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Abstract 

Background  The primary aim of this scoping review was to synthesise key domains and sub-domains described 
in existing clinical decision support systems (CDSS) implementation frameworks into a novel taxonomy and demon-
strate most-studied and least-studied areas. Secondary objectives were to evaluate the frequency and manner of use 
of each framework, and catalogue frameworks by implementation stage.

Methods  A scoping review of Pubmed, Scopus, Web of Science, PsychInfo and Embase was conducted 
on 12/01/2022, limited to English language, including 2000–2021. Each framework was categorised as addressing one 
or multiple stages of implementation: design and development, evaluation, acceptance and integration, and adop-
tion and maintenance. Key parts of each framework were grouped into domains and sub-domains.

Results  Of 3550 titles identified, 58 papers were included. The most-studied implementation stage was accept-
ance and integration, while the least-studied was design and development. The three main framework uses were: 
for evaluating adoption, for understanding attitudes toward implementation, and for framework validation. The most 
frequently used framework was the Consolidated Framework for Implementation Research.

Conclusions  Many frameworks have been published to overcome barriers to CDSS implementation and offer guid-
ance towards successful adoption. However, for co-developers, choosing relevant frameworks may be a challenge. 
A taxonomy of domains addressed by CDSS implementation frameworks is provided, as well as a description of their 
use, and a catalogue of frameworks listed by the implementation stages they address. Future work should ensure best 
practices for CDSS design are adequately described, and existing frameworks are well-validated. An emphasis on col-
laboration between clinician and non-clinician affected parties may help advance the field.

Keywords  Implementation, Clinical decision support system, Frameworks, Design, Development, Evaluation, 
Implementation, Adoption, Scoping review

Background
The amount of knowledge available to clinicians to make 
evidence-based decisions is growing rapidly [1]. Clini-
cians make myriads of decisions daily. Methods of off-
loading analytical processes could reduce cognitive load 
while improving clinician situational awareness. Many 
clinical decision support systems (CDSS) have been 
developed to help clinicians in their decision-making 
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[2]. According to Shortliffe and Cimino, CDSS pro-
vide patient-specific recommendations based on clini-
cal scenarios, which usually follow clinical rules and 
algorithms, a cost–benefit analysis, or clinical path-
ways [3]. The National Academy of Medicine states that 
CDSSs form a key component of a learning health sys-
tem, which can assist the implementation and adoption 
of new knowledge into practice [4]. Further, CDSSs are 
deemed a “practical necessity for every clinician in our 
rapidly evolving health and healthcare landscape”, as they 
can “ameliorate the burden that exponentially expanding 
clinical knowledge as well as care and choice complex-
ity place on the finite time and attention of clinicians, 
patients, and every other member of the care team” [5].

Despite an increased research effort to develop com-
plex and accurate CDSS and to understand potential 
clinical benefit, CDSS are still not widely implemented 
into clinical practice [6, 7]. Recent studies have focused 
on investigating the barriers and facilitators for adopting 
CDSS [8–10]. From an organisational standpoint, bar-
riers to adoption include human–computer interaction 
issues [11–15], timing of use [11, 16–18], lack of train-
ing [11, 16], lack of integration into the clinical work-
flow [13], CDSS inefficiencies [6, 12, 16], and concerns 
regarding clinicians’ autonomy [12–14]. Adoption is also 
adversely affected by professional resistance to change 
[12, 19], and lack of end-user involvement in CDSS 
development and evaluation [13, 20].

Many implementation frameworks have been pub-
lished to overcome the identified barriers to adoption 
and offer guidance to enable the effective implementa-
tion of CDSS in clinical practice [21]. Notably, imple-
mentation frameworks differ in complexity. For instance, 
some of the published frameworks are ‘whole system’ 
[22], while some focus on only one or more aspects of the 
adoption process, such as design [23] or acceptance [24]. 
There is a significant overlap among the published frame-
works, yet each miss key domains included in others [25]. 
Some studies have reviewed a limited number of key 
frameworks with the intent to unify these into an over-
arching whole [26]. Other studies have reviewed exist-
ing frameworks and explored barriers and facilitators to 
identifying and selecting the appropriate implementation 
frameworks [21]. Sifting through and making sense of 
such a large pool of implementation frameworks is chal-
lenging. To our knowledge, no previous study has aimed 
to providing a taxonomy of these frameworks. Our scop-
ing review aims to help researchers better navigate the 
existing literature on frameworks for guiding the process 
from concept to adoption of CDSS. We believe this is of 
benefit to co-developers (researchers in both computer 
science and medicine) who are interested in implement-
ing CDSS in healthcare.

