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ABSTRACT

Objectives Most complex healthcare interventions target
a network of healthcare professionals. Social network
analysis (SNA) is a powerful technique to study how social
relationships within a network are established and evolve.
We identified in which phases of complex healthcare
intervention research SNA is used and the value of

SNA for developing and evaluating complex healthcare
interventions.

Methods A scoping review was conducted using the
Arksey and 0’Malley methodological framework. We
included complex healthcare intervention studies using
SNA to identify the study characteristics,level of complexity
of the healthcare interventions, reported strengths

and limitations, and reported implications of SNA. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews 2018 was
used to guide the reporting.

Results Among 2466 identified studies, 40 studies were
selected for analysis. At first, the results showed that
SNA seems underused in evaluating complex intervention
research. Second, SNA was not used in the development
phase of the included studies. Third, the reported
implications in the evaluation and implementation phase
reflect the value of SNA in addressing the implementation
and population complexity. Fourth, pathway complexity
and contextual complexity of the included interventions
were unclear or unable to access. Fifth, the use of a
mixed methods approach was reported as a strength,

as the combination and integration of a quantitative and
qualitative method clearly establishes the results.
Conclusion SNA is a widely applicable method that

can be used in different phases of complex intervention
research. SNA can be of value to disentangle and

address the level of complexity of complex healthcare
interventions. Furthermore, the routine use of SNA within
a mixed method approach could yield actionable insights
that would be useful in the transactional context of
complex interventions.

INTRODUCTION

The development and evaluation of interven-
tions in healthcare are often considered to be
complex.! This complexity has been defined
in various ways.” > A consolidated definition

! Jeroen Dikken,? Marieke J Schuurmans,® Niek J de Wit,*
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Strengths and limitations of this study

» The Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses Extension for Scoping
Reviews 2018 was used to ensure the quality of
reporting.

» Two researchers worked independently during the
selection of studies, data charting and synthesis of
the results. All authors checked and confirmed the
synthesis of the results.

» The literature search was conducted in four scientific
databases, which is more than sufficient to include
the central and relevant research evidence regard-
ing complex intervention studies in healthcare.

» There is no sharp boundary between simple and
complex healthcare interventions; therefore, the
level of complexity was unravelled of all included
studies based on the iCAT_SR.

» This study did not critically appraise the included
studies.

for complex interventions was therefore
formulated by Guise et al*.

All complex interventions have two com-
mon characteristics; they have multiple
components (intervention complexity)
and complicated/multiple causal path-
ways, feedback loops, synergies, and/
or mediators and moderators of effect
(pathway complexity). In addition, they
may also have one or more of the fol-
lowing three additional characteristics;
target multiple participants, groups, or
organisational levels (population com-
plexity); require multifaceted adoption,
uptake, or integration strategies (imple-
mentation complexity); or work in a dy-
namic multidimensional environment
(contextual complexity).*

Additionally, interventions can be concep-
tualised as having ‘core components’, that
is, the essential and indispensable elements
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of the intervention and an ‘adaptable periphery’, that
is, adaptable elements, structures and systems related to
the intervention and organisation into which it is being
implemented.”®

The effectiveness of complex interventions is critically
influenced by their contexts.”” Context is often used
synonymously with setting and environment and includes
static (eg, the physical environment) and dynamic aspects
in terms of professionals, relationships or networks.”
Because of the heterogeneity of the contexts in which
complex interventions are embedded, there is still no
adequate translation of how to accommodate to the
context in good clinical practice.® " Furthermore, most
complex interventions in healthcare research target a
network of different (healthcare) professionals from
multiple sectors and disciplines that is commonly driven
by interactions. Such networks form the backbone of
a system (eg, hospital, general practice) by directing
the collective power of diverse individuals and groups
to achieve mutually relevant goals and objectives."
However, there is a lack of intervention studies exploring
the underlying network structure and how this structure
affects intervention outcomes as well as the contribution
that different actors such as interventionists play in a
network."?

Social network analysis (SNA) is a scientific method
to study underlying network structures. SNA is a
powerful technique that aims to characterise and study
how social relationships within a network, for example,
among persons, groups or organisations, are established
and evolve.”” The use of SNA has been suggested for
designing and evaluating complex interventions with the
goal of understanding and examining complex interac-
tions among or between networks.” "> '*¥ The aim of this
scoping review was to identify and determine the value of
SNA in studies that develop or evaluate complex interven-
tions in healthcare research.

