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Abstract

Background: A recent review of frameworks used in dissemination and implementation (D&I) science described 61
judged to be related either to dissemination, implementation, or both. The current use of these frameworks and
their contributions to D&l science more broadly has yet to be reviewed. For these reasons, our objective was to
determine the role of these frameworks in the development of D&l science.

Methods: We used the Web of Science™ Core Collection and Google Scholar™ to conduct a citation network
analysis for the key frameworks described in a recent systematic review of D& frameworks (Am J Prev Med
43(3):337-350, 2012). From January to August 2016, we collected framework data including title, reference,
publication year, and citations per year and conducted descriptive and main path network analyses to identify
those most important in holding the current citation network for D&l frameworks together.

Results: The source article contained 119 cited references, with 50 published articles and 11 documents
identified as a primary framework reference. The average citations per year for the 61 frameworks reviewed
ranged from 0.7 to 103.3 among articles published from 1985 to 2012. Citation rates from all frameworks
are reported with citation network analyses for the framework review article and ten highly cited framework
seed articles. The main path for the D&l framework citation network is presented.

Conclusions: We examined citation rates and the main paths through the citation network to delineate the
current landscape of D&l framework research, and opportunities for advancing framework development and

use. Dissemination and implementation researchers and practitioners may consider frequency of framework

citation and our network findings when planning implementation efforts to build upon this foundation and
promote systematic advances in D&l science.

Keywords: Network analysis, Knowledge translation, Management science, Model, Implementation science,
Bibliometrics, Quality improvement, Behavioral theory

Background models, theories, and frameworks [2]. The review
The field of dissemination and implementation (D&I) identified 61 frameworks to guide D&I researchers
science continues to evolve with contributions from a and practitioners in their research-to-practice activ-
variety of disciplines, researchers, and institutions across ities at different socio-ecologic levels within the
the globe [1]. Significant advances in our understanding health care system (individual, organization, commu-
of how to conceptualize D&I research and practice were  nity, healthcare system, policy). The goal was to
facilitated by a recent comprehensive review of relevant develop a D&I framework inventory to inform
selection efforts for researchers and practitioners
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However, better understanding the most frequently
cited D&I frameworks and the citation networks
surrounding these frameworks can also provide useful
information for selection, conceptualization, and
resources for operationalization. For example, in cases
where several different frameworks might be applic-
able to a given implementation intervention, identify-
ing the most prominent and commonly applied
frameworks in the field could have several advantages.
First, it could provide researchers and practitioners
with the most supporting literature to inform their
effort. Second, accessing this information may
increase the chances of intervention success and
therefore help the best frameworks emerge. Third, as
the framework literature evolves, there will be in-
creasing opportunities to advance D&I science with
respect to fidelity of framework use, core framework
components, standardized measurement, advantages
and disadvantages of a given framework, and ultim-
ately implementation outcomes [3]. More broadly,
mapping D&I framework networks can build upon
this foundation to promote systematic advances in
D&I science through identifying the common set of
assumptions and knowledge that constitutes consen-
sus in the field.

Bibliometric (or citation) analysis is one method to
investigate the scholarly landscape surrounding D&I
frameworks from the review. This quantitative tech-
nique is increasingly applied to measure the impact
of academic research and examine relationships using
tools such as citation network analysis [4-6]. In gen-
eral, citation network analysis provides a map of the
most highly cited publications within a given research
domain, much like the way Google™ uses page rank
to identify the most relevant websites [7]. This
approach to understanding the state of scientific
advancement has been used across a range of fields,
including public administration, public health service
systems, physical activity environments, and analytic
method development, to discern the degree to which
information flows through a scholarly network and
identify opportunities for transdisciplinary collabor-
ation and crosstalk [8—14]. Using citation analysis to
examine the rapidly evolving D&I field could not only
indicate the most frequently cited D&I frameworks
but also determine their relationships across time and
discipline, and map the emerging knowledge network
constituting the D&I framework field.

For these reasons, we conducted a citation network
analysis of D&I research frameworks. We created a
snapshot of the scientific development of D&I frame-
work research based on carefully selected framework
articles followed forward in time as they integrated
into the growing body of D&I knowledge. We
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examined citation rates and the main paths through
the citation network to delineate the current land-
scape of D&I framework research, and opportunities
for advancing framework development and use.

