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Abstract 

Background  Clinical trials provide much of the evidence that guides decision making about treatment and care 
but are often complicated to deliver. Trials can be thought of as complex systems with interacting individuals, 
as such behavioural science is a useful lens to investigate how trial processes may be improved. To guide selection 
of an appropriate behavioural theory, model, or framework to further enhance trial processes, we sought to map their 
past application within the design, conduct, analysis and reporting of clinical trials.

Methods  A scoping review to investigate the breadth of trials methods research that has utilised a behavioural the-
ory, model, or framework was conducted through a database search and citation analysis. Publications investigating 
any part of the trial lifecycle (from design to reporting) through a behavioural lens were included. Data were extracted 
from each study and organised thematically to summarise trends in behavioural approach application within different 
trial-related behaviours and contexts.

Results  A total of 96 studies were included. A majority of these (n = 93, 97%) investigated trial conduct processes, 
such as recruitment and retention. A total of 23 unique theories, models or frameworks were identified. Three behav-
ioural theories, models or frameworks, the Theory of Planned Behaviour (n = 23, 24%), Social Cognitive Theory (n = 12, 
13%) and the Theoretical Domains Framework (n = 30, 31%), accounted for more than two-thirds of those utilised. 
When compared to key stages of the Knowledge to Action cycle, approaches reported in included studies were most 
often utilised to “Identify a problem” within trials (n = 40, 42%).

Conclusion  A wide variety of behavioural approaches to investigate trial conduct were identified. However, the trial 
processes studied were focused within trial recruitment and largely used a select number approaches. Future research 
should assess whether these approaches are fit for purpose, as well as prioritising other trial areas for methods 
research.

Keywords  Behavioural science, Clinical trials, Trials methodology, Scoping review

Background
Clinical trials remain the gold-standard of evidence for 
evaluating medical interventions and changes in clinical 
practice. If conducted rigorously, they provide unbiased 
estimates of treatment effectiveness, safety and other 
meaningful clinical outcomes [1]. However, for trials 
to be conducted rigorously, they themselves need to be 
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informed by evidence on best practice regarding their 
design, conduct, analysis and reporting [2]. Past research 
has generated many useful insights and recommenda-
tions to inform the conduct of trials, from early consid-
erations as to the need for a trial [3] through to how trial 
results can reach participants [4]. Unfortunately, translat-
ing these insights into meaningful improvements in trial 
processes has proved difficult [5–7]. Within recruitment 
and retention to trials (i.e. enrolling and keeping partici-
pants on a trial until the end, respectively), systematic 
reviews of interventions targeting either process have 
shown a lack of overall effect, focussed replication and 
quality [8, 9]. A critical oversight in many of these studies 
could be traced to their lack of a theoretical basis, as rec-
ommended when designing such complex interventions 
[10]. Such theoretical foundations ensure that interven-
tions are designed systematically, with proposed inter-
vention elements being linked to mechanisms to bring 
about the desired change [11, 12]. They also standardise 
elements of research language, defining key elements of 
influence through a shared vernacular, allowing more 
explicit accounts of what needs to change and how. This 
shared language also has the benefit of improving dis-
semination and reproducibility of interventions when its 
elements and procedures are clearly articulated in terms 
others are immediately able to understand [11, 12].

There are many theoretical perspectives that one can 
adopt when investigating trial processes. However, one 
needs to consider if certain theories can accommodate 
the complex nature of trials, as well as guiding interven-
tion development [13]. One such field that does meet 
these requirements is that of behavioural science. Behav-
ioural science defines the actions, people, and contexts 
that, together, constitute a behaviour and how to go 
about influencing these behaviours [14]. In a trials con-
text, that means defining the many processes that must 
be enacted (actions) by the trial staff and the participants 
(people) at certain places and points in time (context). 
Use of these behavioural perspectives is present in the 
trials methods literature, with a prior review identifying 
a range of theories being applied to investigate and/or 
intervene on recruitment and retention to trials [15, 16]. 
Still, this review was limited to those two trial processes, 
which leaves a significant portion of the trial lifecycle that 
includes behaviours unaccounted for.

As part of our larger project on incorporating behav-
ioural science into trials methodology, we have con-
ducted a scoping review. Our aim was to identify any 
instances of a behavioural theory, model or framework 
(TMFs) being used to investigate any process(es) within 
clinical trials and/or to develop solutions to target those 
processes. This review updates and expands the previ-
ous review on recruitment and retention by including all 

processes along the trial lifespan as well as including a 
wider range of host trials [16].

