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Abstract

Background: Behaviour change interventions that promote physical activity have major implications for health and
well-being. Measuring intervention fidelity is crucial in determining the extent to which an intervention is delivered
as intended, therefore increasing scientific confidence about effectiveness. However, we lack a clear overview of
how well intervention fidelity is typically assessed in physical activity trials.
Methods: A systematic literature search was conducted to identify peer - reviewed physical activity promotion trials
that explicitly measured intervention fidelity. Methods used to assess intervention fidelity were categorised, narratively
synthesised and critiqued using assessment criteria from NIH Behaviour Change Consortium (BCC) Treatment Fidelity
Framework (design, training, delivery, receipt and enactment).
Results: Twenty eight articles reporting of twenty one studies used a wide variety of approaches to measure intervention
fidelity. Delivery was the most common domain of intervention fidelity measured. Approaches used to measure fidelity
across all domains varied from researcher coding of observational data (using checklists or scales) to participant self-report
measures. There was considerable heterogeneity of methodological approaches to data collection with respect to
instruments used, attention to psychometric properties, rater-selection, observational method and sampling strategies.
Conclusions: In the field of physical activity interventions, fidelity measurement is highly heterogeneous both
conceptually and methodologically. Clearer articulation of the core domains of intervention fidelity, along with
appropriate measurement approaches for each domain are needed to improve the methodological quality of fidelity
assessment in physical activity interventions. Recommendations are provided on how this situation can be improved.
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Background
Lack of physical activity is a key risk factor for mortality,
associated with approximately 5.3 million deaths per
year worldwide [1]. Regular maintenance of physical ac-
tivity can also have significant implications for physical
and mental health including reduced risk of depression
[2] reduced risk of cardiovascular disease, and weight
loss [3] and physical activity promotion is considered to
be the “best buy” for public health [4]. In the UK,

guidance from the Chief Medical Officer currently rec-
ommends at least 150 min of moderate to vigorous
physical activity (MVPA) per week. Despite this, national
levels of MVPA in the UK are low with only 39% of men
and 29% of women achieving this target [5].

Individual level (one to one and group-based) behav-
ioural interventions are a key strategy for increasing
physical activity, however, there is considerable variation
in their reported effectiveness [6–8]. This may be due to
the fact that behavioural interventions for physical activ-
ity are often complex (with many interacting factors),
and are therefore challenging to design and implement
[9]. These interacting factors moderate and mediate
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study outcomes, and include theoretical mechanisms
(e.g. motivation or confidence) and contextual factors
(e.g. participant demographics) [10]. Another, key mod-
erator of study outcomes is intervention fidelity - the ex-
tent to which a behavioural intervention was designed,
implemented and received as intended [11, 12].

Inadequate attention to the assessment of intervention
fidelity can increase the risk of type 1 and type 2 errors
and result in spurious conclusions about intervention ef-
fectiveness [11]. As well as allowing more accurate
judgements about effectiveness [13], assessing fidelity
can also facilitate easier replication and implementation
of behavioural interventions in real world settings [9].
The UK, Medical Research Council (MRC) guidelines
emphasise the importance of fidelity assessment when
interpreting outcomes [14, 15]. One framework specific-
ally developed for individual level behaviour change inter-
ventions was developed by the NIH Behaviour Change
Consortium (BCC). The BCC conceptualised fidelity
across five core domains: Study Design, Provider Training,
Intervention Delivery, Intervention Receipt and Enact-
ment. Study Design is concerned with whether a study ad-
equately tests its hypotheses in relation to its underlying
theoretical and clinical processes. Provider Training in-
volves standardizing training between providers and en-
suring they are trained to clear criteria and monitored
over time. Intervention Delivery involves assessing and
monitoring differentiation (differences between the inter-
vention and any comparison treatments), competency
(skills set of provider), and adherence (delivery of intended
components). Intervention Receipt refers to whether the
intervention was understood and ‘received’ by participants
and enactment refers to whether participants used inter-
vention related skills in day to day settings [11, 13, 16].
The NIH BCC framework provides guidance for the as-
sessment, enhancement and monitoring of fidelity, how-
ever, the focus of the present review is on assessment.
Focussing on assessment is important to ensure proposed
strategies to enhance fidelity (e.g. those recommended by
the NIH BCC) have indeed been successful (e.g. did the
provision of a treatment manual result in adequate adher-
ence to treatment components?) and also facilitates accur-
ate monitoring of fidelity over time.