The research questions were as follows:

1. In which complex healthcare intervention research
phases and level of complexity is SNA used?

2. What value do researchers report in the use of SNA
for developing and evaluating complex healthcare
interventions?

MATERIALS AND METHODS

A scoping review was conducted to report a wide search
for evidence addressing our research questions without
specific quality assessment which is common for scoping
reviews.”’ ?' After identifying the research question, the
following steps were conducted: identifying relevant
studies; selecting studies based on predefined inclusion
criteria; charting the data; and collating, summarising
and reporting the results. Although presented as a series
of stages, the process was iterative. Steps were repeated
when needed to ensure that the literature was reviewed
in a comprehensive way.”’ The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
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Box 1 Search strategy

PubMed

(“intervention”[All Fields] OR program[All Fields] OR programme[All
Fields] OR (“clinical trials as topic’[MeSH Terms] OR (“clinical”[All
Fields] AND “trials”[All Fields] AND “topic”[All Fields]) OR “clinical trials
as topic”[All Fields] OR “trial”[All Fields]) OR (“Evaluation”[Journal] OR
“Evaluation (Lond)”[Journal] OR “evaluation”[All Fields])) AND (“social
network analysis”[All Fields] OR “network analysis”[All Fields]) AND
(“2004/01/01”[PDAT] : “2019/04/30”[PDAT])

PsychINFO
(“intervention” OR program OR programme OR trial OR evaluation) AND
(“social network analysis” OR “network analysis”)

Embase

(‘intervention’/exp OR ‘intervention’ OR ‘program’/exp OR program OR
programme OR ‘trial’/exp OR trial OR ‘evaluation’/exp OR evaluation)
AND (‘social network analysis’/exp OR ‘social network analysis’ OR ‘net-
work analysis’/exp OR ‘network analysis’) AND (2004:py OR 2005:py OR
2006:py OR 2007:py OR 2008:py OR 2009:py OR 2010:py OR 2011:py
OR 2012:py OR 2013:py OR 2014:py OR 2015:py OR 2016:py OR
2017:py OR 2018:py OR 2019:py) AND (‘article’/it OR ‘article in press’/it
OR ‘review’/it) AND [embase]/lim NOT ([embase]/lim AND [medline]/lim)

CINAHL
(“intervention” OR program OR programme OR trial OR evaluation) AND
(“social network analysis” OR “network analysis”)

Extension for Scoping Reviews 2018 was used to guide
the reporting.” Ethical approval or patient consent was
not required.

Search strategies

Intervention-based studies using SNA in the field of
healthcare were identified through a systematic search
using logical operator-based combinations of key terms
to identify potentially relevant publications from the
Embase, PsycINFO, CINAHL and PubMed databases.
The search strategy included the use of a combination
of key terms related to complex health interventions and
keywords related to SNA (see box 1). For each database,
we worked with a librarian from the healthcare disci-
pline to develop a list of relevant keywords. The database
searches were conducted from the third week of April
2019 to the end of April 2019. Reference lists of relevant
reviews were hand searched.

Inclusion criteria

Complex healthcare intervention studies were defined
as the earlier described consolidated definition for
complex interventions by Guise et al'. Only empirical
studies were included when the healthcare intervention
was targeted the individual or community level. Interven-
tions targeting institutional networks (which may include
federal agencies (eg, CDC), local government agencies
(eg, city health departments), non-government organisa-
tions and private health organisations (eg, hospitals and
healthcare providers) public and population healthcare
programmes) were therefore excluded.” Additionally,
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Figure 1 Preferred Reporting ltems for Systematic Reviews

and Meta-Analyses flow diagram.

studies had to report use of SNA in the design of the
study, for example, social network mapping, assessment
of network structure and properties, or analysis of
network members. Studies were excluded if (1) social
networks were mentioned, but the type of analysis was not
reported; (2) the primary focus was social support, peer
support, social capital or other related topics, but did not
report an SNA. Studies published in any language other
than English were excluded from the review. The search
was limited to studies published between January 2004
and April 2019. This time period was carefully chosen
with the goal of including relevant studies from the
moment that the use of SNA in research was emerging.'”
If studies reported the same data in two or more journals,
the second and subsequent submissions were excluded.
While we did not include (systematic) reviews, we did
check the references from these reviews to identify rele-
vant and eligible articles to ensure that we were compre-
hensive in our search (figure 1). Furthermore, we did
not use the study quality as an inclusion criterion.? All
studies that met the inclusion criteria were uploaded into

