positive association between
the use of theory in intervention development and effectiveness of interventions (10, 16-20),
while other reviews have found mixed, null or even negative results (21-23). These mixed
findings may be explained by the variable manner in which theories are selected and used to
develop interventions (24, 25).

Given theory’s potential value for intervention development, there is increasing recognition
that the development and evaluation of behavior change interventions should draw on
theories of behavior change (16, 17, 26-28). For example, the UK’s Medical Research
Council guidance for complex interventions recommends that those developing and
evaluating interventions should identify relevant theories to understand the process of
change and apply them to intervention development and evaluation (26-28). Despite the
potential advantages of using theory to develop behavior change interventions, they are
often designed without reference to theory. Reviews of empirical research articles have
found that the minority of interventions use theory to inform their development or evaluation,
in areas of preventive health behaviors where 35.7% were found to refer to theory (29) and
of implementation strategies where only 23% of studies explicitly used theory (30).

There are several reasons why researchers do not use theory. For example, they may not
consider it helpful, or they may lack the skills to select or apply theory, especially given the
lack of guidance in this area. The selection of theory is especially challenging given the
sheer numbers of overlapping theories and constructs in behavior change. For example, a
consensus method generated 33 theories and 128 explanatory constructs deemed as
relevant to studying the implementation of evidence based practice(31). Similarly, a recent
scoping review of behavior change theories across social and behavioral sciences identified
83 theories with many similarities and numerous overlapping constructs (15). Despite this,
the published research in behavior change is dominated by a handful of theories. For
example, a review of 193 empirical health behavior research articles published from 2000 to
2005 found that 35.7% mentioned theory with the most-often-used theories being the
Transtheoretical Model (27.5%), Social Cognitive Model (27.5%), and the Health Belief
Model (20%) (29). It is likely, therefore, that there is untapped potential in the many theories
that are rarely used (24, 29).

One method for guiding theory selection is to use a framework that has been developed
through expert-consensus and integrates theories and theoretical constructs into general
domains that can be used to assess problems and develop interventions. Two such
frameworks are the COM-B model and the Theoretical Domains Framework (TDF) (31-34).
The COM-B model of behavior seeks to provide a simple but comprehensive framework
within which other theories can be considered. The model conceptualizes behavior as part of
a mutually influencing system in which capability, opportunity and motivation interact to
change behavior (14, 35). Developed by psychologists and implementation researchers, the
TDF further elaborates on the three sources of behavior in the COM-B by outlining 14
theoretical domains that should be considered when developing interventions (32, 36). While
these methods provide a theoretical basis for intervention development and point to the
types of theory that may be relevant, the TDF and COM-B do not provide guidance for
selecting specific theories. An alternative approach to simplifying the plethora of overlapping
theories is to further our understanding of how theories relate to each other in terms of
derivation and overlapping constructs.

One method for investigating the derivation and relationships among theories, including
links, patterns and gaps, is network analysis. This research approach aims to describe,



explore and understand the structural and relational aspects of a group or network (37).
Applying a network analysis could be used to investigate the derivation of behavior change
theories by describing how or if reported connections exist among theories, identifying
theories that contributed to the development of other theories or are based on a humber of
other theories, and by identifying a group of core theories that are central in the network. In
turn, this data may be used by theory developer(s) to consider, test and integrate a broader
set of theories.

To conduct a traditional network analysis, network data are collected by asking actors in a
network to name individuals in their network. To apply this approach to theory, a method for
reliably extracting contributing theory names from articles describing the development of
each theory is necessary. The aims of this study were twofold: first, to develop a method for
extracting the names of theories that lead to the derivation of a theory as stated by the
theory developer(s); secondly, to apply the method to conduct a network analysis describing
the derivation of 83 theories of behavior change identified in the full report of the scoping
review (the book ‘ABC of Behavior Change Theories’(14)).

Method

Design

A cross-sectional, whole-network design (i.e. network data collected for each theory in the
network) was used to investigate the explicit ‘contributing to’ relations between theories of
behavior and behavior change (n = 83).