If the assessment of intervention fidelity is important,
then agreement on what constitutes fidelity in physical
activity interventions is clearly needed. In addition, rec-
ommendations for good practice could help to reduce
the risk of bias when assessing fidelity [17, 18]. Despite
this, reviews investigating fidelity assessment in health
behaviour research [16, 19] self-management [20, 21],
mental health [22] school based drug abuse prevention
[23] and physical activity [24, 25] have revealed that
there is considerable variability in the conceptualisation
and measurement of intervention fidelity. For example,

in a review of diabetes self-management interventions,
it was reported that intervention fidelity was assessed
inconsistently, using a range of different concepts, in-
cluding adherence to intervention content, duration,
coverage and quality of programme delivery. There was
also heterogeneity in measurement, with a variety of
approaches such as participant self-report, researcher
observation, and provider self-report [20].

A variety of ways to conceptualise [11, 13, 16, 26] and
measure [22, 27] fidelity in behavioural interventions
have been suggested. Previous studies have also reviewed
the theoretical basis of physical activity counselling in-
terventions, and competency level of the interventionists
[24] and highlighted the importance of assessing fidelity
in physical activity interventions based on motivational
theories [25]. However, to the best of our knowledge, a
review of whether and how fidelity has been assessed
(using the NIH BCC framework) in physical activity in-
terventions, along with an appraisal of the quality of
these approaches and association to outcomes is lacking.
An overview of this field would provide intervention de-
velopers with a foundation to improve fidelity assessment
of their own interventions, and provide researchers and
reviewers with a means to assess the extent to which
reported intervention processes are a) delivered and b)
responsible for study outcomes.

The current review has four key aims. Firstly, to iden-
tify and summarise (using the NIH BCC framework)
how behavioural interventions to promote physical activ-
ity in adults have conceptualised and measured fidelity.
Second, to summarise the reported results of fidelity as-
sessments. Third to summarise any reported associations
of fidelity and other intervention outcomes. Fourth, to
critically appraise the methodological approaches identified.

Methods
Searches
A search of the databases PsychInfo, PsychArticles,
MEDLINE, Embase, and Google Scholar was undertaken
in March 2017 for all studies published in English up to
that date. Searches were carried out on titles, abstracts
and keywords using proximity and wildcard operators to
maximise the range of potential studies. Search terms
for intervention fidelity (Additional file 1) were informed
by previous reviews [16, 20, 28] and consisted of syno-
nyms for intervention fidelity (e.g. treatment integrity)
combined with those for ‘exercise’ (e.g. physical activity).
Additional searches were carried out by citation search-
ing of included papers.

Study inclusion/exclusion criteria
Retrieved studies were included based on the following
criteria: [1] Mentioning fidelity (or related term) in the
title, abstract or keywords either as a main focus of the
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study or as a nested study (e.g. as an analysis conducted
within a trial or feasibility study); [2] Individual level be-
havioural interventions [29] designed to increase any
type of physical activity; [3] Study focussed only on
physical activity and no other behaviours (e.g. diet,
smoking); [4] Study involving adults aged 18 or over; [5]
Peer reviewed publications in English published up to
March 2017 (no time frame imposed) [6] RCTs, observa-
tional studies pre-post studies, case-controlled or other
quasi-experimental studies. Comparison groups could
include usual care, no intervention or other interven-
tions as the present study was only interested in the
main intervention group. Studies were excluded if the
intervention consisted of structured exercise alone or
behavioural support plus structured physical activity (e.g.
exercise classes) (Additional file 2).

