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Abstract

Background: For eHealth technologies in general and audit and feedback (AF) systems specifically, integrating interdisciplinary
theoretical underpinnings is essential, as it increases the likelihood of achieving desired outcomes by ensuring a fit among eHealth
technology, stakeholders, and their context. In addition, reporting on the development and implementation process of AF systems,
including substantiations of choices, enables the identification of best practices and accumulation of knowledge across studies
but is often not elaborated on in publications.

Objective: This scoping review aims to provide insights into the development and implementation strategies for AF systems
for a real-world problem that threatens modern health care—antimicrobial resistance—and provide an interdisciplinary conceptual
framework that can serve as a checklist and guidance for making informed choices in the development and implementation of
future AF systems.

Methods: A scoping review was conducted by querying PubMed, Scopus, Web of Science, IEEE Xplore Digital Library, and
Embase (≥2010) for studies describing either the development or implementation process, or both, of an AF system for antimicrobial
resistance or infections in hospitals. Studies reporting only on effectiveness or impact were excluded. A total of 3 independent
reviewers performed the study selection, and 2 reviewers constructed the conceptual framework through the axial and selective
coding of often-used theories, models, and frameworks (TMFs) from the literature on AF and eHealth development and
implementation. Subsequently, the conceptual framework was used for the systematic extraction and interpretation of the studies’
descriptions of AF systems and their development and implementation.

Results: The search resulted in 2125 studies that were screened for eligibility, of which 12 (0.56%); 2012-2020) were included.
These studies described the development and implementation processes heterogeneously in terms of study aims, study targets,
target groups, methods, and theoretical underpinnings. Few studies have explicitly explained how choices for the development
and implementation of AF systems were substantiated by the TMFs. The conceptual framework provided insights into what is
reported on the development and implementation process and revealed underreported AF system constructs (eg, AF system design;
engagement with the AF system; and comparison, goal setting, and action planning) and development and implementation (eg,
champions) constructs.

Conclusions: This scoping review showed the current heterogeneous reporting of AF systems and their development and
implementation processes and exemplified how interdisciplinary TMFs can (and should) be balanced in a conceptual framework
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to capture relevant AF systems and development and implementation constructs. Thereby, it provides a concrete checklist and
overall guidance that supports the professionalization and harmonization of AF system development and implementation. For
the development and implementation of future AF systems and other eHealth technologies, researchers and health care workers
should be supported in selecting and integrating TMFs into their development and implementation process and encouraged to
explicitly report on theoretical underpinnings and the substantiation of choices.

(J Med Internet Res 2022;24(3):e33531) doi: 10.2196/33531
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Introduction

Background
Audit and feedback (AF) is a common reflective approach for
various health care targets; however, the reported effects are
small to moderate [1]. With the increase in electronically
available data in health care, there is great potential for
electronic AF systems [2]. The effectiveness of AF systems
depends on the targeted behavior and the content, delivery, and
context of AF and the system [1,3-6]. These constructs are often
studied after AF system development and implementation to
evaluate strategies and their ingredients for success [7-10]. In
the literature, less attention has been paid to the development
and implementation processes of AF systems [3], as is also
common in the broader field of eHealth [11,12]. The
development process of eHealth can refer to the entire iterative
process of developing an eHealth technology, from predesign
and design to implementation and (summative) evaluation [13].
However, in this study, we focus on the process from predesign
and design (referred to hereafter as development) to
implementation, including formative evaluation cycles. This
allows us to focus on the early stages of implementation and
development that are truly intertwined, as potential
implementation issues (eg, limited eHealth skills) should be
accounted for early in the development process to avoid
well-known pitfalls of stakeholder and context disregard [14].
These phases are entwined by iterative formative evaluation
cycles that provide ongoing information on how to improve
both the eHealth technology and the development process taking
[13].

Development and implementation are essential to gain a
profound understanding of relevant stakeholders, their thinking
and work processes, and their context (including implementation
factors). Without this understanding, a misfit among technology,
context, and people is likely to occur, which decreases the
effectivity and efficiency of eHealth in practice [13]. It is crucial
to consider these constructs from the start of the development
and implementation process to avoid common pitfalls in current
AF, such as top-down expert-driven audits with feedback at the
hospital level rather than personalized, actionable feedback that
supports health care workers (HCWs) in improving the quality
and safety of health care [15,16].

The application of theories, models, and frameworks (TMFs)
is advocated as an integral part of eHealth development and
implementation as it identifies what works for whom, why, how,
and when, likely resulting in eHealth technology that achieves

the desired outcomes [17]. Colquhoun et al [18] and Tuti et al
[2] reported that only 9% (n=140) and 29% (n=7) of the included
studies in their systematic reviews explicitly used theory to
inform AF development and design. Therefore, implicit
assumptions about AF working mechanisms and effective AF
systems have driven AF development. Although these
assumptions might hold true, they were not informed by theory
[18,19], whereas there is a clear link between TMFs and eHealth
intervention effectiveness [20,21].

To study the development and implementation of AF, this
scoping review focuses on a real-world, wicked
problem—antimicrobial resistance (AMR). AMR poses an
increasing threat to human health and the durability of modern
health care [22]. By 2050, AMR is expected to cause more
yearly deaths worldwide than cancer currently does [23].
Antimicrobial and diagnostic stewardship programs and
infection control programs form an integrated approach of AMR
prevention measures (APMs) that aim to reduce and prevent
the burden of AMR in hospitals [24]. Previous studies on
HCWs’ needs for APM support showed that changing HCWs’
beliefs about their contribution to limiting AMR should be an
important aim of APM strategies rather than merely focusing
on raising AMR awareness or influencing ad hoc decisions
[25,26]. To do so, learning through reflective cycles provides
the opportunity to change HCWs’ behaviors by giving them
insight into their own behavior and improvement possibilities
[15,27]. Therefore, AF for APM (APM-AF) is a promising
strategy in the fight against AMR, although it is currently
underused and understudied in the field of AMR [7].

There is a clear link between the use of TMFs and APM
effectiveness [28-31], and because of the interdisciplinary nature
of APM and eHealth, approaches for development and
implementation are grounded in a plethora of TMFs [32]. In
particular, APM-AF combines behavior change techniques
[28-31], participatory eHealth development [33],
human-centered and persuasive design [34-37], and
improvement [38] and implementation [39] science. Moreover,
TMFs have emerged for AF itself (eg, actionable feedback and
feedback intervention theory [3-6]) and in the field of AMR
(eg, integrated stewardship model [16,24,40]). Combining these
TMFs into a conceptual framework that guides the development
and implementation of APM-AF is challenging, and there is
little guidance on how to create such interdisciplinary conceptual
frameworks [41,42].
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Objectives
There seems to be no standardized way of (theoretically)
substantiating choices for and reporting on the development
and implementation of AF systems, which hinders the
identification of best practices and knowledge accumulation
[10,43]. Whereas other reviews on AF have mainly focused on
the effectiveness of AF systems [1,2], this scoping review
focuses on the development and implementation process to
further harmonize and professionalize AF system development
and implementation. The aim of this study is to gain insight into
the development and implementation strategies for APM-AF
systems by answering the following research questions:

1. What studies have been conducted so far to study the
development and implementation of APM-AF systems?

2. What TMFs are used and described in studies on the
development and implementation processes of APM-AF
systems?

3. What information has been reported on APM-AF systems,
and how are choices substantiated?

4. What information has been reported on the development
and implementation processes of APM-AF systems, and
how are choices substantiated?