Methods
This scoping review was conducted according to a pre-
specified protocol (available on the Open Science Frame-
work: https://​osf.​io/​brxcq). The review was conducted to 
be as systematic in its search and data extraction as pos-
sible through adherence to this protocol.

Types of studies
Eligible studies were set within host clinical trials, 
making use of their clinical populations to investigate 
methodological research questions. Clinical trials (here-
after referred to as “trials”) were defined as “any type of 
research that studies new tests and treatments and evalu-
ates their effects on human health outcomes, including 
medical interventions, drugs, cells and other biological 
products, surgical procedures, radiological procedures, 
devices, behavioural treatments and preventive care” 
(World Health Organization, 2019). We identified stud-
ies that reported research into the development and/or 
evaluation of a trial:

•	 Design (i.e. planning the trial design or methods and 
procedures to be followed for the trial)

•	 Conduct (i.e. the day-to-day operations of the trial)
•	 Analysis (i.e. the statistical or other analysis applied 

to the trial data)
•	 Reporting (i.e. the dissemination of the trial results 

and conclusions)

Eligible studies needed to report the explicit use of a 
TMF in their exploration of any of these trial areas. Tri-
als were either hypothetical or real trials, as defined 
below. Hypothetical trials are used, broadly, in investiga-
tions into the design and/or conduct of proposed trials 
or identifying general barriers and/or facilitators to trial 
participation. These investigations are conducted within 
the same, or similar, populations that a future trial will be 
targeting for participation.

(1)	 Hypothetical:

•	If a study proposes participation* in a general trial 
based on a disease/condition that potential partic-
ipants have/could have;

•	If a study proposes participation in a specific type 
of trial (e.g. surgical/pharmaceutical/behavioural) 
based on a disease/condition that potential par-
ticipants have/could have;

https://osf.io/brxcq
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•	If a study proposes participation in a planned trial 
(i.e. one that is not recruiting);

•	If a study proposes participation in an active trial 
(i.e. one that is recruiting) but is outside the actual 
trial context (i.e. participants are aware they are 
not making a real decision to enrol or not);

(2)	 Real—If a study assesses processes in an active/
completed trial.

*Participation being any process within a trial but typi-
cally recruitment/retention activities

Inclusion criteria
Types of eligible studies included:

•	 Those that developed a behaviourally focused under-
standing of trial processes (e.g. use of semi-structured 
interviews or surveys developed using behavioural 
TMFs that identified key domains of importance to 
trial design/conduct/analysis/reporting);

•	 Those that developed a behaviourally focused trial 
process intervention to inform future studies (e.g. 
empirical studies that have developed interventions, 
such as using TMFs to develop training packages for 
health care professionals to improve recruitment to 
clinical trials, but have not been evaluated);

•	 Those that have assessed effectiveness of an interven-
tion informed directly by a behavioural TMF that is 
targeting trial design/conduct versus a comparator 
(e.g. another intervention or usual practice);

•	 Explorations/assessments of how the clinical inter-
ventions being evaluated in a trial are implemented 
will be included provided they clearly consider trial 
processes specific to implementing the intervention 
within a trial.

Exclusion criteria
The following exclusion criteria were applied:

•	 Studies evaluating a trial intervention that did not 
apply an explicitly defined behavioural TMF;

•	 Studies exploring the challenges and solutions to 
poor trial design/conduct that did not use a behav-
ioural TMF to understand findings or develop inter-
ventions;

•	 Studies that aim to improve/evaluate adherence to 
a clinical intervention being evaluated within a trial 
rather than a trial-specific process;

•	 Explorations/assessments of how the clinical 
intervention(s) being evaluated in a clinical trial are 
implemented were excluded if they:

◦  Focused on implementing the intervention into 
clinical practice generally;
◦ Focused on the success/failure of the intervention 
on the desired health outcome(s).

•	 Papers that offered commentaries on any trial pro-
cess without generating primary data and/or analys-
ing data through their chosen TMF;

•	 Studies in which the context is unclear, i.e. whether 
the research is being undertaken within a clinical 
trial context or research in a clinical setting more 
generally.