The primary objective of this scoping review is to syn-
thesise key domains and sub-domains described in exist-
ing CDSS implementation frameworks from concept to 
adoption into a novel taxonomy and demonstrate most-
studied and least-studied domains. The studied CDSS 
implementation frameworks have either specifically 
designed or applied to CDSSS. A secondary objective is 
to describe the frequency and manner of use of included 
frameworks, as well as academic impact. A tertiary aim is 
to catalogue existing CDSS implementation frameworks 
by implementation stage.

Methods
Literature search
A search of major health and health informatics literature 
databases including Pubmed, Scopus, Web of Science, 
PsycInfo and EmBase was conducted on 12/01/2022, 
limited to English language, between 2000–2021, and 
selecting only papers where the described keywords were 
present in their title or abstract. Our keywords contained 
three main terms. The first term was clinical, which indi-
cated the discipline that we were interested in. The sec-
ond term was decision support system, which is the class 
of system that we targeted for our review. The third term 
was adoption framework, which was the focus of our 
review. A set of synonyms often found in relevant liter-
ature were also searched. The synonyms were based on 
an initial pilot study, during which a small number of key 
papers on CDSS implementation stages were reviewed 
and the main terms used were identified. The full list of 
terms and synonym can be found in Table 1. 

Additional screening was conducted to exclude papers 
that did not permit access to the full paper and were not 
journal or conference peer-reviewed articles. The reason 
for excluding non-peer-reviewed work is that we wanted 
to ensure that included frameworks have been properly 
scrutinised. The reason for excluding papers published 
before 2000 was that we wanted to ensure the CDSS 

Table 1  Search terms and synonyms

The searches were restricted to the English language, including the years 2000-
2021, and keywords within the Title or Abstract. The search string was ((clinical 
OR clinician OR physician OR healthcare) AND ("decision support" OR "decision 
aid" OR “prediction rule”) AND (system OR tool OR technology) AND (adoption 
OR implementation OR adopt OR implement) AND (framework OR guideline OR 
theory))

Terms Synonyms

Clinical clinician, physician, healthcare

Decision support decision aid, prediction rule

System tool, technology

Adoption adopt, implementation, implement

Framework guideline, theory
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frameworks would be relevant for computer-based mod-
ern and future healthcare systems. The authors’ area of 
academic interest is artificial-intelligence models, which 
have largely failed to be adopted into clinical practice [6, 
7]. Therefore, we wanted to exclude frameworks pub-
lished prior to widespread existence of computerised 
health systems, which may not be relevant. The remain-
ing papers were those adhering to the inclusion (IC) and 
exclusion criteria (EC) presented in Table 2. Papers were 
included if they introduced a new framework, or either 
extended, integrated or validated an existing framework. 
We considered an existing framework ‘validated’ if it was 
used and objective results were presented to demonstrate 
how it was used. We considered the ‘evaluation’ of a 
framework to refer to whether the CDSS had an effect on 
behaviour change and process metrics of uptake, includ-
ing reach, adoption and maintenance, rather than in a 
computational sense of AI models referring to its predic-
tive performance.

Two additional search approaches were used; (1) pur-
suing references of references (“snowballing”), and (2) 
expert inquiry to identify relevant papers. This was done 

to include relevant papers that might not have been cap-
tured due to missing keywords in the title and abstract. 
Papers identified were subject to IC/EC described in 
Table 2.