5. What are the lessons learned for the development and
implementation of APM-AF systems?

To allow for an evidence synthesis of information on the
development and implementation of APM-AF, and because of
the explorative aim and research questions in this study, a
scoping review is preferred over a systematic literature review
[44,45]. This scoping review provides an interdisciplinary
conceptual framework that supports researchers, HCWs, and
policy makers to make informed choices in APM-AF system
development and implementation, with the aim of reducing the
burden of AMR and improving the quality and safety of health
care.

Methods

The PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist was used to report on this scoping review without a
prior registered review protocol [46]. This scoping review was
designed by a multidisciplinary research team comprising AMR
and eHealth experts.

Eligibility Criteria
Studies were included if (1) they described the development
and implementation process of an AF system (including
monitoring and surveillance systems), (2) the system provided
feedback to HCWs, and (3) the system targeted AMR and
infections in hospitals. A more elaborate description of
development and implementation is provided in Multimedia
Appendix 1 [13]. We define AF systems as any system that
comprises AF, wherein at least one of them (audit or feedback)
is delivered or enhanced through the internet and related
technologies [47]. As reporting on eHealth development and
implementation processes is highly heterogeneous, there were
no requirements for specific TMFs, methods, or eHealth
technologies. Reviews and poster abstracts were excluded, as

were studies outside the hospital setting. Evaluation studies that
only reported on APM-AF effectiveness and impact without
reporting on development and implementation were excluded.
However, constructs of formative evaluation (defined as
“activities throughout the entire development process that
provide ongoing information on how to improve the
development process, outcomes of activities and eHealth
technology” [13]) were included, as it is intertwined throughout
the eHealth development and implementation process. A full
list of eligibility criteria can be found in Multimedia Appendix
1.

Information Sources, Search, and Selection of Evidence
A comprehensive and systematic literature search in PubMed,
Scopus, Web of Science, IEEE Xplore Digital Library, and
Embase was conducted without language restrictions. Only
studies published in and after 2010 were considered, as both
eHealth development and implementation and AMR and APM
are rapidly advancing fields. Databases were queried by JK on
November 2, 2020, except for Embase, which was queried on
January 28, 2021. Together with an information specialist, AMR
experts, and eHealth researchers, a structured query was
constructed comprising the following terms: audit OR monitor
OR surveillance AND feedback AND develop* OR implement*
AND infection OR antib* OR antimicrobial OR resistance.
The results were uploaded to the Covidence web-based software
platform (Veritas Health Innovation Ltd), where duplicates were
removed. Sources of evidence were selected in a thorough
screening process, including title and abstract screening and
full-text screening by three researchers independently (JK, BB,
and NBJ). After each round, conflicts were discussed until a
consensus was reached.

Data Charting Process
To chart the data, JK created a data extraction form (Multimedia
Appendix 2 [2-5,18,43,48-50]) in Microsoft Excel. The general
study characteristics extracted were first author, year, journal,
country, study aims, targets and target groups, study design and
methods, and theoretical underpinning. Given the heterogeneous
study approaches and theoretical underpinnings of the included
studies, a comprehensive overarching conceptual framework
was needed to systematically analyze relevant constructs. The
conceptual framework was grounded in often-used TMFs and
best practices from various scientific perspectives on AF
[3-5,18] and for the description, development, and
implementation of eHealth interventions in general [2,43,48-50].
These TMFs and best practices were merged via an iterative
axial and selective coding process by JK and NBJ. Thereby,
overlapping and complementary constructs from various
scientific perspectives were revealed. To structure all constructs,
a distinction was made between constructs for APM-AF systems
(n=41; research question 3) and constructs for development and
implementation (n=35; research question 4).

The data extraction form was discussed within the research
team, piloted, and iteratively refined throughout the assessment
process. Note that this conceptual framework should be merely
seen as an analytic framework for an organized way of thinking
about and reporting on APM-AF systems from various
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perspectives and not as a theory explaining or predicting possible
interrelations and outcomes.

Synthesis of Results
The main researcher (JK) read all full texts and systematically
extracted the data using the data extraction form. Studies were
scored with a + for a comprehensive, ~ for an incomplete, and
- for a missing description for each data field. Descriptions were
copied from the studies and further summarized per data field
by describing variations among studies (ie, axial coding). In
this process, data fields described by none of the studies were
omitted (Multimedia Appendix 2), and other overlapping fields
were combined. This reduced the number of data fields for
APM-AF systems to 29. The translation and summarization of
the extracted data into results were discussed in various rounds
within the research team. Owing to the heterogeneity and

qualitative nature of the included study designs, the richness
and relevance of the (contextual) information were believed to
be more important than study quality. Therefore, no quality
appraisal was performed [51].

Results

Study Selection
The literature search resulted in 3592 potentially relevant
abstracts. Of the 3592 papers, after removing 1467 (40.84%)
duplicates, 2125 (59.16%) unique titles and abstracts were
assessed (Figure 1), which resulted in the eligibility assessment
of 58 (1.61%) full texts. The main reasons for exclusion were
a lack of information on development or implementation and
evaluation studies (without reporting on development or
implementation).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of included and excluded studies, including
reasons for exclusion.

Current State of the Literature Addressing APM-AF
Development and Implementation (Research Question
1)

Study Characteristics
In total, of the 58 papers, 12 (21%) were included in this review
(2012-2020), mostly from PubMed, Scopus, and Web of

Science. Publications came from Northern American (6/12,
50%) or European (4/12, 33%) countries and Australia (2/12,
17%). Included studies stemmed from journals in various
research fields (eg, infections or implementation science).
Studies described APM-AF systems that were either in
(preparation of) development or already implemented in
practice, resulting in a wide variety of study aims, study targets,
target groups, study designs, and used methods (Table 1).
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Table 1. Study characteristics.