Study selection
All titles and abstracts were screened by the lead author
(JL) with 10% independently screened by another co-
author (RC). All full texts were also screened independ-
ently by JL and RC. Inter-rater reliability was calculated
using the AC1 statistic [30] and disagreements were re-
solved by discussion and, if necessary, mediated by a
third author (CG).

Data extraction and synthesis
Data extraction and synthesis was guided by previous
recommendations on the conduct of narrative synthesis
in systematic reviews. Narrative synthesis is an approach
used in systematic reviews to textually summarise find-
ings from the included studies [31]. Characteristics of
the main intervention study (i.e. study design, population,
intervention, and physical activity outcome) were ex-
tracted in addition to fidelity data. Borrelli (2011) provides
the latest iteration of the NIH BCC treatment fidelity
checklist [11, 13, 16] (now referred to as the ‘treatment fi-
delity assessment and implementation plan’). Items per-
taining only to fidelity assessment (within the domains of
design, training, delivery, receipt and enactment) were
used to organise and summarise the descriptions of author
attempts at assessing fidelity, methods used to collect data
and fidelity outcomes (Table 1). All items from the treat-
ment fidelity assessment and implementation plan were
not used as they referred to aspects not related to assess-
ment (e.g. use of a treatment manual). Although import-
ant, these items relate to ‘enhancing’ as opposed to
‘assessing’ fidelity. Nvivo (version11) was used to organise
the data.

As no specific criteria for appraising the quality of fidel-
ity assessment exist, studies were critically appraised based
on criteria suggested in previous studies to represent good
practice when assessing fidelity [11, 13, 16, 17, 22]. The
more general recommendations made in the NIH BCC

papers were used to create a checklist by the study au-
thors. This aimed to provide a sense of the ‘quality’ of the
application of each method. The checklist items assessed
the presence or absence of good practice methods for each
study and confirmed how robust the fidelity measures
were (Table 1). There were eleven criteria overall, with
two for design, one for training, six for delivery, one for
receipt, and one for enactment and one applied to all do-
mains.. A previous checklist has been developed (i.e. the
treatment fidelity assessment and implementation plan) to
quantify the extent to which studies have assessed moni-
tored and enhanced fidelity according to the five domains
of the BCC framework [11, 13, 16]. However, this checklist
was not appropriate for the purpose of appraising the
quality of the assessment measured, as they did not in-
clude more specific items relating to the methodological
quality of the fidelity measures themselves (e.g. method
used to collect fidelity data). Data from all included studies
was independently extracted and appraised by two authors
and compared. Discrepancies were resolved by discussion
with a third author.

Results
Included studies
As highlighted in the PRISMA flow chart (Fig. 1), the
search identified 11,464 records. Once duplications were
removed, 8262 records remained. After title and abstract
screening, 47 full texts were examined further with 28
articles describing 21 physical activity interventions in-
cluded in the review. Inter-rater reliability for titles and
abstracts was excellent (AC1 = 0.99) but poor for full
text (AC1 = 0.23). However further discussion revealed a
systematic difference in the way that one inclusion cri-
terion was being applied (focussing on physical activity
as an outcome rather than as a focus of the interven-
tion). After clarification, the full text screening yielded
perfect agreement (AC1 = 1).