Rayyan®, a web application for systematic reviews that
aims to offer researchers a one-stop dashboard to work
through the details of their processes while also allowing
their collaborators the ability to see each other’s work.****

Study selection

The study selection involved two steps. First, the list
of study titles resulting from the various searches was
reviewed by two reviewers (LS and JD) independently,
and each reference was assigned a value of ‘include’,
‘exclude’ or ‘maybe’. Second, the reviewers inde-
pendently assessed the abstracts of the included titles for
relevance. In both steps, disagreement between the two
reviewers was resolved by consensus, with input from a
third author (NB) when necessary.

Data extraction

Data were extracted from the included studies using
a structured format that enabled us to (1) describe the
study characteristics, (2) describe the level of complexity
of the healthcare interventions (3) report the strengths
and limitations of the application of SNA, and (4) report
the implications of using SNA in complex intervention-
based studies. To describe the study characteristics, data
regarding the author, date of publication, country of
the study, type of intervention, target of the SNA in the
intervention design, SNA purpose and the metrics used
were extracted. To describe the level of complexity of the
healthcare interventions, data were extracted based on
the Complexity Assessment Tool for Systematic Reviews
(iCAT_SR). Six core dimensions and two optional dimen-
sions were assessed by defined criteria (see online supple-
mental appendix 1).%° The eight dimensions covered the
earlier described consolidated definition for complex
interventions in which intervention complexity, imple-
mentation complexity, population complexity, pathway
complexity and contextual complexity stood central. To
describe the value of using SNA for developing and eval-
uating complex interventions, the strengths and limita-
tions of the application of SNA were extracted from the
included studies first. Next, the reported implications of
using SNA were extracted. The data extraction process
and format were initially piloted by the first two authors
with five studies. In the next stage, each author inde-
pendently extracted data from the remaining studies.
After extraction, the data were compared, and differ-
ences were discussed between the two reviewers, with
input from a third author (NB) when necessary, until
agreement was reached.

Collating, summarising and reporting the results

Following data extraction, a narrative synthesis was
created to describe the included studies in terms of the
study characteristics, level of complexity of the healthcare
interventions, the reported strengths and limitations of
the application of SNA, and the reported implications of
using SNA in the development and evaluation of complex
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interventions. This narrative was intended to provide an
overall description of the available evidence.”

Patient and public involvement
No patients or public were involved in this study.

RESULTS

Studies identified

After removing the duplicates, we identified 2466 poten-
tially relevant studies, 20 of which we identified by hand
searching. After abstract screening, 40 full-text studies
were assessed for eligibility, resulting in 25 studies being
included in the review (see figure 1). The publication
year of the included complex intervention studies
ranged from 2009 to 2019. The countries of origin were
diverse; however, 11 studies (44%) were conducted in
the USA. As shown in table 1, the application of SNA
in developing and evaluating complex interventions
differed. Most studies (60%) used SNA to evaluate
(partially) the effectiveness of an intervention. No study
used SNA when developing an intervention. In two
studies, SNA findings were used to provide information
on the feasibility of the complex intervention.?”” *® The
types of interventions, as well as the SNA purpose, were
diverse. Most studies identified relationships between
actors, while other studies collected data on the specific
network type, such as knowledge exchange or patterns
of collaboration (table 1) (see online supplemental
appendix 2 for the extended study characteristics and
online supplemental appendix 3 for the application of
SNA in the included studies).

Level of complexity of included studies

The level of complexity of the included studies based
on the iCAT_SR is shown in table 9.7 Regarding the
intervention complexity, only two studies reported one
component intervention®® * while the other studies
consisted of a multicomponent intervention whether
or not offered as a bundle. Behaviour or actions of
intervention recipients of the studies were divers from
single till dual or multiple target. The implementa-
tion complexity showed that the degree of tailoring
the intervention was in 10 studies inflexible (40%), 11
studies moderate (44%) and in 4 studies highly flex-
ible (16%). The level of skill required by those deliv-
ering the intervention was in most studies intermediate
(84%) and for those receiving the intervention, was the
level of skills required basic in most studies (88%). The
population complexity was low in 16 studies (64%) as
the interventions directed only at single category of
individuals within the individual level (eg, professionals
or patients), b studies (20%) were defined as multicat-
egory as the interventions directed at 2 or more cate-
gories of individuals within the individual level (eg,
primary care professionals and primary care patients),
4 studies (16%) were defined as multilevel as the inter-
vention directed at 2 or more levels. The pathway