Methods

Citation network analysis

We used a citation data network collection tool, the
Citation Network Analyzer (CNA), to generate the
data and conduct our study [15, 16]. This tool uses a
constrained snowball sampling approach to identify a
network of documents (i.e., journal and conference
papers, theses and dissertations, academic books, pre-
prints, abstracts, technical reports) in Google Scholar™
that can be used for descriptive, main path, and other
network analyses via an R software package. In gen-
eral, a constrained snowball sample of academic pub-
lications is created by identifying seed articles,
determining the levels of data (articles that cite the
seeds, articles that cite those, and so on), and select-
ing the sampling rate at each level. This vetted, effi-
cient and inclusive networking approach to following
citations forward in time is uniquely suited to
advance our current understanding of the literature
surrounding D&I framework development and use. In
addition, the output from the CNA tool can be used
to graphically represent the citation network and
assign weights to the articles based on their import-
ance in maintaining the network architecture as
described below.

Our approach of using citation network analysis to
conduct structured literature reviews was based on prior
work using the CNA tool [9, 10, 13, 15, 17]. This
approach can lead to a less biased assessment of the
academic literature than traditional narrative reviews for
at least two reasons. First, a citation analysis approach
can avoid the cognitive bias associated with traditional
literature searches using keyword searches which may be
limited by the researcher expertise, training, and prefer-
ences. Second, the use of Google Scholar™ and a
snowball sampling technique based on selected seed ar-
ticles, rather than Web of Science™ citation tools based
on keywords for instance, is able to survey a broader
scope of publications that may be relevant to D&I
frameworks especially given their expansive roots in
fields ranging from agriculture, business, and political
science to public health and medicine [18, 19]. In
addition, the CNA tool allows for a constrained
approach to snowball sampling, rather than traditional
snowball sampling where the sample grows exponen-
tially, in order to limit the articles at each level from the
seed article to arrive at empirical findings using a
fraction of the data [15].
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As detailed in Additional file 1, we conducted two
analyses using this novel approach. First, we synthe-
sized the literature covered in the framework review
article by Tabak et al. [2] with respect to recent
citations and performed a structured literature review
of the article itself. Next, we applied a structured lit-
erature review to a snowball sample of ten framework
articles identified as the most important by the study
team, largely based on the Tabak review. Overall, this
work allowed us to understand the relevance of the
framework review article as a D&I resource and to
identifty those frameworks forming the current
backbone of the D&I framework field (i.e., framework
articles in the network’s main path).

Characterizing the Tabak et al. framework review article
and its citation network

The Tabak systematic review contained 119 refer-
ences, with 50 published articles and 11 documents
(reports/chapters/books) identified as a primary D&I
framework reference (n = 61) [2]. These D&I frame-
works were identified first through selecting com-
monly cited frameworks, then through snowball
sampling and expert consultation including with U.S.
National Institute of Health officials who process and
review D&I grants. Frameworks were excluded from
the review according to the following criteria: (1) fo-
cused on practitioner rather than D&I researcher; (2)
applied to individual behavior change only (ie,
without ties to local, organizational or community
dissemination); (3) intended only for national level
use versus local, community, or organizational level;
(4) frameworks focused only on dissemination after
research study completion; and (5) articles not written
in the English language. The frameworks were then
judged by the authors to be related either more to
dissemination, implementation, or both equally. Each
framework’s construct flexibility was rated as broad
and flexible versus operational and defined for a given
context and activity. Last, the socio-ecologic level (in-
dividual, organization, community, healthcare system,
policy) targeted by the framework was categorized,
with most operating at more than one level.

We extracted the primary citation for each framework.
In cases where more than one primary reference was
used (n = 21), we selected the most relevant reference,
usually the oldest, as the primary reference. The primary
references for 11 frameworks were reports, chapters, or
books. Because peer-reviewed articles were the most
common documents cited in this study, we use the term
article to denote all documents throughout the remain-
der of the manuscript.