Theoretical
underpinning

Study design and methodsTarget groupStudy targetsStudy aimsJournalAuthor and
country

Theoretical
Domains
Framework

Qualitative:Nurses and
administra-
tors

ICPb and HAIc: HH
(improving HH com-
pliance)

To identify nurses’and admin-
istrators’ perceived barriers

and facilitators to current HHa

practices and the implementa-

Implementa-
tion science

Boscart et al,
Canada [52] • Semistructured key infor-

mant interviews

tion of a new electronic moni-
toring technology for HH

Model of Ac-
tionable Feed-
back

Multiple methods:HCWs (eg,
nurses and
respiratory
therapists),

ICP and HAI: HH (in-
crease HH frequency)

To describe the implementa-
tion of an automated group
monitoring and feedback sys-
tem for promoting HH among

The Joint
Commission
Journal on
Quality and

Conway et al,
United States
[53]

• Quantitative: before-and-
after study on HH events
per patient hour (out-

administra-HCWsd and report its impactPatient Safe-
ty

come)
tors, and
managers

on the frequency of HH at a
community hospital

• Qualitative: focus groups

None reportedMultiple methods:HCWs, staff,
unit/depart-

ICP and HAI: HH
(improving HH com-
pliance)

To describe the implementa-
tion of an electronic HH
monitoring system in 3 com-
munity hospitals, including

American
Journal of
Infection
Control

Edmisten et
al, United
States [54]

• Quantitative: after study
(outcome measures on
HH compliance after

ment direc-
tors and, fa-
cility man-
agement

the challenges and drivers of
success and the maintenance
activities needed for contin-

implementation)
• Qualitative: direct input

from users/department
ued improvements in compli-
ance with HH practices

and facility leaders, di-
rect observation, and
analysis of system-gener-
ated data and sharing of
best practices between
facilities

Feedback In-
tervention
Theory

Multiple methods:HCWs (eg,
nurse practi-
tioners and
staff physi-
cians)

DSPe and HAI: to im-
prove internal-
medicine resident’s
and long-term care
personnel’s capacity

To describe how feedback in-
tervention theory can be sys-
tematically applied in health
care settings to design better
feedback interventions

BMJ Quality
and Safety

Hysong et al,
United States
[55]

• Quantitative: the Smither
et al [56] 11-item scale
for recipients’ reactions
to feedback

to distinguish between • Quantitative: chart moni-
toring (adherence to theasymptomatic bacteri-

uria and catheter-asso- treatment algorithm,
ciated urinary tract in-
fection

specifically, rates of
urine culture) of orders
and inappropriate use of
antibiotics

None reportedMultiple methods:HCWs (eg,
pharmacists
and nurses)

ASPf: to improve the
quality of patient care
by reducing inappro-
priate and unneces-

To design an audit tool that
was appropriate for use in all
Australian hospitals, suited to
local user requirements, and
included an assessment of the

The Journal
of Antimicro-
bial
Chemothera-
py

James, Aus-
tralia [57] • Quantitative: interrater

reliability and validity
tests and web-based
questionnairesary use of antimicro-

bials (national level
focus)

overall appropriateness of the
prescription

• Qualitative: teleconfer-
ence and direct input
from users

Pronovost
Knowledge

Multiple methods:Not clearly
described;

ICP and HAI: to im-
prove the credibility

To develop and implement an
infection control performance

American
Journal of

Jeanes et al,
United King-
dom [58]

• Quantitative: question-
naires and intermittent(“auditors”

and man-
agers)

and use of infection
control performance
monitoring (beyond
HH)

and quality improvement data
collection tool to meet the
needs of large, acute health
care providers and improve
the credibility and use of infec-

Infection
Control

Translation
Cycle and
Barriers and
Mitigation
tool, double

validation
• Qualitative: day to day

contacts with auditors,
feedback from users via

tion control performance
monitoring

loop learning
cycle, and
Hexagon tool
framework

the IC-CQIg data input
system, discussion
groups, and IC-CQI
training sessions
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Theoretical
underpinning

Study design and methodsTarget groupStudy targetsStudy aimsJournalAuthor and
country

CeHResi road
map

Multiple methods:

• Quantitative: question-
naire

• Qualitative: 2 focus
groups (last focus group
prototype based)

HCWs (eg,
urologists
and resi-
dents)

DSP, ASP, and ICP:
to optimize HCWs’
diagnostic, antibiotic
prescription and infec-
tion control behavior

to limit AMRh

To describe how a bottom-up
participatory development
approach can improve the
persuasive design of data-
driven technologies for their
end user (ie, HCWs) and
within their context and de-
scribe how bottom-up partici-
patory development is a neces-
sary precondition for the de-
velopment of persuasive data-
driven technologies that foster
sustainable implementation

Lecture
Notes in
Computer
Science

Keizer, the
Netherlands
[59]

Design Sci-
ence Research
Methodology
and gamifica-
tion

Multiple methods (2 work it-
erations):

• Qualitative: preliminary
experiments, simula-
tions, field studies, and
focus groups

NursesICP and HAI: to cre-
ate awareness regard-
ing HCWs’ HH com-
pliance while trying to
change their behaviors
and optimize their
performance

To develop a gamification so-
lution that can provide HCWs
real-time feedback on person-
al HH compliance

BMC Medi-
cal Informat-
ics and Deci-
sion Making

Marques, Por-
tugal [60]

None reportedMultiple methods:

• Quantitative: survey
• Qualitative: semistruc-

tured telephone inter-
views

ASP pharma-
cists and
physicians

ASP: to optimize the
use of antimicrobial
agents, decrease
AMR, and decrease
rates of Clostridium
difficile infection

To identify the factors related
to the implementation of ASP
strategies

American
Journal of
Infection
Control

Pakyz, United
States [61]

Intervention
Description
and Replica-
tion frame-
work

Qualitative:

• Postimplementation fo-
cus groups

Clinicians
(eg, nurses
and resident
medical offi-
cers)

HAI: the study aimed
to reduce catheter use
and duration of
catheterization

To provide insights into the
experiences of clinicians in
implementing a multifaceted
bundled urinary catheter care

intervention (of which AFj is
a considerable component)

Journal of
Clinical
Nursing

Parker, Aus-
tralia [62]

Model of Ac-
tionable Feed-
back

Multiple methods:

• Quantitative: retrospec-
tive observational study
of antibiotic use and
clinical vignette study

• Qualitative: ethnograph-
ic workflow study and 2
focus groups

HCWs (eg,
neonatolo-
gists and pe-
diatric resi-
dents)

ASP: to promote the
judicious use of antibi-
otics

To describe the development
and implementation of their
AF intervention using a theo-
retical framework

Interdisci-
plinary Per-
spectives on
Infectious
Diseases

Patel, United
States [63]

ProjectPplan
Framework
and Plan, Do,
Study, Act
Method

Multiple methods:

• Quantitative: question-
naire survey (profession-
al satisfaction)

• Qualitative: paper-based
prototyping, formative
evaluation by interaction
with testers, web forum
(including mail queries),
regional leads, face-to-
face meetings, and re-
gional measurement
workshops

HCWs (eg,
nurses and
junior physi-
cians)

HAI: to reduce 4 high
volume harms (safety
outcomes), pressure
ulcers, falls, urinary
tract infection in pa-
tients with catheters,
and venous throm-
boembolism

To set up a low-cost pragmat-
ic system to provide monthly
data on 4 harms across care
settings and produce measures
that could be used locally for
improvement but also aggre-
gated to determine the burden
of harm nationally

International
Journal for
Quality in
Health Care

Power, United
Kingdom [64]

aHH: hand hygiene.
bICP: infection control program.
cHAI: hospital-acquired infection.
dHCW: health care worker.
eDSP: diagnostic stewardship program.
fASP: antimicrobial stewardship program.
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gIC-CQI: Infection Control Continuous Quality Improvement.
hAMR: antimicrobial resistance.
iCeHRes: Center for eHealth Research.
jAF: audit and feedback.