•	 Studies that investigated trial processes alongside 
other, non-trial research objectives, where we could 
not reliably separate the results, i.e. the studies report 
findings as a whole without distinguishing what 
results are specific to the trial context.

Search method for identifying studies
A search strategy was designed and refined through dis-
cussion with the authors and a Senior Information Sci-
entist (PM) and informed by previous work conducted in 
this area [8, 9, 16]. Searches were applied to, MEDLINE, 
Embase, CINAHL, ERIC, PsycInfo, Web of Science and 
ASSIA from 1966 through November 2023. A search for 
additional studies was undertaken through a backward 
and forward citation analysis of three “seed” publica-
tions, known to the authors, that met the above eligibil-
ity criteria and focused on areas outside recruitment and 
retention. Additionally, any reviews that met the above 
criteria for inclusion were screened for primary studies 
that met inclusion criteria. Finally, identified papers that 
had developed a trial process intervention informed by 
a TMF were assessed for published evaluations of said 
intervention, and those that had evaluated an interven-
tion, a publication of the development was sought.

Eligibility of studies
Citations identified through the search were indepen-
dently assessed via title and abstract by two authors, 
each then screening a select 10% sample of the others 
to establish consensus. Abstracts were reviewed for 
explicit mentions of a potential behavioural theory, 
model or framework, as well as assessing initial eligibil-
ity based on the inclusion/exclusion criteria. Any disa-
greements regarding eligibility were discussed between 
reviewers to establish consensus with a third member 
of the team acting to resolve any disputes. Full-text 
papers were obtained for studies considered potentially 
relevant and were further assessed against the inclu-
sion/exclusion criteria. The eligibility of a potential 
TMF as behavioural (based on the definitions below) 
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was determined at this full-text stage. Full-text papers 
were assessed independently by two authors with a 
third author helping to establish consensus if there was 
any disagreement.

Eligibility of theories, models and frameworks
Authors assessed whether the reported theories, mod-
els or frameworks within eligible studies qualified as 
behavioural through one of two mechanisms. The first 
was by comparing the theory name, and references for 
said theory, against a published list of theories of behav-
iour and behaviour change [14]. This list was developed 
through expert consensus and sought to identify theo-
ries of relevance to public health interventions across 
social and behavioural sciences [14]. Davis et  al. also 
provided a list of excluded theories that appeared in 
their search but were agreed to not be behavioural. For 
TMFs reported in identified studies not explicitly ref-
erenced in this list, we then assessed their eligibility 
through a second mechanism. This second mechanism 
evaluated whether a TMF met a definition of theory 
developed by Davis et al., which stated:

“A set of concepts and/or statements with specifica-
tion of how phenomena relate to each other. Theory 
provides an organising description of a system that 
accounts for what is known, and explains and pre-
dicts phenomena” [14].

The TMF reported was also evaluated as to whether it 
considered “individual behaviour as an outcome or part 
of the process leading to the outcome”, as this review 
was only concerned with the behaviours of individuals 
and theories that can explain those behaviours [14]. As 
such, behaviour was defined as:

“Anything a person does in response to internal or 
external events. Actions may be overt (motor or 
verbal) and directly measurable or, covert (activi-
ties not viewable but involving voluntary mus-
cles) and indirectly measurable; behaviours are 
physical events that occur in the body and are con-
trolled by the brain” [14].

Models and frameworks (e.g. Theoretical Domains 
Framework) were included when we could establish 
that they had been developed from theoretical con-
structs from included theories. A model/framework 
was defined as:

“Organising structures of constructs that do not 
meet the definition of theory in that they do not 
offer predictions about how constructs relate to 
each other or allow prediction of outcomes” [14].

Data extraction
A data extraction form was piloted and refined by two 
authors (TC and NY). Information from included stud-
ies was extracted by one author and entered into an 
Excel sheet, with a select 10% sample (sampled to include 
diversity of trial behaviours, TMFs used, and host trial 
contexts) assessed by a second author for accuracy and 
completeness. Examples of data categories included, 
but were not limited to study design, host trial clinical 
area/context, study population, trial process category 
and behavioural approach. National Institute for Health 
Research guidance on “underserved groups” was used to 
define these groups reported within included trials [17]. 
A list of countries that the Organisation for Economic 
Co-operation and Development (OECD) has defined as 
developing was used to classify countries under study as 
“low” or “high” resources settings [18].