Theories

The 83 theories were identified in a scoping review of theories of behavior and behavior
change (see Supplementary File 1)(14, 15). A summary of each theory as originally
described by the theory developer(s) (i.e. the primary theory source) was used as the data
source to extract the names of contributing theories(14, 15). When unable to identify the
primary theory source, an alternative publication that included a comprehensive description
of the theory authored by the theory developer(s) was used. If a theory was refined or
expanded by its original developer(s) using the same theory name, data were also extracted
from publications reporting these refinements or expansions.

Development of the Data Extraction Method

Data were extracted from the primary theories sources by at least one pair of individuals.
The data extraction protocol was developed in four rounds, with two pairs of data extractors
testing out the data extraction protocol on two randomly selected theories in the first round,
eight theories in the second round and a different eight theories in the third round. Between
each round, the two pairs of data extractors discussed any uncertainties or discrepancies
with each other and the lead researcher (HG). The protocol was revised between each
round. Given substantial inter-coder agreement at round 3, the revised data extraction
protocol was used in round 4. To reduce coder burden a third coding pair was added in
round 4 and each of the three pairs extracted data from 21 or 22 theories.

Data extraction protocol

The initial data extraction protocol was developed by the lead researcher (HG) and the
principal investigator (SM). Pairs of researchers read randomly selected primary theory
sources from the full report of the scoping review (the book ‘ABC of Behavior Change
Theories’ (14)), followed by the original published article from which the summary was
drawn. They extracted names of theories identified as informing the development of each
theory together with the rationale for each decision to include or exclude a potential
contributing theory (data extraction form is in Supplementary File 2). To be deemed a
contributing theory, the theory developer(s) must have indicated in the theory source that the
theory contributed to the development of one or more constructs within their theory. The lead



researcher reviewed data extractors’ decisions, discussed any discrepancies and finalised
the contributing theory list.

The initial data extraction protocol was revised to account for ambiguities in theory
descriptions. Data extractors reported difficulty identifying 1) the difference between a parent
theory (i.e. contributing theory) and a peer theory (i.e. a similar or contrasting theory that did
not contribute to development); and 2) theories not identified in the scoping review that
informed the development of the theory. To address these ambiguities within primary theory
sources, data were extracted only when the theory developer(s) clearly and explicitly stated
that a specific theory contributed to the development of their theory or a construct within their
theory. Mere mention of a theory in reviewing theoretical literature or comparing theories
was not included as a contributing theory.

Analysis

Reliability of Method

Agreement between pairs of data extractors was assessed following rounds 2, 3 and 4 using
the adjusted Kappa statistic (i.e. PABAK)(38). While we also calculated percentage
agreement and Cohen’s Kappa statistic(39), PABAK was used because of its adjustment for
1) data extractors sharing bias in the use of categories and 2) high prevalence of negative
agreement (i.e. when both data extractors agree on non-contributing theories). Inter-coder
agreement values of 0.60-0.79 indicate ‘substantial’ reliability and those above 0.80 are
‘outstanding’ (40). Main themes from challenges reported by data extractors were identified
and illustrative comments for each theme were selected.

Network Analysis
The resulting network analysis was performed using UCINET v6 (41) and NETDRAW (42)
software. Network measures used to describe the derivation of behavior change theories
included network density, degree centrality (i.e. out-degree and in-degree), and assessment
of the core-periphery structure. The definition and relevance of each of these measures is
described below.

Network Density

This measure refers to the number of connections in the network as a proportion of all
possible ties in the network (43, 44). Density is calculated by dividing the number of
connections in the network by the total number of links possible within the network (44). In
the context of this analysis, the network density measure was used to determine how or if
potential connections exist between theories in the network. To understand how the range
of theory publication dates (i.e. 1922 — 2014) may have affected this measure, network
density was examined across three date ranges: 1) 1922 — 1985 (27 theories; i.e. 1/3 of the
whole network); 2) 1922 — 1999 (54 theories; i.e. 2/3 of the whole network); and 3) 1922 —
2014 (83 theories, i.e. the whole network).