Study Aims
Of the 12 studies, 4 (33%) primarily focused on development,
4 (33%) on implementation, and 4 (33%) described both
development and implementation. However, development and
implementation appeared to be undefined concepts, with
implementation studies describing the development and design
constructs and development studies paying attention to
implementation constructs. Studies aimed at describing APM-AF
system development focusing on (1) the integration of TMFs
(eg, Feedback Intervention Theory), (2) AF content and
presentation (eg, feedback gamification), or (3) technical aspects
(eg, suitable badges for hand hygiene [HH] monitoring). In
addition, studies focused on implementation barriers and
facilitators.

Study Targets and Target Groups
Of the 12 studies, 11 (92%) focused on one of the APM (ie,
diagnostic stewardship programs, antimicrobial stewardship
programs, or infection control programs), whereas 1 (8%)
targeted multiple APM. The target groups comprised a variety
of HCWs (both frontline staff and AMR experts; 8/12, 67%)
and in some studies, administrators and managers (4/12, 33%)
as well.

Study Design and Methods
Most studies (10/12, 83%) used multiple methods,
complementing quantitative (eg, questionnaires) with qualitative
data (eg, observations, interviews, and focus groups).
Approximately 17% (2/12) of the studies were fully qualitative,
relying on interviews and focus groups.

TMFs for APM-AF Development and Implementation
(Research Question 2)

Theoretical Underpinning Described by Studies
Most studies (9/12, 75%) described the theoretical underpinnings
of their APM-AF system or study approach (Table 1).
Approximately 17% (2/12) of the studies explicitly mentioned
the use of Feedback Intervention Theory and the Model of
Actionable Feedback to guide choices in the development and
implementation of their study aims [55,63], whereas others
mentioned TMFs in their Introduction or Methods section. AF
TMFs (3/12, 25%; eg, Model of Actionable Feedback)
[53,55,63] were used, as were TMFs, for developing,
implementing, and evaluating interventions or technologies
(5/12, 42%; eg, Center for eHealth Research road map)
[58-60,62,64] and for identifying implementation
barriers/facilitators (1/12, 8%; eg, Theoretical Domains
Framework) [52]. Substantiations of choices on APM-AF
systems were scarce; few studies substantiated their choices,
which were either theory informed (eg, providing group-level
feedback) or based on findings from the studies themselves (ie,
revisions based on formative evaluation).

Conceptual Framework for APM-AF Development and
Implementation
The conceptual framework, which is based on often-used TMFs
and best practices for AF and eHealth interventions, is shown
in Table 2 (APM-AF system constructs) and Table 3
(development and implementation constructs) and in Multimedia
Appendix 2 in more detail.
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Table 2. Conceptual framework: APM-AFa system constructs (N=12)b.

Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Audit

10 (83)✓✓Auditeesf

9 (75)✓Main inputb

Feedback

8 (67)✓✓✓Feedback recipientsf

8 (67)✓✓✓Main outputf

Level of individualization and specificity

11 (92)✓✓✓✓Feedback provided to individual, groups, or

bothf

10 (83)✓✓✓✓Feedback is about the individual or team’s own

behaviorsb

8 (67)✓✓✓✓Feedback level specificityf

Comparison, goal setting, and action planning

8 (67)✓✓✓✓✓Comparisonf

5 (42)✓✓✓✓✓Goal settingg

4 (33)✓✓✓✓✓✓Action planningg

Feedback framing and incentives

6 (50)✓✓Punitivenessb

4 (33)✓✓Attack on self-identityf

4 (33)✓✓Intrinsic and extrinsic reinforcement or incen-

tivesf

Timing

8 (67)✓✓✓✓Delivery timingf

11 (92)✓✓✓✓✓✓✓Timeliness (frequency and continuous cycle)f

3 (25)✓✓Remindersf

APM-AF system

Technology and materials

11 (92)✓✓✓Key features of the technologyf

12 (100)✓Accessb

8 (67)✓✓✓Materialsb

Human–system interaction

9 (75)✓✓✓✓✓✓Modes of feedback deliveryf

9 (75)✓✓Level of human involvementf

6 (50)✓Engagementb

Design

9 (75)✓✓✓✓✓Visual presentation strategies and cognitive

loadg

4 (33)✓✓✓✓✓✓✓✓User-guided experienceg
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Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Data validity, d trust and credibility

9 (75)✓✓Data validityb

11 (92)✓✓✓Trust and credibilityf

APM-AF as learning strategy

Learning opportunities

5 (42)✓✓✓Reflective learningf

7 (58)✓✓Learning climatef

12 (100)✓✓✓Additional strategies or proceduresb

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bUnique constructs (ie, where the various perspectives complement each other).
cApproximately 72% of constructs theoretically underpinned by literature on audit and feedback.
dApproximately 66% of constructs theoretically underpinned by literature on eHealth and interventions.
eApproximately 41% of constructs theoretically underpinned by literature on implementation.
fOverlapping constructs (constructs represented in 2 perspectives).
gOverlapping constructs (constructs represented in all perspectives).
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Table 3. Conceptual framework: APM-AFa development and implementation constructs (N=12)b.

Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

Stakeholders and roles

5 (42)✓Developer or research teamb

11 (92)✓✓✓Pilot testers and involvement in development and

implementation processf

6 (50)✓✓Leadership engagementb

3 (25)✓Opinion leadersb

2 (17)✓Formally appointed internal implementation lead-

ersb

3 (25)✓Championsb

Target behavior and added value

Target behavior, problem, and intervention

12 (100)✓Nature of the problemb

12 (100)✓✓Description of underlying behavior and deci-

sion processesb

8 (67)✓Relevant sociocultural factors and comorbidi-

tiesg

4 (33)✓✓Perceived need for behavior changeg

6 (50)✓✓✓Targeted behavior is likely to be amenable to

feedbackb

3 (25)✓✓✓Self-efficacyg

10 (83)✓✓✓Justify need for behavior changeg

Rationale and added value

12 (100)✓✓✓Rationale for using APM-AFg

10 (83)✓✓✓Desirability, efficacy, safety, and cost effective-

nessg

10 (83)✓Relative advantageb

Embedding in practice

Implementation complexity and compatibility with target behavior and work processes

8 (67)✓✓Complexity of implementation processb

8 (67)✓Technology supply modelb

11 (92)✓✓✓Compatibilityg

11 (92)✓✓✓Remove barriersg

3 (25)✓✓✓Opportunity costs (including additional efforts

to use technology) g

6 (50)✓✓Available resourcesb

Inner and outer setting

1 (8)✓✓Structural characteristicsb

2 (17)✓✓Networks and communicationsb

3 (25)✓Cultureb
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Studies, n (%)ImplementationeeHealth and interventionsdAudit and feedbackcConstructs and subconstructs

[50][49][2][43][48][4][5][3][18]

1 (8)✓Patient needs and resourcesb

Implementation

6 (50)✓✓Planningb

5 (42)✓✓Executingb

Formative evaluation

1 (8)✓✓Intended useb

3 (25)✓Actual useb

12 (100)✓✓Development process and formative evaluationsg

4 (33)✓Harms or unintended effectsb

9 (75)✓Trialabilityb

6 (50)✓✓✓Revisions and updatingg

1 (8)✓Replicability and digital preservationb

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bUnique constructs (ie, where the various perspectives complement each other).
cApproximately 32% of constructs theoretically underpinned by literature on audit and feedback.
dApproximately 24% of constructs theoretically underpinned by literature on eHealth and interventions.
eApproximately 74% of constructs theoretically underpinned by literature on implementation.
fOverlapping constructs (constructs represented in all perspectives).
gOverlapping constructs (constructs represented in 2 perspectives).