Data analysis
This review aimed to synthesise summary findings across 
a range of different study designs to describe current 
research in the area. Results of the studies are presented 
in a narrative format, separated into sections of themati-
cally similar findings. Quantitative data, such as year and 
origin of publication, are presented using frequencies.

The TMFs utilised in eligible studies were assessed for 
how they were applied, being categorised into one of the 
following three categories derived from the Knowledge to 
Action (KTA) framework [19]:

(1)	 Identify Problem: Exploratory in nature—may not 
a priori define the use of the TMF to identify what 
the barriers/facilitators to trial processes are but 
uses the TMF more generally to identify or explain 
one or more trial processes. This phase does not 
identify targets for change.

(2)	 Assess barriers/facilitators to knowledge use: 
focuses on targets for change. Uses TMFs to iden-
tify behavioural determinants in the context of trial 
process problems and considers the barriers and 
facilitators that enhance or dampen these targets. 
This phase does not include development of inter-
ventions to modify the identified targets.

(3)	 Select, tailor, implement interventions: involves 
TMFs being used to plan and execute interven-
tions to facilitate the design, conduct, analysis or 
reporting of trials. It involves selecting or tailoring 
interventions to target the identified barriers. It may 
consider dissemination (tailoring the message and 
targeting it to a particular audience) and implemen-
tation (systematic efforts to encourage adoption) 
approaches.
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Results
Characteristics of included studies
A total of 96 eligible publications were identified through 
our search (see PRISMA diagram in Fig.  1 for more 
details). A majority of publications (n = 48, 50%) were 
published between 2011 and 2020, and primarily origi-
nated from North America (n = 65, 68%). A further 
breakdown of publication year and geographic origin is 
available in Fig. 2.

Host trial characteristics
The clinical area of the host trials associated with each 
publication varied. The most frequently studied clinical 
areas were cancers (n = 26, 27%), followed by HIV/AIDS 
(n = 8, 8%). A subset of publications drew from multiple 
host trials, either specifying the clinical areas sampled 
from (n = 12, 13%), whilst others did not describe the 
clinical areas sampled (n = 7, 7%). Most of the host trials 
were evaluating an Investigational Medical Product (such 
as a drug) (n = 24, 25%) or more than one type of inter-
vention (n = 21, 22%). Often, the type of intervention was 
either not stated or there was no specific intervention 
under study (n = 31, 32%). A majority of studies (n = 59, 
61%) were conducted within “real” trials (i.e. one that 

participants were actually involved in), whilst the remain-
der were within a hypothetical trial.

Demographic characteristics of included studies
Most publications (n = 58, 60%) studied participants, 
potential participants or general members of the public. 
The remainder studied either trial/clinical staff (n = 13, 
14%) or a combination of staff and participants (n = 25, 
26%). The studies were carried out in primarily high 
resource settings (per OECD criteria) (n = 83, 86%). A 
subset of the included studies (n = 42, 44%) explored par-
ticipation of underserved population in trials, such as 
racial/ethnic minorities or women.

Trial process characteristics
The vast majority (n = 93, 97%) of included studies 
explored some aspect of trial conduct. Included stud-
ies often explored more than one trial process at a time, 
reflected in the percent totals below adding to more than 
100%. Within conduct, recruitment was the most widely 
studied process (n = 76, 79% of all studies) with retention 
following (n = 17, 18% of all studies). Other trial processes 
reported in conduct included the implementation of the 
intervention (n = 5, 5% of all studies), implementation of 
the trial generally (n = 4, 4% of all studies) or involvement 

Fig. 1  PRISMA diagram
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of patient/public involvement (PPI) members (n = 1, 1% 
of all studies). Other processes studied outside conduct 
were trial design (n = 13, 14% of all studies), analysis 
(n = 1, 1% of all studies) and reporting (n = 1, 1% of all 
studies).

Theory use
Most included studies applied the TMFs prospectively 
(n = 85, 89%). The number of individual applications of 
each TMF is detailed below in Fig.  3 with 23 theories, 
models or frameworks being reported only once in the 
included studies. Counts for historically related TMFs 
(e.g. Theory of Reasoned Action and Theory of Planned 
Behaviour (TRA/PB)) are combined. Multiple TMFs 
were reported in some included studies, as such the over-
all counts of TMFs used exceeds the number of included 
papers (N = 96). The most frequently cited TMF was the 
Theoretical Domains Framework (TDF) (n = 30, 31%), 
followed by the TRA/PB (n = 23, 24%), and Social Learn-
ing/Cognitive Theory (SL/CT) (n = 12, 13%). Use of these 
three most frequently cited TMFs varied overtime (see 
Supplementary Fig.  1). The top three TMFs applied to 
understand trial behaviours within underserved popula-
tions were the TRA/PB (n = 13/42), SL/CT (n = 9/42) and 
the TDF (n = 5/42) (Supplementary Fig. 2).