To ensure a consistent review process, a training ses-
sion was conducted during which three papers were 
reviewed by the four reviewers (JW, RS, EP and EK) 
involved in this study, followed by a thorough discussion 
on the given answers and how they were derived. A dual 
independent assessment of each paper was conducted in 
two successive review rounds. Each paper was reviewed 
by one clinician and one non-medical researcher / com-
puter scientist. In cases where responses differed, the 
four reviewers worked collaboratively and resolved the 
conflict by consensus.

Study aims
This study has three main aims, and for each aim, a set 
of research questions (RQ) were addressed. The aims, 
rationale, and related RQs are presented in Table 3.

Table 2  Inclusion and exclusion criteria

Inclusion criteria (IC)

IC-1: Propose a new framework that describes at least one aspect of the process from concept to adoption of CDSS in practice

IC-2: Propose an extension of an existing framework that describes at least one aspect of the process from concept to adoption of CDSS 
in practice

IC-3: Propose a framework with the intend to assist implementation of healthcare technologies, where CDSS has been mentioned as a part of it

IC-4: Implement an existing framework in healthcare settings

Exclusion Criteria (EC)

EC-1: Framework not developed or implemented in healthcare

EC-2: Healthcare related but not specific to CDSS or technology (e.g. surgical interventions, drugs etc.)

EC-3: Framework proposed but not related to a specific stage from concept to adoption of CDSS in practice

EC-4: There is a statement in the title/abstract that a framework is provided, but none is detailed

EC-5: Publication limited to adoption challenges, suggestions, recommendations, or facilitators without providing a framework

EC-6: Review of existing frameworks without proposition of novel frameworks or study of implementation into healthcare settings

Table 3  Study aims and research questions

Aim Rationale Research question (RQ)

Frameworks descriptive taxonomy Synthesise the domains and sub-domains of published 
CDSS implementation frameworks into a taxonomy, 
and describe the most studied and least-studied 
domains

RQ1: Which are the most discussed domains 
in the published frameworks?
RQ2: Which domains have been least-discussed 
in the published frameworks?

Frameworks academic application Describe how the published frameworks have been 
used in academic practice

RQ3: What is the most popular published framework 
and how has it been used in healthcare settings?
RQ4: What is the academic impact of these frame-
works?

Frameworks co-developers catalogue Describe how the published frameworks fit within each 
stage from design to adoption

RQ5: How do the published frameworks map 
within the overarching implementation process 
from design to adoption?
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Implementation stages
During an initial pilot study, a small number of papers 
on CDSS implementation stages were reviewed. Each 
reviewer independently proposed a categorization of the 
implementation stages from design to adoption of CDSS. 
The proposed stages were combined, and disagreements 
were resolved by discussion. Upon consensus, four main 
implementation stages were identified as described in 
Table 4.

Data extraction
A data extraction sheet was created and piloted by all 
reviewers on Microsoft Excel (Microsoft Corp, Red-
mond, WA, USA), sharing via Microsoft Teams. Data 
extraction was divided equally between four reviewers, 
and each paper double-checked. Attributes extracted for 
each included paper included: its definition for CDSS (if 
provided); which stage(s) of implementation the frame-
work addressed (design and development; evaluation; 
implementation/integration; adoption/maintenance); 
and for each stage(s) of implementation the framework 
addressed, we collected domain names and definitions 
(main parts of each framework), and sub-domain names 
and definitions (sub-part of each framework). This scop-
ing review was reported using the preferred reporting 
items for systematic reviews and meta-analyses extension 
for scoping reviews (PRISMA-ScR) [27].

Descriptive taxonomy
A descriptive taxonomy (Aim 1) of domains and sub-
domains described by published CDSS implementation 
frameworks was created. Domains and sub-domains 
from frameworks which were novel, extensions of previ-
ous CDSS frameworks, or integrated into previous CDSS 
frameworks, were included. Two authors (one clinician 
and one non-medical researcher / computer scientist) 
independently identified which implementation stage(s) 
each framework addressed (Table  4) and extracted all 
domains and related sub-domains. Each domain and 
sub-domain within each implementation stage was then 
examined by two authors independently (JW and EK), 
and similar categories were merged/combined, to form 
more a truncated but inclusive list. Least-discussed and 

most-discussed domains were then quantified and graph-
ically displayed.