The construction of the comprehensive overarching conceptual
framework revealed the added value of including multiple
perspectives, as 48% of constructs were complementary (ie,
covered by one of the 3 perspectives). Overlaps in the coverage
of constructs between AF, eHealth, and implementation indicate
the integrative nature of the development and implementation
of the APM-AF system. Overlapping constructs occurred more
often for APM-AF systems (4/29, 14%) than for APM-AF
development and implementation (2/35, 6%). In the former,
most constructs (21/29, 72% and 20/29, 69%, respectively)
came from AF and eHealth literature, whereas in the latter, most
constructs (28/35, 80%) came from the implementation

literature. Constructs underpinned by all 3 perspectives were
not necessarily described by more studies (eg, goal setting; 5/12,
42%).

APM-AF System Constructs (Research Question 3)

Overview
Table 4 shows APM-AF system constructs (more details in
Multimedia Appendix 3 [52-55,57-64]). Constructs could be
categorized into four main codes—(1) audit, (2) feedback, (3)
APM-AF system, and (4) APM-AF as a learning strategy—and
are elaborated upon below. Table 4 also shows to what degree
and by which studies these constructs were described.
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Table 4. Constructs of APM-AFa systems (N=12).

ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described or
substantiated

Partially described or con-
structed without elabora-
tion or substantiation

Described elaborately
and often substantiated

Audit

[52-55,57,59,60,62-64]1 (8)1 (8)10 (83)Auditees

[52-55,57,60,62-64]0 (0)3 (25)9 (75)Main input

Feedback

[53-55,57,59,60,62-64]1 (8)3 (25)8 (67)Feedback recipients

[53-55,57-60,62,63]1 (8)3 (25)8 (67)Main output

Level of individualization and specificity

[52-55,57,59-64]0 (0)1 (8)11 (92)Feedback provided to individual,
groups, or both

[52-55,59-64]0 (0)2 (17)10 (83)Feedback about the individual or
team’s own behaviors

[55,59,61,62,64]3 (25)1 (8)8 (67)Specificity

Comparison, goal setting and action planning

[52,53,55,57,59,60,63,64]4 (33)0 (0)8 (67)Comparison

[52-54,59]6 (50)1 (8)5 (42)Goal setting

[55,58,59,61,62]5 (42)3 (25)4 (33)Action planning

Framing and incentives

[53,55,59-61,63]6 (50)0 (0)6 (50)Punitiveness

[53,58,61,63]8 (67)0 (0)4 (33)Attack on self-identity and cognitive
influences

[52,55,60,61]8 (67)0 (0)4 (33)Intrinsic and extrinsic reinforcement
or incentives

Timing

[52,54,60,61,64]4 (33)0 (0)8 (67)Delivery timing

[52-55,57-60,62,63]0 (0)1 (8)11 (92)Timeliness

[52,53,59]9 (75)0 (0)3 (25)Reminders

APM-AF system

Technology and materials

[52-55,57-60,62-64]0 (0)1 (8)11 (92)Materials

[52-55,57-64]0 (0)0 (0)12 (100)Key features of the technology

[53-55,59,60,62-64]4 (33)0 (0)8 (67)Access

Human–system interaction

[52,53,55,59-64]1 (8)2 (17)9 (75)Modes of feedback delivery

[53,55,57-59,61-64]0 (0)3 (25)9 (75)Level of human involvement

[55,59,60,62-64]6 (50)0 (0)6 (50)Engagement

Design

[52-55,59,60,62-64]2 (17)1 (8)9 (75)Presentation strategies and cognitive
load

[55,59,60,64]5 (42)3 (25)4 (33)User-guided experience

Validity and credibility

[52-55,57,58,60,61,64]2 (17)1 (8)9 (75)Data validity
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ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described or
substantiated

Partially described or con-
structed without elabora-
tion or substantiation

Described elaborately
and often substantiated

[52,53,55,57-64]1 (8)0 (0)11 (92)Trust and credibility

APM-AF as a learning strategy

Learning opportunities

[55,59-61]7 (58)0 (0)5 (42)Reflective learning

[55,58,59,61,62,64]5 (42)0 (0)7 (58)Learning climate

[52-55,57-64]0 (0)0 (0)12 (100)Additional strategies or procedures

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.

Audit

Auditees

The ones audited, or auditees, were described by most studies
(10/12, 83%) and comprised frontline HCWs
[52-55,57,59,60,62-64].

Main Input

Approximately 42% (5/12) APM-AF systems relied on
automatically collected input (eg, electronic HH monitoring
system) [52-54,60,63], whereas 33% (4/12) systems relied on
manual input (eg, audit survey tool) [55,57,62,64].

Feedback

Feedback Recipients

Feedback recipients were described by most studies (8/12, 67%)
and comprised auditees (ie, frontline HCWs) [55,60,62] and
managers or administrators [53,54,59,63,64].

Main Output

Approximately 67% (8/12) of the studies described APM-AF
output in terms of specific content (eg, process, structure, and
outcome indicators) [53,54,58,60,62] or provided a general
description of output (eg, quality of antibiotic treatment)
[55,59,63].

Level of Individualization and Specificity

The level of feedback individualization was described by most
studies (11/12, 92%). Feedback was provided on individual
[55,61] or group level [53,62-64] or on both (ie, option to
choose) [52,54,57,59,60]. Approximately 8% (2/12) of the
studies explicitly justified their choice to provide group-level
feedback only as individual feedback could be perceived as too
threatening [53,63]. Feedback was provided to the auditees only
[55,60-62], to the auditees and managers or administrators
[52,54,59,63,64], or to managers or administrators only [53].
Feedback specificity was described by most studies (8/12, 67%).
Feedback was provided on individual patient cases (mostly
diagnostic and antimicrobial stewardship studies) [55,61], on
aggregated group level (mostly infection control studies)
[53,54,60], or on both individual and aggregated levels
[59,62,64].

Comparison, Goal Setting, and Action Planning

Approximately 67% (8/12) of the studies described data
comparison, either in terms of trends over time or benchmarks
between groups and with other hospitals [52,57,59,60,63].
Approximately 33% (4/12) of the studies briefly mentioned
goal setting and action planning. Goals were either derived from
literature [52], based on current data [53,54], or described in
terms of an HCW’s need to discuss goals [59] but were not
substantiated. Approximately 42% (5/12) of the studies
mentioned action planning after feedback, but mostly in general
terms (eg, feedback as a tool from which participants could
make an actionable plan) [55,61,62], or as a separate follow-up
strategy besides the APM-AF system, requiring additional
information and human involvement [58,59,61,62].