Knowledge to action phases
In addition to what TMFs were reported and how often, 
we also assessed how each TMF was applied according 

to three key KTA phases [19]. Of the 96 included stud-
ies, the majority (n = 40, 42%) applied the TMFs to “Iden-
tify Problem”. These studies were exploratory in nature, 
utilising the TMFs more generally to probe into aspects 
of one or more trial processes. The “Identity Problem” 
studies were often explorations of larger trial processes 
like recruitment rather than specifying specific behav-
iours within the overall process, e.g. identification of 
patients or seeking/providing consent. The other two 
KTA phases, “Assess barriers/facilitators to knowledge 
use” and “Select, tailor, implement interventions”, were 
represented equally in the included studies (28 studies 
each, 29%). The former focused on more specific targets 
for change, identifying behavioural determinants for 
discrete trial processes. Although the “Assess barriers/
facilitators to knowledge use” studies stopped short of 
developing interventions, in some cases they proposed 
potential strategies to enhance facilitators and reduce 
barriers to their target behaviours. The third KTA phase, 
“Select, tailor, implement interventions”, was most often 
represented by studies applying the selected TMFs to 
plan and execute interventions targeting trial processes. 
This could include adapting existing interventions or 
evaluating whether interventions successfully influenced 
the behavioural determinants targeted. In some studies, 
TMFs were applied across all three KTA phases (e.g. TDF 
used across all three phases), whilst others were applied 
to one or two of the phases. The mapping of TMFs across 
the KTA phases is presented in Fig. 4 below.

Fig. 2  Publications over time and geographic region
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Fig. 3  How often each TMF was used in our sample

Fig. 4  What KTA phase each TMF was used in
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Case studies
To further illustrate the application of behavioural TMFs 
to behavioural challenges of trial design, conduct, analy-
sis or reporting, we have presented six included studies 
to act as illustrative case studies. These have been purpo-
sively selected for variability on their origin, design, pop-
ulation, trial process studied, the TMF reported and how 
it was applied. These case studies highlight the diverse 
populations and behaviours of interest being investigated 
across the studies included in this review (see Table 1).

Discussion
Our review identified various applications of behavioural 
TMFs within the context of design, delivery, reporting 
and analysis of clinical trials. Most of those applications 
have been within trial conduct, specifically recruitment 
and (to a lesser extent) retention. Several of the included 
studies have focused on trials within particular disease 
areas (i.e. cancers and HIV/AIDs) or trials within under-
served populations (e.g. ethnic/racial minority groups, 
women). Many of the included papers reported well-
known behavioural TMFs, such as the Theory of Planned 
Behaviour and Social Cognitive Theory. However, 23 
TMFs were distinct in their application, highlighting a 
diversity of approaches applied to trials methodology. 
Most studies sought to “Identify Problems” in their appli-
cations of TMFs.

Areas of investigation
Trial conduct was the primary process category reported 
within our included studies. A vast majority focused on 
recruitment and retention to trials, with recruitment 
research far outpacing retention. This abundance of 
recruitment-focused research is consistent with findings 
from previous reviews, both within and outside behav-
ioural science applications [8, 9, 16, 20]. However, efforts 
to ensure research on retention are also offered appropri-
ate attention has gained traction in recent years [8, 21–
23]. Outside of conduct, trial design, the planning of the 
trial, was the next most frequently studied area, but still 
small in scale in comparison to the study of trial conduct 
processes, recruitment and retention.

In terms of clinical area, those studying trials within 
cancers were the majority. These findings may not be 
surprising given cancer is a particularly difficult clinical 
area to conduct trials within but also an area with several 
committed funding streams. One analysis of nearly eight 
thousand cancer trials found that 39% of these failed to 
complete due to poor recruitment [24].