complexity was in 21 (84%) studies unclear or unable
to assess, only 4 (16%) studies used a logic model to
explain the nature of the causal pathway between the
intervention and the outcome it is intended to effect.
Three studies (12%) were defined as having a long vari-
able pathway and one study (4%) having a short, linear
path. Contextual complexity was, except for two studies
(4%) which interventions could moderately depen-
dent on individual-level factors, unclear or unable to
assess.

Reported strengths and limitations of the application of SNA

Table 3 provides an overview of the reported strengths
and limitations. Of the included studies, 6 studies (24%)
reported only strengths in the application of SNA for
developing and evaluating complex interventions,” ™ 1
study (4%) reported alimitation,”” 4 studies (16%) did not
report any strength or limitation,”*' and the remaining
14 studies (56%) reported strengths as well as limita-
tions in the application of SNA. Reported limitations of
the application of SNA were focused on the study design
and data collection. Regarding the study design, the lack
of a qualitative component and lack of control group
were reported as limitations because they prevent more
in-depth understanding of the results and contribute to
lower methodological rigour than that of some other
analysis methods, which inhibits authors from stating
the causal effects of an intervention.?”” * * ** A mixed-
method approach was reported as a strength for gaining
an in-depth understanding of the results.”> Reported
limitations related to data collection were possible recall
bias due to self-reported data, the challenge of obtaining
responses, and non-respondent data,'? #7037 346 The
absence of nonrespondent data may introduce potential
bias and can therefore dramatically affect network repre-
sentation.'? Reported strengths were that SNA data are
easy to collect™ and that data can be collected by various
methods," including specific SNA tools (NET map,
Social Network Diagnostic Tool and Partner Tool).*! ***/
Regarding analysis, the quantitative results that SNA yields
can be combined with other statistical approaches.* In
addition, sociometrics may have superior value for over-
coming the shortcomings of ego network self-reported
measures, but data collection from ego networks is more
feasible and less expensive than sociometric network data
collection. ** SNA analysis is further strengthened because
itis based on the number of relationships instead of only
the number of individuals.** Additionally, the use of SNA
programmes to analyse data was reported as a strength in
terms of the ease of use but as a limitation in terms of the
need for special training and experience.'?” ** The visu-
alisation of SNA results can strengthen the interpretation
of the results.** However, a reported limitation was that
complexity cannot be captured in simplified visuals."
Additionally, the interpretation of the results was reported
as strength, as SNA provides insights into the relation-
ships, positions, structure and strength of a network.'? ' **
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Intervention
Target of SNA type SNA purpose

Implementation
Pilot/feasibility phase Evaluation phase phase

Banbury et X 4 1
al37

Bliuc et al*® x 2 1

Elreda et al**

X
(&)}
-

Gesell et al*! x 3 3

Jippes et al®® x 7 1

Li et a/** x o 1

Masumoto et X 3 4
al40

Millary et al*® x 2 1

Nooraie et X 6 3
a I42

Phillips et al*® x 1 3,4

Ramanadhan X 2 1,3
et al*®

Rosas and X 3 4
Knight'®
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Table 1 Continued

Intervention
Target of SNA type SNA purpose
Implementation
Pilot/feasibility phase Evaluation phase phase
Spitzer- X 8 1
Shohat et a/*®
Yang et al*® x 9 1

However, the generalisability of SNA results is limited due
to the unique nature of a network.*® 4

Reported implications and added value of SNA

Fifteen studies reported implications of using SNA
in developing and evaluating complex interven-
tions,'? 27 28303133 5086 43464851 Ty pee studies reported the
wider use of SNA in their topic of research, namely, inter-
professional education, train-the-trainer programmes and
the evaluation of nursing interventions.”” * ** Figure 2
shows a graphical framework that summarises reported
strengths of the application of SNA and reported impli-
cations, and connects their content to the dimensions
of complexity. The graphical framework depicts the
ways SNA can be used in the various phases of complex
intervention research in healthcare, in connection to
complexity of the intervention, implementation, popula-
tion, pathway and context.