Degree centrality

Centrality is a measure of the extent to which a theory occupies a central position (44).
Degree centrality is a directional measure of centrality that refers to the number of links to
and from a theory and is calculated without reference to the overall structure of the network
(44). As this measure is directional, one can measure both the number of outgoing ties from
a theory (i.e. out-degree centrality) and the number of incoming ties to a theory (i.e. in-
degree centrality). In the context of this analysis, out-degree centrality was used to identify
theories that contributed to the development of other theories and in-degree centrality was
used to identify theories that are based on other theories.

To account for range of theory publication dates, a percent out- and in-degree score was
calculated. For each theory, the total number of theories that the theory could have
contributed to (i.e. out-degree centrality) and been based on (i.e. in-degree centrality) when



the theory was published was used as the denominator and the raw in- and out-degree
centrality scores were used as the numerator.

Core-periphery structure

This measure assesses whether the network exhibits a core-periphery structure. A core-
periphery is a network structure that consists of a group of theories that are densely
connected to one another (i.e. the core) and a separate group that are loosely connected to
the core (i.e. the periphery) (44). In the context of this analysis, this measure was used to
extend the notion of centrality to groups of theories within the network.

Results

Method Development

Reliability

Across all coding rounds, average inter-coder agreement was substantial (Kappa = 0.68 +
0.41; PABAK = 0.99+0.03). The initial data extraction protocol revealed moderate agreement
levels, but reliability improved following refinement of the protocol (Kappa = 0.70+0.40;
PABAK = 0.9940.02; see last 4 columns of Supplementary file 1 and Table 1).

Challenges reported by data extractors

Data extractors reported two main challenges. The first related to the ambiguity with which
theory developer(s) described the development and origins of their theory. Authors
frequently referred to a broad scope of literature or theory rather than outlining specific
names of theories or constructs that contributed to the development of their theory.
lllustrative comments include:

(Theory Developers) seems to draw influence from many theories, but
only explicitly cites Fishbein’ (Coder 1, Social Ecological Model for
Behavior Change).

‘Discusses the scientific background leading to his research, but as
there’s a wide base of evidence for his research, it’s difficult to pinpoint
specific theories that contributed’ (Coder 1, Classical Conditioning).

‘Lists theories it is inspired by in bulk in an early sentence but not in detail’
(Coder 6, AIDS Risk Reduction Model).

The second main challenge related to ambiguity in the way in which theory developer(s)
reported contributing theories (parent theory) as opposed to similar or contrasting theories
that did not contribute to development (peer theory). Data extractors found it difficult to
discern whether authors were referring to parent or peer theories as theory developer(s) did
not explicitly state which theories contributed to the development of their theory. lllustrative
comments include:

‘Bandura & Ajzen both cited in references, but author highlights a construct from

the theory and then critiques it, he doesn’t build on this critique, rather highlights

why his model is different’ (Coder 5, The Reflective Impulsive Model).

‘It was difficult to identify contributing theories because the author does not
specify which theory is integrated to his model.” (Coder 3, Integrated Theory of
Drinking Behavior)

Network Analysis

Density

In total, 122 connections between the 83 theories (published between 1922 — 2014) were
identified amounting to only 1.8% of the number possible (see Figure 1). Density decreased
minimally overtime. From 1922 — 1985, 21 connections between the 27 theories published



were identified amounting to 3.0% of the number possible. From 1922 — 1999, 66
connections between the 53 theories published were identified amounting to 2.3% of the
number possible.

Degree Centrality

Raw degree centrality scores indicated that on average theories contributed to one or two
theories in the network (Mean = 1.47+3.69 contributions) and were informed by one or two
theories in the network (Mean = 1.47+1.61 contributing theories); 60.0% did not contribute to
any other theory in the network. Thirty-six percent of theory developers did not name any
theories within the network that contributed to the development of their theory whereas
42.2% of theory developers indicated that only one or two theories in the network contributed
to the development of their theory.