Study characteristics
16 studies were RCT’s [32–48] and five were one arm
(pre-post) trials [49–53]. All studies reported some form
of behavioural support which aimed to increase the up-
take of physical activity (e.g. information about health
benefits, goal setting, self-monitoring, and pedometers).
Studies used motivational interviewing (MI) [34, 37, 39,
48, 52, 53], Cognitive Behaviour Therapy (CBT) [39],
and guided self-management based on a range of theor-
etical approaches including social cognitive theory (SCT)
[36, 44, 48, 50, 51], theory of planned behaviour (TPB)
[47, 51], self-determination theory (SDT) [37, 41, 43],
the trans-theoretical model (TTM) [36, 39, 40, 42, 47]
and self-regulation theory [38, 46]. Physical activity was
assessed using self-report [32–34, 36, 37, 39–41, 44, 47,
48, 50, 52], or objective measures of physical activity
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(e.g. pedometers or accelerometers, pedometers or heart
rate monitors (36,39,47,49). Of the studies that reported
outcomes relating to physical activity, nine reported an
increase [32, 34–36, 38, 41, 47, 48, 50], and three re-
ported no increase in physical activity [37, 40, 46]. Stud-
ies included participants with a range of ages (36 to 81)
and consisted of inactive employees [32], university staff
[40] inactive post-partum women [33], African American
women [48] patients recovering from spinal cord injury
[50], people with co morbid depression and multiple
sclerosis [34], people aged over 50 [36, 39, 42], people
from deprived communities [37], people with type 2 dia-
betes [38, 51], people with intellectual disabilities [49],

primary care patients [46, 52]) overweight adults [35],
inactive adults [41, 44, 47], people with heart failure [53]
and people Huntington’s disease [43]. The mode of
intervention delivery included face to face [32, 34, 36–
38, 42–44, 46, 48–53], online [33, 35, 40, 44, 47, 51],
email [32, 40] post [41] and by telephone [33, 34, 36, 39,
48, 53], with both individual (one to one) and group
based intervention formats. A more detailed description
of each included study can be found in Additional file 3.

Measurement of intervention Fidelity
Overall, 66 approaches to measuring fidelity were identi-
fied across the 21 studies with 52 approaches measuring

Table 1 Fidelity Assessment and Quality Appraisal Criteria
NIH BCC Domain Assessment Methoda Quality criteriab

Treatment Design Assess whether intervention protocol/manuals reflect
the underlying theoretical model or clinical guidelines

Prior to study implementation, investigators, and optimally
a protocol review group or panel of experts, should review
their protocols or treatment manuals to ensure that the active
ingredients of the intervention are fully operationalized

The degree to which the measures reflect the hypothesized
theoretical constructs and mechanisms of action should be
assessed

Training providers Assess provider skills acquisition Ensure providers are trained to a well-defined, a priori
performance criterion. Provider role-plays with standardized
patients should be evaluated for both adherence to treatment
components and adherence to process (e.g., interactional style)

Assess and monitor provider skills maintenance

Delivery of treatment Assess if provider adhered to intervention plan, or in the
case of computer delivered intervention, method to
assess participants contact with information

Adherence to treatment components and competence to deliver
the treatment in the manner specified

Assess non-specific treatment effects Direct observation evaluated according to criteria developed a
priori

Assess whether or not the active ingredients were
delivered

Raters of the audiotapes or videotapes should be skilled in
treatment delivery as well as in more subtle aspects of the
intervention and the treatment manual.

Assess whether or not proscribed components were
delivered (e.g. components that were unnecessary or
unhelpful)

Raters of the audiotapes or videotapes should be independent
of the study

Raters of the audiotapes or videotapes should be blind to
treatment assignment, participant progress and outcomes, and
provider identity.

Interrater reliability of raters of the audiotapes or videotapes
should be conducted

Receipt of Treatment Assess degree to which participants understood
intervention

Assessment of treatment receipt involves verifying the
participants� understanding of the information provided in the
treatment and verifying that they can use the skills and
recommendations discussed. This could include written
verification (pre�post-tests), using audio visuals (repeat
information orally and visually), and behavioural strategies
(role-plays skills with feedback).

Assess participants ability to perform the intervention
skills

Enactment of treatment
skills

Assess participant performance of intervention skills in
setting in which the intervention is applied

Objective observation to determine if participants were using
behaviour change techniques in relevant day to day settings

All Psychometric properties
aOnly items relating to fidelity assessment were taken from the Treatment fidelity assessment and implementation plan, bQuality criteria informed by general
recommendations made by [11, 13, 16, 17, 22]
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