To better understand the framework articles discussed
in the Tabak review, we conducted descriptive analyses
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to identify the most common journals, authors, and
countries of origin for the 61 models. We also examined
the citation rates for each framework. We defined a
citation rate as the number of citations/year(s) since
publication. We used the Web of Science™ Core
Collection in January 2016 to conduct these descriptive
citation analyses and inform our subsequent network
analysis described in the Additional file 1.

Citation network analysis of selected D&l frameworks

Next, we conducted a citation network analysis of ten
carefully selected D&I framework articles we felt
reflected the current state of the field. Eight of these
were based on citation rates and the Tabak review.
However, we also included two additional frameworks
given their relevance to implementation science and
relatively high citation rates: (1) Theoretical Domains
Framework (TDF) [20, 21] and the (2) Knowledge to
Action Framework (KTA) [22], for a total of ten seed
articles for our next citation network analysis. Both of
these models were developed by researchers outside
the USA and were not included in the Tabak review.
The details of the D&I framework citation analysis
are included in the Additional file 1.

Last, we performed a main path analysis to identify
the connectedness and links among the articles consid-
ered to be the backbone of the D&I framework citation
network. This approach identifies the key articles influ-
encing D&I models based on the selected seed articles.
We determined the traversal weights indicating the pro-
portion of network paths that included a given article
node in the network [23]. For instance, a traversal
weight of 0.25 for framework X indicates that its article
exists in 25% of the citation paths in the network. This
traversal weight indicates the importance of any particu-
lar node (i.e., article) in the network. We constructed
the main path by removing all ties in the network scor-
ing below the 95% percentile for traversal weight value.
We normalized the traversal weights according to flow
using the Search Path Count method [24]. All computa-
tions were accomplished with Pajek [23].

All analyses were conducted between January 2016
and August 2016. This study was deemed not regulated
by the Institutional Review Board at the University of
Michigan.

Results

Tabak framework review article and its citation network
As illustrated in Fig. 1, the Tabak framework review art-
icle is an increasingly cited resource. As of January 2016,
it had been cumulatively cited 456 times across 388
articles and other source items indexed within Web of
Science™ Core Collection. As shown in Table 1, there
was a broad distribution of citation numbers and annual



Skolarus et al. Implementation Science (2017) 12:97

50

45

40 |

35 1

30 |

25

20

15

10

5 |

0 - -
g &

Year

Fig. 1 Citation report through 2015 for ‘Bridging Research and Practice
Models for Dissemination and Implementation Research’ by Tabak et al. [2]
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citation rates across the 61 framework articles within the
Tabak review and our two selected framework articles
(KTA and TDF). The average number of citations per
year ranged from 0 to 1949 among articles published
from 1962 to 2012. The outlier with the highest citation
rate was a book reference for Rogers’ Diffusion of
Innovations.

Based on the structured literature review of the Tabak
article using the CNA tool, we identified 239 articles
across the network and its three levels of ‘distance.” This
included 17 level-one articles directly referencing the
Tabak article, with the remainder of articles residing two
and three levels from the Tabak source article. The ma-
jority of the documents were journal articles (84%),
followed by books (16%). The articles in the Tabak net-
work were published between 2002 and 2016, with 51
articles published prior to the source article year of
2012. The majority (86%) of these were three levels from
the Tabak seed article and (35%) were book references.
We identified 202 unique first authors contributing to
this network. Each author contributed 1.18 articles
(standard deviation (SD) = 0.58), on average. Most first
authors contributed only one article to the network
(one = 177; two = 19, three = 3, four = 2, six = 1). We
identified 123 unique journals (books excluded) contrib-
uting to the Tabak network, each providing an average
of 1.62 articles (SD = 2.63). Most journals contributed
one article (n = 95). The top three journals producing
the most articles were: Implementation Science (n = 29),
Annual Review of Public Health (n = 6), and BMC Public
Health (n = 5). All other journals had four or fewer
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articles each. The articles in the Tabak network were
cited between 0 and 4410 times. The top ten cited arti-
cles in the Tabak network are shown in Table 2, and
none of which served as a primary framework reference.
As illustrated in Fig. 2, there were prominent ties in the
Tabak network to social care and the law by Aveyard;
normalization process and general implementation the-
ory by May; implementation work by Glasgow, Proctor,
Neta, and Chambers; a gateway to broader literature via
a movement science article by Peters; a Karlin article
which ties in psychotherapy; and a 2013 contribution by
Straus that was an introduction to knowledge translation
in healthcare.