Percent degree centrality scores indicated that on average theories contributed to 2.5% of
theories possible at date of publication (range: 0 - 32%) and were informed by 6.0% of
theories available at time of publication (range: 0 — 100%). Percent out-degree centrality
scores indcated that a minority (5%) of theories were cited as contributing to at least 10% of
theories possible at time of publication: the Health Belief Model contributed to 19% of total
possible theories; Social Cognitive Theory contributed to 23% of total possible theories;
Theory of Planned Behavior contributed to 30% of total possible theories; and Self-Efficacy
Theory contributed to 33% of total possible theories.

Percent in-degree centrality scores indicated that 11 theory developers named more than
10% theories available at time of publication as contributing to their theory’s development:
Health Action Process Approach (12.2%); Integrated Theory of Drinking Behavior (13.0%);
Theory of Triadic Influence (13.0%); General Theory of Deviant Behavior (14.3%);
Integrative Model of Factors Influencing Smoking and Health Attitude and Behavior Change
(15.8%); Goal Setting Theory (16.7%); Integrative Model of Health Attitude and Behavior
Change (18.8%); Health Belief Model (25.0%); Protection Motivation Theory (33.3%); Social
Learning Theory (50.0%); and Operant Learning Theory (100.0%). Supplementary File 3
provides raw and percent degree centrality scores for all 83 theories in the network.

Network structure

The pattern of densities within the network was shown to be a core-periphery structure,
meaning that the structure consisted of a group of densely connected central (i.e. the core)
and a separate group of loosely connected theories (i.e. the periphery) (Test Fitness
=.25)(44). The density of ties among the core theories was 11%, among periphery theories
was 0.7%, from the core to the periphery 2%, and from periphery to core 0.7%. In total, 21
theories (25% of the sample) were identified as being part of the core: AIDS Risk Reduction
Model; Behavioral-Ecological Model of Adolescent AIDS Prevention; Change Theory;
Ecological Model for Preventing Type 2 Diabetes in Youth; Health Action Process Approach;
Health Belief Model; |-Change Model; Information-Motivation-Behavioral Skills Model;
Integrated Theoretical Model for Alcohol and Other Drug Abuse Prevention; Integrated
Theory of Drinking Behavior; Integrative Model of Behavioral Prediction; Integrative Model of
Health Attitude and Behavior Change; Integrative Model of Factors Influencing Smoking and
Health Attitude and Behavior Change; Pressure System Model; Protection Motivation
Theory; Self-Efficacy Theory; Social Cognitive Theory; Technology Acceptance Model;
Temporal Self-Regulation Theory; Theory of Planned Behavior; Theory of Triadic Influence;
and the Transtheoretical Model of Behavior Change.

Discussion

A method for reliably extracting names of contributing theories in theory sources and
examining their derivation using network analysis has been demonstrated. The network
analysis indicated that most behavior change theories appear to be explicitly informed by
very few prior theories. Few theories in the network contributed to the development of other



theories and few theories were informed by theories in the network. A core group of 21
densely connected theories in the network were identified with Social Cognitive Theory, the
Health Belief Model, the Theory of Planned Behavior and Self-Efficacy Theory being the
most central theories in the network. As a whole, results indicate that the reported evolution
of behavior and behavior change theory may be primarily influenced by a small subset of
theories. If confirmed, this suggests a considerable dislocation between generations of
theories and this would be expected to undermine scientific progress.