Frameworks academic application
The frequency of frameworks described in included 
studies (Aim 2) was quantified by adding the number of 
papers which reported validation of a published frame-
work and was graphically displayed. As a sensitivity 
analysis of the academic impact of each framework, a 
bibliometric search of citations of the original publica-
tion introducing each framework was conducted. Search 
engines explored included Web of Science and Google 
Scholar (searched 7th September 2022).

Frameworks co‑developers catalogue
The final aim of the study (Aim 3) was addressed by map-
ping studies which propose a new framework, or extend 
or integrate an existing framework, within implementa-
tion stages. These frameworks are categorised based on 
the authors’ discipline and provide a catalogue of pub-
lished CDSS implementation frameworks by stage of 
implementation.

Results
Literature search results
The number of papers identified in each database are pre-
sented in Table  5. The results of the literature selection 
process are presented in Fig. 1. Initially, 3558 papers were 
identified for screening. After removing duplicates, the 
abstracts were read by two reviewers and we excluded 
those that did not follow the IC mentioned in Table  1, 
resulting in 129 papers. From these, 58 papers remained 
for inclusion in this scoping review (Table  6).  Of these 
58 included papers, 21 proposed new CDSS implemen-
tation frameworks, 5 extended previous frameworks, 2 
integrated into an existing framework, and 39 validated a 
previously developed CDSS implementation framework.

Study results
This section presents results from the analysis of the 
included literature with respect to the objective and RQs 
presented in Table 3.

Table 4  Stage of implementation

Stage Description

Design & Development Clarification of who, why, how the CDSS is intended to be used; the development process

Evaluation Predictive performance of CDSS; initial impact study; feasibility study

Acceptance & Integration User acceptance; usability; integration/ implementation into existing workflow

Adoption & Maintenance Dissemination, surveillance, and monitoring; revisions; organisation reliance to adapta-
tions; follow-up study
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Frameworks descriptive taxonomy
To address the first study objective (Table  3; RQ1 and 
RQ2), we created a taxonomy of the main domains and 
sub-domains of each new, extended or integrated CDSS 
implementation framework, as well as how they fit within 
each implementation stage (Table  7). Papers included 
in this scoping review that simply validated an already 
published CDSS implementation framework were not 
included in Table  7. This addresses RQ1 and RQ2, by 
demonstrating the most- and least-discussed domains in 
published frameworks. A histogram of the frequency of 
each domain as mentioned in published frameworks is 
also shown in Fig. 2. The implementation stage observed 

with the greatest frequency was ‘Acceptance & Integra-
tion’; within this phase, the ‘Based on user/human fac-
tors’ domain was the most popular area for frameworks 
to focus upon. The least frequently described implemen-
tation stage was ‘Design & Development’; and the least 
discussed domain was ‘Addressing a defined condition’ 
(Fig. 2).

Frameworks academic application
The second study objective (Table  3; RQ3 and RQ4) 
was addressed by studying how many included stud-
ies reported implementation of a published framework. 
Use of a published framework was described in 39 out of 

Table 5  Search results by database source

Database Identified papers Fields Filters

Pubmed 710 Title/ Abstract English Language, Period 2000–2021

Scopus 1240 Title/ Abstract English Language, Period 2000–2021, Journal Type

Web of Science 1086 Title/ Abstract English Language, Period 2000–2021, Journal Type

PsycInfo 100 Title/ Abstract English Language, Period 2000–2021, Journal Type

Embase 414 Title/Abstract English Language, Period 2000–2021, Journal Type

Fig. 1  PRISMA diagram for literature selection
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Table 7  A descriptive taxonomy of domains and sub-domains identified in CDSS implementation frameworks which were new, an 
extension or integration

Implementation Stage Domains Sub-Domains

Design & Development 1.Based on existing evidence [46, 55]
2.Focused on end-users [40, 42, 49, 71]
3.Addressing a defined condition [40]
4.Is theoretically feasible [40, 42, 53, 71]
5.Intending to provide benefit [40, 46]