Feedback Framing and Incentives

Some studies mentioned feedback framing in terms of
punitiveness (6/12, 50%) or an attack on self-identity (3/12,
25%); however, few specified whether and how these constructs
were incorporated in AF system design [53,55,58-61,63].
Approximately 8% (2/12) of the studies incorporated these
constructs in their decision to focus only on group-level
feedback [53,63], whereas 17% (2/12) studies emphasized
nonconfrontational and informal language [60,61]. Intrinsic and
extrinsic reinforcement and incentives were addressed in general
terms [52,55,61] and more specifically by 8% (1/12) of the
studies (eg, competition, win state, and rewards), including how
these were implemented in the system (eg, presenting the highest
score with a distinct color) [60].

Timing

Approximately 42% (5/12) of APM-AF systems made use of
feedback at the point of care. This was provided via visual and
auditory signals (for HH monitoring) [52,54] or a real-time
performance dashboard [54,60,64]. Retrospective feedback was
provided in 10 systems, with variable frequencies (daily,
monthly, half yearly, and yearly) [52-55,57-60,62,63],
sometimes with the possibility of continuously accessing the
performance dashboard when needed [53,59,60]. Reminders
were mentioned in 25% (3/12) of the studies [52,53,59].
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APM-AF System

Technology and Materials

All studies described their (envisioned future) technologies,
which ranged from audit tools (eg, Microsoft Excel or
SurveyMonkey [Momentive Inc]) [57,58,61,62,64] to electronic
monitoring systems (for HH) [52-54,60], interactive Microsoft
PowerPoint presentations [55,63], and prototypes [59]. Access
to the APM-AF systems was realized in interactive dashboards
or Microsoft PowerPoint presentations with the possibility of
sending customized reports via email [54,59,60,64], whereas,
in 33% (4/12) of the studies, feedback recipients relied on
managers or the research team (via email or face-to-face) for
access to the APM-AF system [53,55,62,63].

Human–System Interaction

Approximately 17% (2/12) of the studies solely provided
feedback via the APM-AF system [60,64], whereas 58% (7/12)
of the studies also provided face-to-face feedback
[52,53,55,59,61-63]. In addition, studies described the need for
additional human involvement, for example, for (educational)
meetings with AMR experts [53,57,59,62,63], and support in
data processing [55,58,59,61,64]. Half of the studies described
how they would engage the user with the APM-AF system via
interactive feedback presentations [55,64], gamification [60],
or with additional strategies (eg, creating an AF task force)
[59,62,63].

Design

Design details about included graphs were described by 33%
(4/12) of the studies [53,55,60,64], whereas 42% (5/12) of the
studies broadly described the APM-AF system design
[52,54,59,62,63]. One of the studies used a theory-informed
design to ensure that their design matched task and user
characteristics [55]. Approximately 33% (4/12) of the studies
described an interactive and customizable AF system, wherein
personalization was used to customize feedback to match end
users’ needs [55,59,60,64]. However, neither was this further

specified (eg, which parts are customizable) nor did it focus on
user-guided experience (ie, how usability is ensured).

Validity and Credibility

Data validity was addressed in terms of raised concerns by study
participants [52-54,61], (planned) data validation activities
[55,57,58,64], or technical constructs [60]. The trust in and
credibility of the APM-AF system was addressed by describing
study participants’ perceptions [52,53,58-62] or (planned)
activities to improve the trust in and credibility of the system
[55,57,63,64].

APM-AF as a Learning Strategy

Learning Opportunities

Approximately 33% (4/12) of the studies described reflective
learning (ie, personal reflections on one’s behavior and APM
performance) as a result and strength of APM-AF systems
[55,59-61]. Furthermore, APM-AF systems (6/12, 50%) were
described as a (potential) facilitator for interactive discussions
and communication between HCWs and AMR experts, mostly
in existing meetings [55,58,59,61,62,64].

Additional Strategies or Procedures

All studies described additional strategies, both for the study
(eg, webinar to explain how to use the tool) and for the APM-AF
system in practice (eg, creating an AF task force) [52-55,57-64].

APM-AF Development and Implementation Constructs
(Research Question 4)

Overview
Table 5 shows the APM-AF development and implementation
constructs (Multimedia Appendix 4 [52-55,57-64] provides
more details). Constructs could be categorized into four main
codes—(1) stakeholders and roles, (2) target behavior and added
value, (3) embedding in practice and (4) formative
evaluation—and are elaborated upon below. Table 5 also shows
to what degree and by which studies these constructs were
described.

J Med Internet Res 2022 | vol. 24 | iss. 3 | e33531 | p. 14https://www.jmir.org/2022/3/e33531
(page number not for citation purposes)

Keizer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. APM-AFa development and implementation constructs.

ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described
or substantiated

Partially described or con-
structed without elaboration
or substantiation

Described elaborately
and often substantiated

Stakeholders and roles

Stakeholders

[53,55,57,59,61]3 (25)4 (33)5 (42)Developer or research team

[52-55,57,59-64]1 (8)2 (17)11 (92)Pilot testers and involvement in develop-
ment and implementation process

[54,58,61-63]4 (33)2 (17)6 (50)Leadership engagement

[58,61,62]9 (75)0 (0)3 (25)Opinion leaders

[61,62]10 (83)0 (0)2 (17)Formally appointed internal implementa-
tion leaders

[52,61,62]8 (67)1 (8)3 (25)Champions

Target behavior and added value

Target behavior, problem, and intervention

[52,53,55,57-59,62,63]2 (17)2 (17)8 (67)Description of underlying behavior and
decision processes

[52-55,57-64]0 (0)0 (0)12 (100)Nature of the problem

[52-55,57-64]0 (0)0 (0)12 (100)Relevant sociocultural factors and comor-
bidities

[52,53,55,60]7 (58)1 (8)4 (33)Tension for behavior change

[52,53,55,60-62]6 (50)0 (0)6 (50)Targeted behavior is likely to be
amenable to feedback

[52,53,57]9 (75)0 (0)3 (25)Self-efficacy

[52-55,58-62,64]2 (17)0 (0)10 (83)Justify need for behavior change

Rationale and added value

[52-55,57-64]0 (0)0 (0)12 (100)Rationale for using AFb

[52,53,55,57-62,64]2 (17)0 (0)10 (83)Desirability, efficacy, safety, and cost-
effectiveness

[52,53,55,57-62,64]2 (17)0 (0)10 (83)Relative advantage

Embedding in practice

Implementation complexity and compatibility with target behavior and work processes

[54,58-64]3 (25)1 (8)8 (67)Complexity of implementation process

[53,54,58,60-64]4 (33)0 (0)8 (67)Technology supply model

[52,54,55,57-64]0 (0)1 (8)11 (92)Compatibility

[52,54,55,57-64]1 (8)0 (0)11 (92)Remove barriers

[58,60,62]8 (67)1 (8)3 (25)Opportunity costs (including additional
efforts to use technology)