Citation network analysis of selected D&I frameworks

The citation network for our seed articles highlighted in
Table 1 included 355 unique documents published be-
tween 1996 and 2014. There were 302,472 citation links
connecting the articles in this network. The majority of
citations was from 323 journal articles (91%), followed
by 29 books (8%), and 3 in-proceedings (1%). We identi-
fied 274 unique first authors, each contributing 1.30 arti-
cles (SD = 0.84), on average. The majority of first
authors provided one article to the network with only
six authors contributing greater than three. We also
identified 128 unique journals contributing to this net-
work, each providing an average of 2.52 articles
(SD = 4.04). While many journals contributed one article
(n = 29), the top five journals producing the most
articles were: Strategic Management Journal (n = 29),
Academy of Management Journal (n = 25), Implementa-
tion Science (n = 20), Organization Science (n = 15), and
Management Science (n = 10). All other journals con-
tributed less than ten articles each. The top ten cited ar-
ticles are shown in Table 3, with Szulanski’s Sticky
Knowledge as the only primary framework reference
from the Tabak review. The remainder of articles tended
to focus on business practices and knowledge sharing,
collaboration networks, and social and/or intellectual
capital. The articles for the D&I framework network
contributed between 64 and 12,680 citations, with a me-
dian of 489.

As illustrated in Fig. 3, the D&I framework citation net-
work appears centered around the 2004 Greenhalgh et al.
article with prominent ties to the Theoretical Domains
Framework, the Knowledge to Action Framework, the
Promoting Action on Research Implementation in Health
Services Framework (PARiHS), the Consolidated
Framework for Implementation Research (CFIR), and an
article conceptualizing implementation outcomes, among
others. A more complete picture of the network’s primary
core is offered with the main path analysis, which consists
of those ties above the 95% percentile score for traversal
weight (0.0106). The main path, illustrated in Fig. 4, is
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Thompson (2015
Gagnon (2011)
Curran {2011) y
Straus (2013)
Aveyard (2014)
Aveyard (2013
Tabak (2012

Karfin (2014) Wampold (2015)

Chambers (2013)

Glasgow (2013)

Pr 13)
Neta (2015) T 4
Gaglio (2013)
May (2013
Poters (2014)

Fig. 2 Citation network for ‘Bridging Research and Practice Models for Dissemination and Implementation Research’ by Tabak et al. [2]. Most first
authors contributed only one article (one = 177). Those authors with two articles—Aarons, G; Archambault, P; Bjurlin, M; Blease, CR; Brownson, R;
Chambers, D; Chor, K; Davidoff, F; Edwards, N; Gagliardi, A; Kozica, S; May, G, Naci, H; Neta, G; Page, A; Partridge, SR; Rhoades, E; Trevithick, P;
Trockel, M; three articles—Aveyard, H; O'Brien, J; Proctor, E; four articles—Glasgow, R and Powell, B; and six articles—Thompson, N

comprised of the 15 articles listed in Table 4. A simple in-
terpretation of the main path is that these articles are
most important in holding the entire D&I framework
citation network together. In this case, seven of the ten
D&I framework seed articles are part of the main path,
along with eight non-seed articles. Visually, one can in-
spect the main path and observe the chronological flow of
influence from earlier to more recent publications. Kitson
[25] and Klein [26] act as the primary originating sources
of influence in the main path, which serve to influence
Greenhalgh [27], Damschroder [28], and Proctor [29].
These five articles, along with Glasgow [30], all converge in
Aarons [31], which acts as a major hub for the remainder of
the more recent works on the periphery of the main path.