1a. Defined evidence base [46]
1b. Fits to existing workflow [55]
2a. Addresses clinical User needs [40, 42, 49, 71]
2b. Clinically appropriate input & output [40, 49, 71]
3a. Defined nature of condition or illness [40]
3b. Influence of comorbidities, socio-cultural influences [40]
4a. Data is available [40, 49, 71]
4b. Knowledge from CDSS is needed [40]
4c. Model development [40, 42, 53]
5a. Intended benefit to healthcare providers, patients, and/
or affected parties [40, 46]

Evaluation 1.Assessing usability [30, 34, 43–46]
2.Assessing technology quality and performance [22, 30, 34, 
43–45, 50, 54]
3.Assessing organisational support and feasibility [22, 45, 53]
4.Assessing impact on practice [22, 46, 50, 54]

1a. Actual versus intended use in target population [30, 34]
1b. System usability/user satisfaction [34, 44, 45]
1c. System explainability (explanation, debiasing, addressing 
uncertainty, sensibility, comprehensibility) [30, 43]
1d. Understanding the change process [46]
2a. System quality and functionality (hardware & software 
adaptability, flexibility, dependability) [34, 45, 54]
2b. Data availability, integrity and safety (confidentiality, qual-
ity, privacy and security) [30, 34, 45, 54]
2c. Predictive performance (discrimination, calibration, thresh-
olds) [22, 30, 43]
2d. Validation (internal, temporal, external) [44, 50]
3a. Organisational support, structure, security and environ-
ment [45]
3b. Feasibility of impact study [22, 53]
4a. Impact on practice (effectiveness on clinically relevant 
outcomes) [22, 46, 50, 54]

Acceptance & Integration 1.Based on users/human factors (inner setting) [8, 24–26, 28, 
29, 33, 40, 42, 44, 45, 52, 54, 70, 72, 80]
2.Based on technology efficiency and effectiveness [24–26, 
28, 33, 42, 45, 54, 55, 70, 72]
3.Based on fit between technology and condition [25, 26, 
28, 33, 42, 44, 45, 52, 55, 70, 72, 80]
4.Based on organisation and wider system (outer setting) 
[24–26, 33, 45, 54, 70, 80]

1a. Usability, usefulness, trustworthiness, performance expec-
tancy, user expectations and needs [24–26, 28, 33, 44, 52, 54, 
72, 80]
1b. User mental effort, situational awareness, memory, atten-
tion, and decision-making [26, 29, 42]
1c. User professionalism (knowledge, skills/abilities, role/
identity, intentions/goals) [26, 70]
1d. User personality (beliefs, attitudes, emotions, behavioral 
regulation) [26, 70]
2a. System efficiency, accessibility, adaptability [25, 26, 33, 45, 
54]
2b. System communicability (interface design, informative-
ness) [25, 33, 40, 42, 70, 72]
2c. Informatics and patient safety (privacy, security, risk) [24, 
26, 42, 45]
3a. Workflow integration, clinicians familiarised with technol-
ogy, relevance, training required [26, 28, 42, 45, 52, 55, 72, 80]
3b. Perceived benefits/value and consequences (relative 
to standard care) [25, 26, 28, 33, 70]
3c. Effects on quality, effectiveness of care, safety, clinician 
autonomy, healthcare efficiency [26, 44]
4a. Professional and social influences and structures (culture) 
[25, 26, 44, 45, 70]
4b. Organisational support (IT systems, environmental context 
and resources) [25, 26, 33, 54]
4c. Capacity to innovate; readiness for change; organisational 
resilience [25]
4d. Political, policy, regulatory, legal landscape [24, 26, 45, 80]
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Table 7  (continued)

Implementation Stage Domains Sub-Domains

Adoption & Maintenance 1.Related to impact on users [25, 28, 39, 49, 54, 63, 71]
2.Related to technology quality [22, 25, 28, 39, 49, 54, 71]
3.Related to organisational support [25, 39, 40, 44, 53, 54, 71]
4.Related to impact on patients [22, 28, 39, 44, 46, 54]