[52,57,58,61-63]4 (33)2 (17)6 (50)Available resources

Inner and outer setting

[62]11 (92)0 (0)1 (8)Structural characteristics

[61,62]10 (83)0 (0)2 (17)Networks and communications

[59,61,63]6 (50)3 (25)3 (25)Culture

[54]10 (83)1 (8)1 (8)Patient needs and resources

Implementation
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ReferencesDescribed by studies, n (%)Constructs and subconstructs

Not described
or substantiated

Partially described or con-
structed without elaboration
or substantiation

Described elaborately
and often substantiated

[54,58-60,62,64]6 (50)0 (0)6 (50)Planning

[54,58,60,62,64]7 (58)0 (0)5 (42)Execution

Formative evaluation

APM-AF system use

[64]10 (83)1 (8)1 (8)Intended use

[58,60,64]7 (58)2 (17)3 (25)Actual use

[52-55,57-60,62-64]0 (0)1 (8)11 (92)Development process and formative evalua-
tions

[54,61,63,64]8 (67)0 (0)4 (33)Harms or unintended effects

[52-55,57,59,60,62,64]2 (17)1 (8)9 (75)Trialability

[52-54,57,60,64]5 (42)1 (8)6 (50)Revisions and updating

[64]10 (83)1 (8)1 (8)Replicability and digital preservation

aAPM-AF: audit and feedback for antimicrobial resistance prevention measures.
bAF: audit and feedback.

Stakeholders and Roles

Research Team

Approximately 42% (5/12) of the studies described their
research team, comprising multidisciplinary stakeholders (eg,
HCWs, AMR experts, biostatisticians, and researchers)
[53,55,57,59,61]. The research team compositions were
substantiated (eg, having a multidisciplinary mix in the team
[53,55,57,59,61] and experience with specific research methods
[53,55,61]).

Pilot Testers and Involvement in Development and
Implementation Process

Pilot testers were described by 92% (11/12) of the studies
[52-55,57,59-64] and were predominantly selected for their
occupational function [52,55,57,59,60,62-64], whereas other
details about stakeholders’ expertise and background were
hardly described [52,53,57]. Stakeholder involvement was
realized by including stakeholders (eg, HCWs and AMR experts)
in the research team [62,63] and by involving them in pilot tests
and formative evaluations [57,59,60,62-64]. Leadership
engagement was mentioned by half of the studies as facilitator
for successful implementation [54,58,61-63], whereas
stakeholder engagement through champions or opinion leaders
was mentioned less often (4/12, 33%) [52,58,61,62].

Target Behavior and Added Value

Target Behavior, Problem, and Intervention

The nature of the problem and relevant sociocultural factors
were addressed by all studies [52-55,57-64]. Most studies (8/12,
67%) provided a description of underlying behavior and decision
processes, either shortly in the article’s introduction [53,57] or
in a prior study [52,55,58,59,62,63]. Some studies paid attention
to whether there was tension for behavior change [52,53,55,60],
whether the targeted behavior is likely to be amenable to

feedback [52,53,55,60-62], and self-efficacy of feedback
recipients’ (ie, feeling capable and responsible for behavior
improvement) [52,53,57]. The need for behavior change was
justified by pointing out flaws in current behaviors
[52-55,58-62,64].

Rationale and Added Value

All studies described the rationale and added value of the
APM-AF [52-55,57-64]. Approximately 58% (7/12) of the
studies described recommendations from health authorities (eg,
World Health Organization) or AF as a widely used intervention
in health care in general as reasons for developing and
implementing an APM-AF system [53-55,57,59,61,63]. Other
studies (5/12, 42%) explained how APM-AF could solve
problems and inefficiencies in the current situation
[52,58,60,62,64]. The added value was described both in terms
of expectations (eg, improving the efficiency of audits) and
experiences (eg, feedback motivated to change behavior)
[52,53,55,57-62,64].

Embedding in Practice

Implementation Complexity and Compatibility With Target
Behavior and Work Processes

Most studies (8/12, 67%) described constructs related to
implementation complexity, including required organizational
configurations and dependability on suppliers for customizations
in terms of expected or experienced implementation barriers
[53,54,58-64]. One of the studies specifically reflected on the
duration and effort of the entire implementation process [58].
Approximately all studies (11/12, 92%) described constructs
regarding the compatibility between the APM-AF system and
stakeholders’ needs and existing workflows and expected or
experienced implementation facilitators and barriers
[52,54,55,57-64]. Opportunity costs were described by a few
studies (3/12, 25%) [58,60,62], including negative experiences
with the required additional efforts to use the APM-AF
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(including education and collecting data) [60,62]. A lack of
resources was described in terms of staffing, time, and materials
[57,58,61-63].

Inner and Outer Setting

Few studies (4/12, 33%) paid attention to the inner setting,
expressing the need for a collaborative environment and open
culture, in which the quality of their work can be discussed
safely [59,61,63]. One of the studies described increased patient
involvement as a result of visible APM-AF systems [54].

Implementation Planning and Execution

Approximately 50% (6/12) of the studies addressed
implementation planning, of which 83% (5/6) also reflected on
execution [54,58-60,62,64]. Studies mostly reported longer
implementation processes than initially planned because of
hospital workflow conflicts, personnel availability, and other
confounding factors (including technical problems and resistance
from stakeholders).

Formative Evaluation

APM-AF System Use

Intended and actual use of the APM-AF system was hardly
(3/12, 25%) described, either as the maximum time HCWs
should spend on filling out the audit tool [64] or as how often
and complete the audit tool was filled in [58]. In addition, one
of the studies used Google Analytics to measure users’
interactions with gamification parts [60].

Development Process and Formative Evaluations

The development process and methods used for the formative
evaluations were described in all studies [52-55,57-64] and
elaborated in this paper’s Study Characteristics section.

Harms or Unintended Effects

Approximately 33% (4/12) of the studies described whether
and how harms and unintended effects were monitored during
the development and implementation process (in general terms
or with specific examples) [54,61,63,64].

Trialability and Revisions and Updating

Approximately 75% (9/12) of the studies described trialability
and revisions and updates in terms of several testing rounds
[52-55,57,59,60,62,64]. However, only 50% (6/12) of the studies
subsequently described, either specifically [57,60,64] or broadly
[52-54], how the findings from the testing rounds were
incorporated in the design or implementation of the APM-AF
system (eg, use of better beacons).

Replicability and Digital Preservation

One of the studies published their APM-AF system on the web
with additional information (eg, web forum) [64].

Discussion

Principal Findings
This scoping review aimed to provide insights into strategies
and theoretical underpinnings for AF system development and
implementation from a sociotechnical perspective. Of the 2125
studies found in the search, 12 (0.56%) studies were included

describing the development and implementation of their AF
systems heterogeneously in terms of study aims, AF targets,
and development and implementation strategies. Approximately
17% (2/12) of the studies explicitly aimed to illustrate how
TMFs could guide choices in AF system development and
implementation. A comprehensive interdisciplinary conceptual
framework, based on overlapping and complementary constructs
from TMFs from AF, eHealth and interventions, and
implementation literature, was created to compare the studies.