Discussion

Using citation analysis, we identified the most fre-
quently cited D&I frameworks and their relationships
across time and discipline and mapped the knowledge
network constituting the D&I framework field. We

discovered that the Tabak framework review has been
increasingly cited and that it was included in the
periphery of the main D&I framework network path
indicating its value as a recognized resource for D&I
researchers and practitioners. We identified the lead-
ing journals and authors contributing to the D&I
framework literature using methods that limit cogni-
tive biases associated with traditional literature
searches using keywords. Using the CNA tool to
conduct our structured literature review, we were able
to identify the main path articles that signify those
most important in holding the entire D&I framework
citation network together. Overall, D&I researchers
and practitioners may consider frequency of citation
and this network structure when planning implemen-
tation efforts to build upon this foundation and pro-
mote systematic advances in D&I science. Further
work is necessary to delineate how these frameworks
are being used in the literature, framework selection
criteria for planning D&I research efforts, the core
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Szulanski (1996)

Greenhalgh (2008)

Glasgow, R—eight articles

Fig. 3 D&l framework citation network. The majority of first authors provided only one article to the network with only six authors contributing greater
than three including Hansen, M and Pronovost, P—four articles; Michie, S and Rycroft-Malone, J—five articles; Greenhalgh, T—seven articles; and
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components of these frameworks, and how framework
use relates to improved implementation outcomes [3].

This study provides insight into at least two aspects
of the evolving D&I scientific field. First, it confirms
that D&I research has witnessed a surge of frame-
works with most developed in the last two decades
[2]. However, we found that the majority of articles
were rarely cited, leaving only a few highly cited
frameworks. It is difficult to know whether more re-
cent frameworks will be used or not based on this
analysis though several recent articles, including the
Tabak review, were highly cited. Nonetheless, there
does appear to be framework saturation creating an
increasing need to delve further into better under-
standing the current cadre rather than creating new
D&I frameworks. Second, taking into consideration
citation rates and this network structure may be a
key factor to consider when choosing a framework, in
addition to the socioecological level, construct flexibil-
ity, and location on the D&I spectrum. For example,

increasing citations and centrality in the network
indicates more literature is available to highlight the
advantages and disadvantages of using a given frame-
work. In addition, there may be more operational and
measurement resources with increasing centrality.
Taking these additional aspects into consideration
creates opportunities to scrutinize frameworks,
starting with those in the main path, and advance
D&l science by examining issues of fidelity, core and
adaptive components, measurement, and relationships
to implementation outcomes [1].

We found a broad range of scientific fields contrib-
uting to the D&I citation network given our use of
Google Scholar™ and its extensive search capabilities
[7, 19]. This reinforces the need to scan literature
outside of health-related fields to discover new guid-
ance for D&I sciences. For example, other than the
specialized journal Implementation Science, which
focuses specifically on the field, most citations of the
Tabak framework review article were from public
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Fig. 4 The main path for a D&l framework citation network. A simple interpretation of the citation network main path is that these articles are
the most important in holding the entire D& framework citation network together. In this case, seven of the ten D& framework seed articles
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health journals due in part to it being a narrative re-
view that used snowball sampling methods and fo-
cused on health. In addition, the journals other than
Implementation Science, which published the highest
number of citations in the broader D&I framework
network, were all in the management and business
fields. This is consistent with a prior review of lead-
ing management journals that found a significant de-
gree of knowledge translation and organizational
change literature relevant to D&I in healthcare [32].
While there is some current cross-over among these
fields, they are often quite distinct and separate from
each other when it comes to research and practice.
Taken together, our findings suggest that greater ef-
forts to scan across these journals and fields could
provide unique transdisciplinary collaborations and
innovation opportunities to hasten D&I research and
practice. For that matter, D&I advances could also
serve to improve management and business practices.

However, citing a framework does not imply use or
specify what its application entails. How to
operationalize determinants of practice across frame-
works also needs to be better understood to advance
D&I science. A recent study examined use of the
KTA framework using citation analysis and systematic
review to see if the framework was used in practice
and how [33]. The authors found that it was used
with varying degrees of completeness from a simple
reference to integration into the design, delivery, and

evaluation of the implementation activities. The latter
contributing most to advancing D&I science and
generalizability of outcomes. Similarly, another recent
systematic review examined use of the CFIR among
empirical studies in the peer-reviewed literature [34].
Twenty-six articles met inclusion criteria across a
breadth of settings and units of analysis. Justification
for which CFIR constructs were selected, integration
throughout the research study, and relation to
outcomes remained poorly articulated, again limiting
contributions to D&I research more broadly. Furthermore,
systematic efforts to reconcile determinants of healthcare
professional practice across 12 different frameworks have
generated practical checklists and implementation strategy
recommendations to support implementation and quality
improvement efforts [35]. Better understanding
framework use, consolidation and operationalization of
framework determinants, not just citations, could yield
more to consider when selecting and using D&I frame-
works for research and practice.