1a. User familiarity, motivation, intention [28]
1b. Impact on user decisions, workflow, needs, role, profes-
sion, identity [28, 39, 49, 71]
1c. Social/cultural influence [25, 28, 63]
2a. Barriers/facilitators of technology (usability, usefulness, rel-
evance, trust, complexity, hardware/software) [22, 25, 28, 54]
2b. Maintain/monitor use, quality, data completeness [39, 49, 
54, 71]
2c.Verify predictive performance, acceptability [22]
2d. Update/revise model [39, 49]
2e.Relative benefits (efficiency, effectiveness) [25]
3a. Organisational governance, policies, support, motivation 
and incentives [25, 39, 40, 53, 71]
3b. Cost effectiveness [25, 44, 54]
4a. Monitor/surveillance of clinical impact (effectiveness, 
long-term follow-up) [39, 46]
4b. Patient satisfaction, privacy, safety, preferences [28, 44, 54]

Fig. 2  Frequency of domains by implementation stage
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the 58 papers included in the scoping review. Three main 
purposes of framework use were identified:

1)	 To evaluate adoption: using a CDSS framework to 
evaluate the adoption and acceptance of a specific 
CDSS.

2)	 To understand attitudes toward implementation: cre-
ation of an interview protocol and/or analysis results 
to better understand the barriers and facilitators of 
CDSS adoption.

3)	 To validate a framework: assess a framework’s valid-
ity through case studies and/or interviews.

As shown in Fig.  3, the most frequently used or 
reported frameworks in the studied literature were the 
Consolidated Framework for Implementation Research 
(CFIR) [25], and the Reach, Efficacy, Adoption, Imple-
mentation, and Maintenance framework (RE-AIM) [81]. 
The most frequent use of the framework was to evalu-
ate adoption. Regarding the two most popular adoption 
frameworks, CFIR was used mostly for understanding 

Fig. 3  Frequency and academic use of published adoption frameworks in scoping review. Legend: The graph represents frequency of use 
and type of academic use within included studies in this review. The table represents the average number of annual citations since publication 
of each framework to 2022, in each key search engine (Web of Science and Google Scholar). Frameworks included in our reference list were 
BEAR (Behaviour and Acceptance Framework; Camacho 2020) [26], CFIR (Consolidated Framework for Implementation Research; Damschroder 
2009) [25], GRASP (Grade and Assess Predictive tools; Khalifa 2019) [44], HITREF (Health Information Technology (HIT) Reference-based Evaluation 
Framework; Sockolow 2015) [54], HOT-FIT (Human, Organisation, and Technology-fit Framework; Yusof 2008) [34], and NASSS (Nonadoption, 
Abandonment, Scale-up, Spread, and Sustainability; Greenhalgh 2017) [40]. Original frameworks not included in the scoping review included those 
for RE-AIM (Reach, Efficacy, Adoption, Implementation, and Maintenance framework; Glasgow 1999) [81], UTAUT (Unified Theory of Acceptance 
and Use of Technology; Venkatesh 2003) [82], TDF (Theoretical Domains Framework; Michie 2005) [83], PRISM (Practical Robust Implementation 
and Sustainability Model; Aqil 2009) [85], and NPM (Normalization Process Model; May 2009) [84]
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attitudes towards implementation [9, 37, 38], while RE-
AIM was used solely to evaluate adoption [58, 60, 73]. 
The sub-table in Fig.  3 shows the average annual cita-
tions since publication of each framework in key search 
engines (Web of Science and Google Scholar). Using this 
metric, the frameworks which have had the most aca-
demic impact were UTAUT (Unified Theory of Accept-
ance and Use of Technology) [82], followed by CFIR [25], 
RE-AIM [81], NASSS (Nonadoption, Abandonment, 
Scale-up, Spread, and Sustainability) [40], TDF (Theo-
retical Domains Framework) [83], NPM (Normalization 
Process Model) [84], HOT-FIT (Human, Organisation, 
and Technology-fit Framework) [34], PRISM (Practical 
Robust Implementation and Sustainability Model) [85], 
GRASP (Grade and Assess Predictive tools; Khalifa 2019) 
[44], BEAR (Behaviour and Acceptance Framework) 
[26], and HITREF Health Information Technology (HIT) 
Reference-based Evaluation Framework; Sockolow 2015) 
[54] (Fig. 3).