Regarding the development phase, the acceptability
study by Rice et al”® reported that SNA can provide essen-
tial information in the design of large-scale efficacy
studies. For the pilot phase, the educational intervention
by Benton et af” indicated that SNA offers an opportunity
to introduce quantitative rigour to the selection of inter-
ventionists. Rice et al’® suggested that the identified people
can disseminate innovations. SNA results can also inform
the design of feasibility trials.”® In regard to the evalua-
tion phase, five studies reported implications.™ % % 4 #
One study that was characterised as an implementation
study reported that SNA provides useful monitoring and
evaluation data for both evaluation and implementation
purposes.” The process evaluation study by Millery et
al” suggested that SNA allows analysis of the network as
a whole system and at the individual organisation level.
Such analysis enables researchers to document systemic
change beyond simple shifts in knowledge, attitudes and
skills. Both levels were reported to be very useful for an
evaluation framework in a transactional context.”® Some
authors reported that SNA can measure network struc-
tural factors beyond the intervention, which is neces-
sary to understand the broader context.™* Furthermore,
the effectiveness study by Held et al*’ reported that SNA
helps to identify points of leverage to create and improve
targeted intervention strategies. For the implementation
phase, the reported implications indicated that SNA
provides an in-depth understanding of the barriers and/
or facilitators of the diffusion and implementation of an

intervention. SNA also offers actionable insights into the
network of interest, such as insights into skill transfer and
team effectiveness, which can guide the implementation
of large-scale efficacy studies.? %

DISCUSSION

This scoping review described the specific use of SNA
in different phases of complex intervention research,
in different level of intervention complexity, as well as
the value of using SNA for developing and evaluating
complex interventions. Five main conclusions can be
drawn from this analysis. First, SNA seems underused in
evaluating complex intervention research. Second, SNA
was not used in the development phase of the included
studies. Third, the reported implications in the eval-
uation and implementation phase reflect the value of
SNA in addressing the implementation and population
complexity. Fourth, pathway complexity and contextual
complexity of the included interventions were unclear
or unable to access. Fifth, the use of a mixed methods
approach was reported as a strength, as the combination
and integration of a quantitative and qualitative method
clearly establish the results.

This study showed that SNA seems underused in eval-
uating complex intervention research. A total of 25
complex healthcare intervention-based studies published
in the last 10years in the field of healthcare were found
that used SNA. This number is comparable to the find-
ings of a systematic review reporting the application of
SNA in health behaviour intervention studies.”’ SNA has
developed only over the past 20years from a niche disci-
pline in sociology to an approach applied in many fields
of the physical and biological sciences.” SNA is focused
on the structure of relationships and assumes that rela-
tionships are important.”> Most complex interventions
are embedded within a network of multiple (healthcare)
professionals from multiple sectors and disciplines."
Recent studies, therefore, highlight the importance of
understanding and examining networks and their inter-
actions in complex intervention research.”'?'*19

Although SNA has been used in the pilot, evaluation
and implementation phase, this study showed that no
study used SNA in the development phase. Several frame-
works are available for the development and evaluation of
complex interventions.' °*°® Optimising the development
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Table 3 Reported strengths and limitations in the application of social network analysis (SNA) in complex intervention

research

Application

component

Strengths

Limitations

Design
SNAasam

ethod28 314244 49

Type of SNA method?” 2%

Control group

Data
Data collect

SNA tools (NET map, Social

28 42

ion19 28-30 37 43-46

Network Diagnostic Tool,

Partner Tool

)32 35 47

>

>
>

>

SNA supports the conclusions from
traditional analysis and generates new
information.

SNA reveals important intervention
dynamics that would not be found with
classical methods.

SNA moves beyond individual-level effects
and captures system-level effects.
Longitudinal SNA can reveal underlying
social processes after the implementation of
the intervention.

A mixed methods approach clearly
establishes the results.

Data are easily to collect.

Primary data can be collected through
several methods such as surveys,
workshops or interviews.

SNA is applicable to all kind of networks.

NET map is a tool for action research that
yields visual quantitative and qualitative
evaluation data; it enhances the sense of a
shared purpose among network members.
A social network diagnostic tool can monitor
group programmes during implementation
and can guide programme activities with the
intent to build new social networks.