Trials suffer from a lack of diversity in their sample 
populations, an issue that carries ethical and scientific 
consequences to the validity of trial results [25]. Recent 
efforts to correct this imbalance are important steps 

forward but may lack demonstrable impact if they fail to 
meaningfully improve both the number and experiences 
of underserved participants within trials [25]. Our results 
reflect a significant portion of behaviourally informed 
methods research focused on this area. Behavioural 
TMFs applied in the studies typically accommodate mul-
tiple socio-ecological levels in their constructs, as such 
they may be particularly well-suited to explore the com-
plex psychological and socio-economic factors influenc-
ing poor participation from underserved groups [13, 14, 
26]. Many of the investigations identified in our sample 
went past exploratory work into the development and 
testing of interventions aimed at improving underserved 
groups’ participation.

A number of included studies applied TMFs to develop 
behaviour change interventions, representing the “Select, 
tailor, implement interventions” phase of the KTA cycle. 
Despite some interventions demonstrating effective-
ness in improving trial processes like recruitment, they 
are rarely replicated—a generic issue in the improving 
recruitment and retention space [8, 9]. It is difficult to 
ascertain why so many potentially promising interven-
tions appear to fade into obscurity past these initial pub-
lications. It may be that any improvements were seen as 
minimal, particularly when considering the fiscal and 
opportunity costs associated with further refining and/
or implementing these interventions [27]. Another sce-
nario may be that these interventions are implemented, 
but only within the limits of the trials units that partici-
pated in their development. As with clinical improve-
ments, methodological improvements are slow to reach 
practice and require that their developers promote their 
implementation to wider user bases, along with the “buy-
in” from these user bases that motivates them to adopt 
innovations [6, 7]. It is essential that these interventions 
are replicated and evaluated for acceptability and fea-
sibility with trialists. The grounding of interventions in 
behavioural TMFs can facilitate this work, anchoring 
their mechanisms and outcomes in shared theoretical 
language [12, 28].

Finally, most of the included studies were hosted 
within “real” trials, gathering insights from participants 
and/or staff from active or completed trials rather than 
asking about a proposed or otherwise hypothetical 
trial. This is notable because of the literature available 
that suggests hypothetical decisions/behaviours can be 
different from actual behaviour [29, 30]. To frame that 
within trials, there are likely different theoretical con-
siderations to explain/predict the behaviour of indi-
viduals that are faced with the actual consequences of 
enrolling/conducting a trial versus when they are con-
templating it as a possibility. Care should then be exer-
cised when designing/interpreting investigations of 
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hypothetical versus real behaviours within trials, par-
ticularly whether mechanisms will generalise to real-
world trial processes [30, 31].

Theory use
The top three TMFs reported in our sample were the 
Social Cognitive Theory (formerly Social Learning 
Theory), the Theoretical Domains Framework and the 
Theory of Planned Behaviour (formerly the Theory of 
Reasoned Action). The representation of these three 
TMFs is similar to our past review on application of 
behavioural science to recruitment and retention and 
appears consistent with the TMFs most often used in 
research on healthcare behaviours [14, 16, 26]. Although 
these TMFs are well-represented in the literature, it is 
still important to interrogate if these TMFs are accu-
rately and cohesively representing the behavioural influ-
ences and mechanisms of clinical trial processes. How 
to go about choosing a TMF is a challenging endeavour, 
and one that is often predicated on the experience of 
the researchers, what they are familiar with, and what 
has been used previously [12, 13, 26]. This can lead to 
perpetualisation of TMFs without proper assessment 
of their fit for purpose or whether their use leads to 
improved effectiveness in interventions [12, 13]. Even 
if TMFs are only applied in exploratory roles, some are 
lacking in their abilities to frame factors outside of indi-
vidual actors [26]. In complex systems, like trials, it is 
imperative to incorporate all interacting components 
within a system that can exert an influence on an indi-
viduals’ behaviour [12, 13]. Ideally, all aspects of a speci-
fied behaviour should be explicable through a chosen 
TMF and all constructs of a TMF found to contribute to 
these explanations [12]. When work moves into develop-
ing interventions, the proposed mechanisms of change 
for the intervention should be explicitly linked to the 
explanatory constructs of the TMF [13, 26, 31]. Fur-
ther, any evaluation of an intervention’s effectiveness 
should select outcome measures that assess whether 
the appropriate theoretical constructs were influenced, 
via the proposed mechanism of action, leading to the 
desired change in behaviour [11, 26, 32–34]. Many of the 
included studies within our review do not clearly report 
information about theory selection, application or evalu-
ation, if at all. This often led to confusion in when a TMF 
was applied, how much of it was applied, and what trial-
related behaviours researchers were trying to target [12, 
32]. Without proper specification of the target behav-
iour, it is unclear to those outside the research team what 
explicit behaviours within larger conceptual processes, 
such as “recruitment”, “participation” or “enrolment”, 
are being targeted in the investigation. Such ambiguity 
deters attempts to collate findings across papers, except 