Frameworks co‑developers’ catalogue
The third study objective (Table  3; RQ5) was addressed 
by studying how published frameworks mapped within 
the overarching implementation process from design to 
adoption. The implementation stage that has gained less 
research attention is the initial ‘Design and Development’ 
phase (Fig. 4). Many frameworks address multiple imple-
mentation stages, including five frameworks which are 
address three implementation stages, though no frame-
work addressed all four implementation stages. Most of 
the published frameworks have been created by health-
care professionals without any collaboration with non-
medical researchers / computer scientists.

Discussion
Findings and strengths
This scoping review has confirmed a lack of standardi-
sation of frameworks which have been developed to aid 
implementation of clinical decision support systems. 
Multiple frameworks have been developed, each focus-
sing on one or many stages of implementation, but few 
in a holistic manner which could guide co-developers 
through their project from design to adoption. Most 
frameworks have been created without any subsequent 
attempt at validation in academic or clinical practice. 
In this context, instead of creating a new framework to 
add to a crowded market, we have instead attempted 
to make sense of the existing literature, in order to best 
serve co-developers by helping them decide which 
framework(s) best suits their needs. We have therefore 
provided a novel taxonomy of domains included in exist-
ing CDSS implementation frameworks, in order to iden-
tify domains which have been most- and least-addressed; 

quantified the frequency of use of these frameworks 
within included studies, along with a bibliometric sensi-
tivity analysis, to identify frameworks which have gained 
the most popularity among researchers; and provided a 
practical catalogue from which co-developers can select 
existing frameworks which best suit their project. To our 
knowledge, this is the first study to provide a taxonomy 
of domains of CDSS implementation frameworks, as well 
as a catalogue of these frameworks. We utilised a well-
structured review process, including a clear objective and 
related research questions, training of all study reviewers 
prior to conducting the review, and two rounds of review, 
ensuring that both a non-medical researcher / computer 
scientist and a clinician reviewed each paper eligible for 
full-text review.

In the ‘Acceptance and Integration’ stage of implemen-
tation, the most frequent domain was “Based on user/
human factors”, including a sub-domain related to usa-
bility/usefulness (n = 10). Usability is known to be one 
of the main barriers to implementation and adoption 
of CDSS, so it is aptly reported with greater frequency 
in published frameworks. Usability has been defined by 
the International Organisation for Standardisation (ISO 
9241–11:2018), as the “extent to which a system, product 
or service can be used by specified users to achieve speci-
fied goals with effectiveness, efficiency and satisfaction in 
a specified context of use” [86]. Usability can be evaluated 
in multiple ways, including both quantitative and qualita-
tive methods [87]. The ‘Design and Development’ stage 
was less frequently studied. Only one framework focused 
on the condition and comorbidities which the CDSS is 
meant to address [40]. In addition, only one framework 
each focuses on the existing evidence base [46], and cur-
rent workflow [55] during the design and development 
stage. These aspects may need more emphasis in CDSS 
frameworks, especially because much effort is placed 
on matching the technology with clinical need in later 
implementation stages. Of the known adoption barriers 
mentioned in the introduction, all were addressed within 
the frameworks at one of the implementation stages, 
however involvement of the user in the design and devel-
opment stage was lacking.

This study has also highlighted how published CDSS 
frameworks were used in included studies (Fig.  3). The 
most used frameworks were found to be CFIR and RE-
AIM. CFIR was used more broadly, for both evaluation of 
adoption and to understand attitudes toward implemen-
tation. Perhaps this is because it is a framework which 
was designed by combining aspects of many frameworks; 
it may be used because it is deemed to be comprehensive 
[25]. RE-AIM was used solely for evaluation of adop-
tion, likely because it is accessible and easily under-
standable [58, 60, 73]. Few frameworks were validated 
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or implemented. This may be due to their qualitative and 
theoretical basis, rather than a protocolised framework, 
which could be more easily quantitatively evaluated for 
validation. A bibliometric analysis identified that the aca-
demic impact of frameworks varied greatly, with UTAUT, 
CFIR, RE-AIM, NASSS and TDF garnering many more 
citations than others, despite other frameworks being 
more comprehensive (e.g. BEAR).