There are several limitations to our study approach.
First, framework citation rates are influenced by a
multitude of factors including journal impact factor,
the authors’ fame and publication rate, the degree of
research in a given field, whether citation is perceived
as positive or negative, and do not necessarily indi-
cate the quality of a given publication or framework
[5-7, 19]. Nonetheless, citation rates do serve as an
approximation of the impact of a scholarly work. We



Skolarus et al. Implementation Science (2017) 12:97

Table 4 Main path articles for leading D&l research frameworks

Page 14 of 17

Network vertex?  Seed  Traversal — Author/year/article
article  weight

10 Yes 0.34 Kitson et al. 1998. “Enabling the implementation of evidence based practice: a conceptual framework” [25]

1 Yes 0.24 Greenhalgh et al. 2004. “Diffusion of innovations in service organizations: systematic review and
recommendations” [27]

6 Yes 0.18 Damschroder et al. 2009. “Fostering implementation of health services research findings into practice: a
consolidated framework for advancing implementation science” [28]

9 Yes 0.14 Klein and Sorra. 1996. “The challenge of innovation implementation.” [26]

7 Yes 0.12 Aarons et al. 2011. “Advancing a conceptual model of evidence based practice implementation in public
service sectors” [31]

3 Yes 0.09 Glasgow et al. 1998. “Evaluating the public health impact of health promotion interventions: the RE-AIM frame
work.” [30]

8 Yes 0.03 Proctor et al. 2009. “Implementation research in mental health services: an emerging science with conceptual,
methodological, and training challenges.” [29]

54 No 0.03 Stirman et al. 2012. “The sustainability of new programs and innovations: a review of the empirical literature
and recommendations for future research” [111]

293 No 0.02 Tabak et al. 2012. “Bridging research and practice: models for dissemination and implementation research” [2]

297 No 0.02 Meyers et al. 2012. “The quality implementation framework: A synthesis of critical steps in the implementation
process” [112]

300 No 0.02 Chaudoir et al. 2013. “Measuring factors affecting implementation of health innovations: a systematic review of
structural, organizational, provider, patient, and innovation level measures” [3]

309 No 0.02 Schoenwald et al. 2011. “Toward the effective and efficient measurement of implementation fidelity” [113]

310 No 0.02 Palinkas et al. 2011. “Mixed method designs in implementation research” [114]

311 No 0.02 Sanders. 2012. “Development, evaluation, and multinational dissemination of the Triple P Positive Parenting
Program” [115]

312 No 0.02 Aarons et al. 2012. “The organizational social context of mental health services and clinician attitudes toward

evidence based practice: a United States national study” [116]

“Network vertex is a designated point in the network where 1 through 10 indicates a seed article

also used an expert-led review article for seed article
identification and a robust network analysis tool,
coupled with citation rate data, to provide our snap-
shot of the scientific development of the D&I frame-
work field with substantial face validity. Second, there
could be issues with respect to language and the def-
inition of D&I research leading to ascertainment bias.
Using our comprehensive CNA approach in Google
Scholar™, rather than keyword searches for example,
actually created a broader scope for our study. Last,
whether the use of highly cited documents (e.g., text-
books) as seed articles, rather than the journal articles
selected as seeds in our study, would dramatically
change our findings is unclear. Our network tool was
inclusive of such documents although they were the
minority of articles in both network analyses. Indeed,
publishing frameworks outside of journal articles cre-
ates challenges, both in terms of physically obtaining
the material and being able to grasp the conceptual
and operational components dispersed throughout a
given textbook. Perhaps corresponding peer-reviewed
articles serving as a book review, preferably in open-
access formats to improve dissemination, could help
mitigate access and citation issues [36].

Conclusion

In conclusion, bibliometric analysis is one way to
understand how D&I frameworks are used in the de-
velopment of D&I science. We used a bibliometric
citation analysis tool to help identify the most preva-
lent models influencing D&I. D&I researchers and
practitioners may consider frequency of citation and
this network structure when planning implementation
efforts to build upon this foundation and promote
systematic advances in D&I science.
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