The SNA Partner Tool produces a rich set of
network metrics to describe the state of the
network at baseline.

>

The lack of a qualitative component
results in a less comprehensive
understanding of the results.

Insight into the structure does not indicate
causality.

Due to the lack of a parallel control
group, findings on the changes in social
networks through the implementation of the
intervention could simply be the result of
natural tendencies in social networks over
time and not the effect of the intervention
per se.

The data collection method can be
restrictive in examining relations involving
more than two people.

Self-reported data induce recall bias.

There is a possibility for social desirability
bias.

Obtaining responses for (longitudinal) data
collection can be challenging.

The operationalisation of the network type
of interest can be interpreted in multiple
ways.

Constructing sociometric network data
requires outreach work and knowledge of
the community.

Egocentric network data collection is
much more feasible and less expensive than
sociometric network data collection.

The Social Network Diagnostic Tool is not
sensitive to the measurement of different
mechanisms explaining social influences.

Continued
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Table 3 Continued

Application component Strengths

Limitations

1928 48

Non-respondent data >

Analysis

Quantitative metrics®’ 34 >

SNA provides a wide range of tools for

quantifying the structure and strengths of

networks (of interest) during an intervention.

» SNA can support multiple analyses of
effectiveness at the individual level.

» SNA can be combined with other statistical

approaches.

Sociometrics® * >

Sociometrics have superior value in
overcoming the shortcomings of ego
network self-reported measures.

» Sociometrics strengthen studies.

Use of SNA programmes (eg, » The use of programmes as UCINET and >

UCINET, NETDRAW)'927 44 NETDRAW to analyze (and visualize) social
network data is relatively easy, which makes »
SNA potentially attractive for routine use in
programme evaluation.

Number of respondents* » SNA is focused on relationships instead of
individuals (the number of respondents),
which establishes the basis for the
quantitative analysis (power).

Results

e » Visuals are a resource for reflection about ~ »

the structure and process.
» Visualisation may change the self- >
perceptions of actors.

Visualisation

Interpretation of results'® %' 4

» SNA provides insight into the interactions
that people have within an intervention.

» SNA is an informative approach to analysing
changes in professionals’ networks.

» The network map helps identify and act on
individuals who leave the network.

» The positions and expansion of network
actors can be understood.

» The structure and strength of the network
can be characterised, which facilitates the
examination of changes in the structure over
time, whether the network becomes more
sparse or cohesive, and whether there are
changes in people’s strategic positions (eg,
central or peripheral).

Generalisability*® 4 >

The absence of non-respondent data

may introduce potential bias, as non-
respondents’ positions in the network may
lead to them being difficult to contact in
retrospect. Alternatively, the occurrence

of missing data may be random due to
staff turnover and changing contact details
between the end of the intervention and the
data collection period.

Missing or erroneous data can dramatically
affect network representation.

Network data analysis requires special
training.
SNA requires experience.

Results that are simply visualised do not
take into account the actual complexity.

The interpretation of visuals is sometimes
difficult.

Limited or cautious generalisation of the
findings to other networks.

Smit LC, et al. BMJ Open 2020;10:6039681. doi:10.1136/bmjopen-2020-039681

11

"ybuAdoo Aq paroslold 1sanb Aq 720z ‘9T Udy uo jwodfwqg uadolway/:dny wouy papeojumod ‘0202 19qWaAoN /T Uo T896£0-020z-uadolwag/9eTT 0T Se paysiignd sy :uado CING


http://bmjopen.bmj.com/

Intervention
complexity

Implementation
complexity

Pathway
complexity

Contextual
complexity

Development
phase

Mixed methods SNA data
Monitoring data can guide the
development of an
intervention, design of
feasibility trials and large-scale
efficacy studies.

Mixed methods SNA data
Monitoring data can guide the
development of an
intervention, design of
feasibility trials and large-scale
efficacy studies

Mixed methods SNA data
Understanding the positions
and expansion of network
actors.

Mixed methods SNA data
Understanding the barriersand
facilitators of the diffusion of an
intervention.

SNA tools
Describing the state of the
network at baseline.

Mixed methods SNA data
Understanding the broader context,
and offering a visual understanding by
measuring network structural factors
beyond the intervention.

Mixed methods SNA data
Facilitating the examination of
changesin the network
structure over time

Pilot/feasibility

SNA tools
Guiding program activities.
Tool for action research that
yields visual quantitative and
qualitative evaluation data.