Lessons Learned for the Development and
Implementation of APM-AF Systems (Research
Question 5)
In this discussion, research question 5 is answered by providing
lessons learned from reflecting upon our findings for theoretical
underpinnings of and reporting on AF, AF systems, and their
development and implementation.

Theoretical Underpinnings for AF
With health- and health care–related problems becoming
increasingly complex, interdisciplinary theoretical integration
to combine different perspectives is inevitable and pivotal to
grasp the complexity of real-world problems [65]. This study
showed the added value of considering and combining AF,
eHealth, and implementation literature for studying AF systems.
AF literature covered mostly AF system constructs (21/29,
72%), whereas relevant development and implementation
constructs were hardly covered (12/35, 34%). Therefore, studies
using only AF literature might miss important development and
implementation constructs, such as stakeholder roles (eg,
leadership engagement and champions) and embedding in
practice (eg, implementation complexity and setting), that
influence AF effectivity and efficiency [66,67]. Therefore, we
argue that TMFs for AF and for development and
implementation should be balanced, as exemplified in our
interdisciplinary conceptual framework, and matched with
studies’ specific research objectives, methods, and context (eg,
setting and participants) [68].

However, selecting and combining the best-fitting TMFs
remains a challenge [69]. Well-known examples of combined
frameworks exist in implementation science (eg, Theoretical
Domains Framework [70]); however, little information is
provided about how constructs were combined. Overall, there
is little guidance on the selection and integration of
interdisciplinary TMFs [71]. Evolving initiatives that create
shared languages across disciplines and theories (eg,
CohenMiller and Pate [72]) and provide criteria for theory
selection (eg, Birken et al [73]) are encouraged.

Reporting on AF Systems
This scoping review resulted in an overview of constructs for
APM-AF systems (Table 4), enriching the AF best practices
from Colquhoun et al [18] with constructs of audit (eg, auditees
and audit input), feedback framing and incentives, and AF
system constructs (eg, technology and materials, human–system
interaction, and data validity and trust and credibility). For
replicability and using the framework in actual development
and implementation, reporting about the audit input and what
technology and materials were used is important. Furthermore,
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data validity and credibility was deemed as one of the 5 most
important aspects for AF in a recent study [42].

In our view, the 2 constructs that were underreported in the
included studies require attention in future studies. First, we
observed quite broad descriptions of AF system design, with a
lack of attention to functional (ie, what can the AF system do)
and visual (ie, how efficiently and effectively information is
presented to users) design, and engagement with the AF system.
However, these constructs are important for how an AF system
is received and used in practice [74]. The lack of design aspects
and considerations of engagement might reflect the neglect of
eHealth system characteristics (such as design) and engagement
as active influencers for eHealth effectivity [75]. Second,
comparison, goal setting, and action planning were hardly
described in the included studies. A lack of substantiations for
comparisons was also reported by a review on clinical
performance comparators for AF on various clinical topics [76],
whereas the underuse of goal setting and action planning was
also found by a systematic review on behavior change
interventions for APM in hospitals [28]. These 3 constructs
were derived from all included theoretical perspectives and are
common behavior change techniques [77], suggesting that they
require and deserve more attention in future studies.

Reporting on Development and Implementation of AF
Systems
Of the full-text studies assessed for eligibility, most studies
(30/58, 52%) were excluded as they focused primarily on
effectiveness and did not sufficiently report on development
and implementation. The inclusion of 12 studies in full-text
might seem little; however, we believe this is exemplary of the
tendency in (APM and eHealth) research to publish more about
effectiveness than about the development and implementation
process [3,11,12]. Therefore, in future AF system studies, but
also for other eHealth technologies, considering development
and implementation as influencers of the effectivity and
efficiency of eHealth in practice has yet to gain ground [13].
During the construction of the conceptual framework, the
interwovenness of development, implementation, and formative
evaluation became apparent through the many overlaps
observed. This resonates with best practices in eHealth
development and implementation, which state that
implementation is integrated with development and requires an
iterative and holistic approach [78]. Therefore, next to reporting
on evaluation, studies should report on both the constructs for
AF systems and for development and implementation.

There is no single right development and implementation
approach because of the many variations in APM and AF
objectives, stakeholders, technologies, and settings [79].
Therefore, the constructed conceptual framework should be
seen as a checklist that provides general guidance for potentially
interesting constructs to consider; it remains at the discretion
of researchers and developers which and how constructs are
incorporated in their study. At a minimum, we propose to reflect
upon relevant stakeholders and their roles, implementation
complexity, compatibility with target behavior, and work
processes, including the added value of AF and formative
evaluation. Overall, supporting researchers and HCWs in

selecting and integrating TMFs into their development and
implementation process and promoting the explicit reporting
of the theoretical underpinning and substantiation of choices
are highly encouraged [41].

The constructed conceptual framework can be used in future
studies to ensure a comprehensive view of AF for the
transparency and replicability of individual studies. Therefore,
we recommend using the conceptual framework as a checklist
and adding it (including substantiation of choices) as a
supplementary material in future publications. Furthermore,
findings from this study can be used to improve the
professionalization and harmonization of AF studies, which is
important considering the increasing use of AF principles in
learning health care systems [80]. The lack of attention to factors
that support the development of learning health care systems
(eg, organizational culture and cooperation between HCWs and
researchers) is recognized as an important barrier to the
widespread adoption of learning health care systems [81]. As
these aspects are included in the constructed conceptual
framework, it might help future researchers and developers to
explicitly consider and integrate these constructs in their AF or
learning system.

Limitations and Strengths
This scoping review has several limitations. Although a
comprehensive search query was used to search the most
important databases for health research, we only included
peer-reviewed published research and excluded evaluation
studies. As a result, it might be possible that relevant findings
were omitted (eg, from gray literature). Two systematic reviews
on AF for various health targets were screened to ensure that
no relevant publications were missed [1,2]. Another limitation
is that evaluation studies were excluded from this review to
highlight constructs relevant to the development and
implementation, whereas evaluation is critical to know whether
an intervention was successful. Therefore, it will be an important
next step to evaluate AF systems in terms of processes (eg,
improved HH), clinical outcomes (eg, reduced number of
infections and decreased AMR), and technological outcomes
(eg, APM-AF system use and persuasiveness) [82]. Finally,
data extraction relied on the subjective interpretation of the
constructs from the included publications by 1 researcher.
However, the conceptual framework (Table 2 and Table 3)
provided a thorough base for systematic and structured
assessment, and the findings were iteratively discussed and
revised throughout the review process.

Conclusions
This scoping review provides novel insights into the theoretical
underpinning of and reporting on the development and
implementation of AF systems while demonstrating how a
comprehensive conceptual framework can be created and used
and a valuable means for capturing relevant constructs from
heterogeneous studies with varying theoretical underpinnings.
Few studies have explicitly described how choices for AF
systems and their development and implementation processes
were substantiated by TMFs. The interdisciplinary conceptual
framework developed in this study is a first step toward the
professionalization and harmonization of AF development and
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implementation with a sociotechnical approach. It provides
guidance and a comprehensive checklist to guide researchers,
HCWs, and policy makers in making informed choices in the

development and implementation of AF systems, with the aim
of further improving the quality and safety of health care.
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