The challenges reported by data extractors and strict inclusion criteria necessary to develop
a method for extracting names of contributing theories reported by theory developer(s)
highlight how poorly many of these theories were described. Since the method could only
extract the names of theories that authors reported as contributing to their theory, there are
likely to be wider influences that we have not been able to capture. This limitation points to
the need for theorists to be explicit not only about the definitions and nature of associations
between constructs but also about influences on provenance. This limitation points to the
need for guidelines for consistently and accurately reporting theory development. Guidelines
have been developed to improve the standards of reporting interventions in the behavioral
and social sciences (i.e. CONSORT and TIDieR) (45, 46). As neither of the guidelines
address theory development, guidelines for reporting theory development have been
proposed in the ABC of Behavior Change Theories (see Supplementary File 4)(14). These
guidelines should be used as a common starting point for reporting theory development.

Theories that were central to the development of other theories in the network were also
those which are popular among intervention developer(s) and focused primarily on
individual-level factors relating to motivation and capability rather than on social and
environmental factors (24, 29). Since NICE’s guidance on behavior change at individual,
community and population level suggest that interventions that operate at several levels
simultaneously are those that are most effective (47), the desirability of considering a
broader range of theories is evident. However, it appears that once theories attain a certain
level of prominence, there is a tendency for other developers to start with these and suggest
small changes to produce a new theory (14). If behavioral science is to advance more
rapidly, a broader approach that comprehensively considers the range of theories available
and current supporting data is needed and more emphasis needs to be placed on improving
methods of theory development.

While our data extraction protocol and resulting network analysis represent a first step to
understanding the derivation of behavior and behavior change theories, several limitations of
our methodology must be acknowledged. First, the validity of our network analysis is limited
by the network boundary, that is, the 83 theories of behavior and behavior change identified
in one scoping review(15). While examining contributing theories not identified in the
systematic review was deemed too challenging for this project, this undoubtedly led to
contributing theories being omitted from the network analysis. Secondly, as previously
mentioned, the validity of the data extracted from a primary theory source is dependent on
theory developer(s)’ description of the development of their theory. Thirdly, despite double
coding and substantial reliability, methods such as these are subject to human error.

Using data mining methods made possible by electronic databases and computational
algorithms to extract the names of theories from primary theories sources would likely
improve the comprehensiveness and accuracy of data extraction. Taking this one step
forward, machine learning techniques could be combined with human expert judgment about
inclusion to form a Human-Computer Expert Network (48). This method has been shown to
be replicable, relatively insensitive to the size of text units and can help to avoid human error
(48).



In conclusion, our methodology and results represent a first step to documenting the links
and patterns between theories of behavior and behavior change. Results provide an
indication that behavior and behavior change theories may be primarily influenced by a small
subset of popular theories. By creating a reliable method for extracting names from primary
theory sources and identifying connections between theories, this work points to the need for
accurate reporting of theory development and may begin to aid theory and intervention
developer(s) to consider, test and integrate a broader range of available theories.
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Table 1. Inter-coder agreement statistics including percent agreement; Kappa and PABAK and the number of observations, theories and coding pairs
used during each coding phase.

Mean Percent Mean Percent

Phase n observations ntheories n coding pairs Positive(ziggDr)eement Agreement (SD)  Mean Kappa (+SD) Mean PABAK (+SD)
Phase 1 2 2 2 - - - -

Phase 2 16 8 36.35+37.77 98.72+1.42 0.51+0.42 0.97+0.03
Phase 3 16 8 67.08+40.25 99.40+1.32 0.78+0.35 0.99+0.03
Phase 4 64 64 65.08+42.26 99.36+1.09 0.70+0.40 0.99+0.02
Total 96 82 58.78+42.16 99.26+1.20 0.68+.41 0.99+0.03

Note. Given the purpose of Phase 1 was to refine the initial method following coder feedback, agreement statistics were not calculated. Total number
of theories coded was 82 as data was not extracted from Social Action Theory (Weber, 1978) as it was the oldest theory identified (original publication

in 1922).



Figure 1. Diagram depicting the connections between the 83 theories of behavior and behavior change

Note. Node numbers correspond to theory numbers in Supplementary File 1. Single, unconnected nodes represent theories that are not connected to
any theory other theory. Node size indicates degree centrality, with larger nodes being more central in the network.