SNA data
Identifying key individuals that
can disseminate innovations or
be interventionists.
Bringing quantitative rigor to

SNA data
Visualization of SNA data may
change the self-perceptions of
actors.

Mixed methods SNA data.
Identifying points of leverage to
create targeted intervention
strategies.

Mixed methods SNA data
Understanding the broader context,
and offering a visual understanding by
measuring network structural factors
beyond the intervention.

quantitative analysis (power).
Combining SNA with other
statistical approaches

intervention.
Monitoring programs during
implementation.

SNA data

SNA data
Quantifying the structure and
strengths of networks (of
interest) during an

phase Enhancing the sense ofa the selection of interventionists. Mixed methods SNA data
shared purpose among ifyingand act on
network members. individuals who leave the

network.
Mixed methods SNA data SNA data Mixed methods SNA data Mixed methods SNA data. Mixed methods SNA data
SNA programs easy to use, Visualization of SNA data are a Understanding the positions Identifying points of leverage to Documenting systemic change beyond
attractive for routine use in resource for reflection about the and expansion of network create targeted intervention simple shifts in knowledge, attitudes,
program evaluation. structure and process of actors. strategies. and skills by measuring network as
Support multiple analyses of networks of interests whole system and individual
effectiveness at the individual Mixed methods SNA data SNA tools organization level. Both levels useful for
level. o Mixed methods SNA data Identifying and act on Tool for action research that an evaluation frameworkin a
Evaluation Focusing on relationships + Understandingthe barriers and individuals who leave the vields visual quantitative and transactional context.

phase instead of individuals, which facilitators of the network qualitative evaluation data. -

establishes the basis for the implementation of an Mixed methods SNA data

Understanding the broader context,
and offering a visual understanding by
measuring network structural factors
beyond the intervention.

N : intervention.
Documenting changesin
networks of participants
during program evaluation.
Mixed methods SNA data Mixed methods SNA data Mixed methods SNA data Mixed methods SNA data. Mixed methods SNA data

Guiding the implementation of
large-scale efficacy studies.

Implementation
phase

Understanding the barriers and
facilitators of the
implementation of an
intervention.

Monitoring programs during
implementation.

Identifying and act on
individuals wholeave the
network.

Identifying points of leverage to
create targeted intervention
strategies.

Monitoring data can reveal underlying
social processes after the
implementation of the intervention.

Mixed methods SNA data
Examination of changes in the
network structure over time,
whether the network becomes
more sparse or cohesive, and
whether there are changesin
people’s strategic positions
(e.g., central or peripheral).

SNA tools
Tool for action research that
yields visual quantitative and
qualitative evaluation data.

Figure 2 Graphical framework. SNA, social network analysis.

of a complex intervention will enhance the intervention
design, increase value and minimise the risk of subjects
being exposed to ineffective interventions. A gap between
the intervention and the implementation context often
results in suboptimal treatment success” and SNA may
contribute to bridge the gap and to understand the
implementation context. During the development phase,
SNA can provide strategies to consider the social context
of programme delivery, determine the appropriate
methods and communication needs, and identify partic-
ular change agents and opinion leaders in the network to
focus on.”"% This suggests that SNA can be of great value
when developing, complex interventions.

This study shows a significant potential of using SNA
in addressing the implementation and population
complexity in various ways. Although frameworks high-
light the importance of a systematic development and
evaluation of complex interventions, an iterative rather
than linear process is recommended.' °*® An iterative
process allows researchers to consider the implemen-
tation complexity and population complexity prior to
the implementation. When addressing implementation
complexity, SNA could focus (1) on the skills required
by the intervention providers who deliver the interven-
tion and (2) the tailoring carried out by the intervention
providers, regarding the receiver or context, in applying

or implementing the intervention.”® By addressing the
population complexity, SNA can highlight the structures
of the organisational levels and categories targeted by
the intervention.” Since interventions itself might alter
networks and since networks are dynamic and likely to
change over time, researchers are therefore encouraged
to collect network and outcome data of interest longitu-
dinally (eg, monitoring data) and cross-sectionally.*’ *!
Furthermore, the use of monitoring SNA data can iden-
tify points of leverage to create and improve targeted
intervention strategies.” Valente et af’’ published a prac-
tical overview of how to use SNA for programme imple-
mentation to understand which social network can be
created, maintained and accomplished.