Due to the existence of multiple overlapping frame-
works, academics and CDSS developers may choose to 
develop a new framework, rather than implement existing 

frameworks. This phenomenon could inevitably lead to 
further lack of standardisation, and repetition (and pos-
sible waste) of academic effort. In order to prevent this, 
we have included a catalogue of existing frameworks for 
CDSS implementation (Fig.  4). The catalogue reiterates 
two key findings of this study: that the most highlighted 
domains relate to ‘Acceptance and Integration’ phases of 
CDSS implementation, while the least discussed domains 
relate to CDSS ‘Design and Development’. The catalogue 
will be useful to CDSS co-developers and project teams 
to identify relevant guidance to consider at each stage 

Fig. 4  Co-developers catalogue of published frameworks by related implementation stage
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of implementation. Other authors have asserted that 
multiple frameworks may be more appropriate than a 
single comprehensive one, to address each aspect of the 
development-to-adoption process of CDSS implementa-
tion [88]. We agree, and offer this guide to frameworks, 
rather than attempt to combine all domains into a single 
framework. Many CDSS studies use existing frameworks 
rather than creating new frameworks, such as CFIR and 
PRISM. Or, the frameworks are often used together, such 
as an implementation framework (e.g. CFIR, PRISM or 
RE-AIM) to capture the breadth of contextual issues, 
alongside a technology framework (e.g. UTAUT), which 
provides more granular insight on socio-technical issues. 
This work augments existing online resources for under-
standing and choosing implementation frameworks [89].

There are some limitations to this study. It is possible 
that our search strategy missed out on relevant papers. 
Even if this is a representative sample of papers published 
in both medical and artificial intelligence (AI) journals 
and conference proceedings, it may not reflect the entire 
range of the literature on CDSS adoption frameworks. 
It is also possible that a small number of relevant papers 
were not included because they did not use the selected 
keywords in their title or abstract, though we mitigated 
this by also searching references of references and expert 
recommendations. Another limitation is the subjectivity 
with which the domains and sub-domains were grouped 
and mapped across the implementation stages from 
the four reviewers. We mitigated this by ensuring two 
reviewers reviewed and extracted data from each paper: 
one non-medical researcher / computer scientist and one 
clinician, and consensus was achieved in case of a disa-
greement. This process took time, and therefore a further 
limitation is that publications published in 2022 or early 
2023 were not included. Further because we specified a 
time period of 2000–2021 in our search strategy, some 
well-known frameworks for utility and adoption of tech-
nology (such as UTAUT) were not included in the first 
research objective, though they were captured by the 
second objective. Another limitation to the framework 
use section is that frameworks could only be identified 
as being in use if it was published in an academic jour-
nal and met inclusion criteria for our study. This was par-
tially mitigated by the bibliometric sensitivity analysis. 
However, there may be frameworks in use without being 
published in an academic journal, and academic cita-
tions may not always denote positive impact; frameworks 
may be cited by authors to describe negative aspects (e.g. 
to highlight bias or their inadequacies as a framework). 
Future research directions may include more work into 
less-studied aspects, especially design and development 
of CDSS frameworks. Further, few frameworks have 
been formally validated, which would help teams choose 

whether and how these complex interventions should be 
applied. An emphasis on collaboration between clinician 
and non-clinician affected parties may help advance the 
field.

Conclusions
Many CDSS implementation frameworks exist. How-
ever, for co-developers, choosing relevant frameworks 
may be a challenge. A taxonomy of domains addressed 
by CDSS implementation frameworks is provided, as well 
as a description of their use, and a catalogue of frame-
works listed by the implementation stages they address. 
The most frequently published implementation stage is 
‘acceptance and integration’ of CDSS, while ‘design and 
development’ is the least-studied. More effort should be 
placed on framework validation, and engaging with key 
affected parties of CDSS implementation, including clini-
cians, developers, non-medical researchers / computer 
scientists, and patients.
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