at the highest level of processes [28, 35]. With so many 
individual, distinct behaviours existing within processes 
like recruitment, collapsing them under one umbrella 
term fails to illustrate the heterogeneity of behaviours 
being studied. Lack of specification also precludes 
attempts to replicate findings/interventions or to adapt 
interventions to other populations and contexts [11–13, 
32, 33]. This lack of reporting clarity is not unique to tri-
als methodology but is particularly burdensome to trial-
ists that do not have the time or possibly experience to 
tease out essential details on intervention operationali-
sation, and how they might be able to refine implemen-
tation to suit their individual trial centre circumstances 
[7, 12, 32, 36].

Strengths and limitations
This review has several strengths. Our search strategy 
was designed to be as inclusive as possible, of both behav-
ioural TMFs and trial processes. The volume of results 
returned from the database search makes it unlikely that 
much published literature was missed. Incorporation of 
a forward–backward citation analysis further reduces 
this possibility. One potential limitation to our search 
strategy is the search terms utilised to capture processes 
outside of conduct. The review utilised search terms gen-
erated for previous reviews of recruitment and retention 
research but did not benefit from similar resources out-
side those areas. Instead, we added search terms based 
on key papers within trial processes outside of recruit-
ment and retention to ameliorate this potential gap.

The review benefitted from prior work to identify 
behavioural TMFs and we referenced their results exten-
sively when including TMFs [14]. We also utilised Davis 
et  al.’s definition of theory and applied it to potential 
TMFs outside their list, further ensuring all relevant 
TMFs were captured [14]. This process, however, relied 
on checking the provided references for the TMF cited 
in the included study in order to verify if the criteria 
for behaviour and theory were met. There were some 
instances in which the cited TMF references were insuf-
ficient to make an informed decision on the TMFs inclu-
sion and so were excluded.

Conclusions and future directions
This work has highlighted the wide-ranging application 
of behavioural science to processes within clinical tri-
als. However, it also reinforces a focus of trials methods 
research being on recruitment and retention. Future 
activity should consider other trial related behaviours, 
such as dissemination of trial results to participants, 
when employing a behavioural lens. Efforts to stand-
ardise how behaviourally focused research is conducted 
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and reported are ongoing and need to be implemented 
within the trials methodology space [12, 35, 37]. This 
will be essential in synthesising evidence on factors 
underlying trial participation, and related processes, 
and how best to improve it. Further clarity in TMF 
application will allow for hypothesis testing of theo-
retical constructs, either providing evidence of fit or 
demonstrating lack of utility, both providing a more 
succinct repertoire of potential TMFs to choose from 
in future studies [26, 38]. Ongoing research aims to 
provide agreement on which TMFs can be considered 
further for their utility in understanding trial processes. 
Further, the theoretical constructs of some behavioural 
TMFs can be linked with “active ingredients”, known 
as behaviour change techniques (BCTs), in behaviour 
change interventions [39]. Appropriate BCTs can be 
selected based on the theoretical constructs that need 
to be targeted, such as the “Instruction on how to per-
form the behaviour” BCT being utilised in an interven-
tion to improve staff recruitment practices through 
consent training. The updated and expanded collec-
tion of BCTs is now available alongside other essential 
intervention components, such as “Mode of Delivery”, 
within the Behaviour Change Intervention Ontology 
(BCIO). The higher level of description afforded by 
the BCIO will allow intervention developers to specify 
precisely how their interventions are meant to work, 
how they are meant to be delivered and other essen-
tial information for adaption, replication and syntheses 
of interventions and their effects [40]. Extending the 
methodological application of behavioural TMFs across 
trials (and processes) in a range of settings, recruiting 
diverse populations and testing a variety of interven-
tions will further develop the knowledge base on how 
behavioural science can be leveraged to improve clini-
cal trials by making their design, conduct, analysis and 
reporting more evidence based and participant centred.
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