This study showed that the pathway complexity and
contextual complexity of most interventions were unclear
or unable to access. The limited reporting regarding the
use of a logic model which describe the nature of the
causal pathway between the intervention and its effect,
and contextual factors which can influence the effective-
ness of an intervention, was also observed by Smit et al'"’
that examined complex primary healthcare interven-
tions.'” SNA could be of value in addressing the contex-
tual complexity as the degree to which the effects of the
intervention are dependent on the context or setting in
which it is implemented.*® The Consolidated Framework
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for Implementation Research (CFIR) comprises 39
constructs organised across five major domains (eg,
intervention, outer setting, inner setting, characteristics
of individuals and process), all of which interact to influ-
ence implementation and implementation effectiveness.”
The study of Kirk et af’ provide a broad overview of CFIR
constructs used in literature which can be directory in
disentangling and addressing contextual complexity. In
general, the graphic framework, introduced in this study,
is a first step and can be used in future research in this
area. Additionally, more research is needed to assess the
optimal way to use SNA in complex intervention research
in healthcare, especially in relation to the five dimensions
of complexity.

The included studies reported the use of a mixed
methods approach to be a strength, as the combination
and integration of a quantitative and qualitative method
clearly establishes the results. All included studies were
quantitative studies, consistent with their use of SNA,
which is quantitative in nature. A strong reliance on
quantitative methods was criticised. Adding a qualita-
tive approach alongside quantitative procedures can
be a solution to generate an in-depth understanding of
the results.”” ®* SNA increasingly relies on both quantita-
tive and qualitative approaches for data collection and
analysis.”” The development and evaluation of complex
interventions often require multiple research questions
which reflect the number of behaviours or actions that
the intervention focuses on as part of the intervention
complexity.?® The use of mixed methods social network
analysis (MMSNA) can be an appropriate means to
answer these research questions in which the ‘13-step
model’ of Schooneboom (2018) can guide researchers.®
Although the use of MMSNA is recommended, MMSNA
still lacks conceptual clarity as, as the ‘when’, ‘how’ and
‘why’ of a mixed methods approach are rarely described.”’
However, MMSNA seems promising, and a mixed-method
approach is consistent with the multiphase model of
complex intervention development and evaluation.

Strengths and limitations

This study has several strengths. First, the data collection
and data management processes were thorough. Two
researchers selected the studies in accordance with the
inclusion and exclusion criteria, which were determined
beforehand. In addition, the data charting and synthesis
of the results were also conducted by two researchers
(LS and JD) working independently. The synthesis of
the results was checked and confirmed by all authors to
ensure the validity of the findings. Second, the literature
search was conducted in four scientific databases, which
is more than sufficient to include the central and relevant
research evidence in healthcare.®® In addition, the refer-
ence lists of the reviews in our search were hand searched
to identify studies that otherwise potentially would have
been missed. Third, the review process followed a univer-
sally agreed protocol (PRISMA Extension for Scoping
Reviews 2018) to ensure the quality of reporting.*

Additionally, in the analysis, the authors’ original expres-
sions were used without any interpretations.

This review has some limitations. First, there is no
sharp boundary between simple and complex healthcare
interventions.! To overcome this limitation, the level of
complexity was unravelled of all included studies based
on the Icat_SR.*® Second, this study did not critically
appraise the included studies. However, the literature
states that scoping reviews cannot identify gaps in the
literature related to the low quality of research.”” ™ By not
addressing the issues of quality appraisal, this study was
able to include a larger range of study designs and meth-
odologies than would have been included in a system-
atic review”'; thus, the emphasis of a scoping study is on
comprehensive coverage rather than a particular stan-
dard of evidence.”

CONCLUSION

Based on the application of SNA in 25 studies, we
conclude that SNA is a valuable method to apply, but
currently underused. SNA has been applied in the pilot,
evaluation and implementation phases of complex inter-
vention research. Although there is an absence of studies
applying SNA in the development of complex interven-
tions, the included studies reported the potential value
of SNA in the development phase. Furthermore, SNA can
be of value to disentangle and address the five dimensions
of complexity of complex healthcare interventions. The
routine use of SNA within a mixed-method approach for
developing and evaluating complex interventions could
yield actionable insights that would be useful in the trans-
actional context of complex interventions.
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