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Abstract 

Background Digital interventions in health services often fail due to an underappreciation of the complexity 
of the implementation. This study develops an approach to address complexity through an evidenced‑based, theory‑
driven education and implementation program for an Electronic Medical Record (EMR) digital enhancement for acute 
stroke care.

Methods An action research approach was used to design, develop, and execute the education and implementation 
program over several phases, with iterative changes over time. The study involved collaboration with multiple state‑
wide and local key stakeholders and was conducted across two tertiary teaching hospitals and a regional hospital 
in Australia.

Results Insights were gained over five phases. Phase 1 involved a review of evidence that supported blended learn‑
ing strategies for the education and training of staff end‑users. In Phase 2, contextual assessment was conducted 
via observation of study sites, providing awareness of local context variability and insight into key implementation 
considerations. The Non‑adoption, Abandonment, Scale‑Up, Spread and Sustainability (NASSS) framework assisted 
in Phase 3 to identify and manage the key domains of complexity. Phase 4 involved the design of the program which 
included group‑based training and an e‑learning package, endorsed and evaluated by key leaders. Throughout 
implementation in Phase 5, further barriers were identified, and iterative changes were tailored to each context.

Conclusions The NASSS framework, combined with a multi‑phased approach employing blended learning tech‑
niques, context evaluations, and iterative modifications, can serve as a model for generating theory‑driven and evi‑
dence‑based education strategies that adresss the complexity of the implementation process and context.
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Background
Healthcare organizations such as hospitals are amongst 
the most complex environments for intervention imple-
mentation [1]. Implementation of digital interventions is 
especially challenging and failures are frequent [2]. Many 
elements can impact the success or failure of digital 
interventions, including context specific factors, health-
care provider attitudes, skills and behaviors, technical 
capabilities, and policy frameworks [3–7].

Assessing context during the implementation of 
healthcare interventions is critical [8–10]; however, con-
text is still poorly understood and defined in implemen-
tation research [11, 12]. Context can refer to the physical 
environment in which practice takes place such as the 
setting or geographical characteristics [13, 14], or more 
dynamic, social and organizational factors such as indi-
vidual perceptions, organizational culture, leadership or 
political influences [11, 15]. Researchers have called for 
greater clarity in defining context to assist in its appro-
priate assessment, acknowledging context is not just “a 
backdrop for implementation” [9] but rather interacts 
with, and is influenced by the intervention [8, 10, 16]. 
Particularly overlooked are the evaluation and consid-
eration of team contextual elements. When conducting 
interventions in team settings, Rogers et al. [11] advises 
taking into account the contextual variables of the indi-
vidual, team, organization, and external environment 
[11].

As implementation in complex environments remains 
a challenge, complexity science provides a valuable lens 
through which to view the implementation process [17]. 
The complexity science approach recognises how indi-
viduals and systems are connected and interdependent, 
and how these relationships lead to changing behaviors 
[16]. The hospital setting can be described as a Complex 
Adaptive System (CAS) in which multiple people, pro-
cesses and practices converge [9]. A CAS can be defined 
as a “dynamic, self-similar collectivity of interacting, 
adaptive agents and their artefacts” [16]. That is, a CAS 
has the capability to “self-organize, accommodate to 
behaviors and events, learn from experience, and dynam-
ically evolve” [16, 18], but not necessarily in ways we can 
forecast with confidence. Acknowledging complexity 
within implementation will allow more agile and non-lin-
ear approaches to enhance adoption and uptake of digital 
health interventions.

Education and training play a crucial role in the imple-
mentation of digital interventions in hospitals by equip-
ping healthcare professionals with knowledge and skills, 
enabling them to adapt to change, and enhancing the 
uptake of new technologies [19–22]. The importance 
of education and training in implementation efforts is 
emphasised by numerous implementation frameworks. 

For instance, the Consolidated Framework for Implemen-
tation Research (CFIR) identifies ‘access to knowledge 
and information’ as a key construct within the implemen-
tation or delivery of an intervention [23]. The Technology 
Acceptance Model (TAM) [24] also recognizes that train-
ing and education can influence the perceived ease of use 
and usefulness of technology [25], thus affecting its suc-
cessful implementation. Despite acknowledging educa-
tion as a key component of the implementation process, 
few studies provide pragmatic approaches to developing 
such education programs for implementation [26, 27]. 
Researchers have stressed that evidenced-based, theory-
driven approaches to underpin education programs are 
needed [4, 28–31], including their detailed descriptions, 
which are currently lacking [27, 32]. To advance imple-
mentation science and its approaches, clear reporting of 
the strategies behind the development of education and 
implementation programs is required [32].

This study responds to this need by using the Non-
Adoption, Abandonment, Scale-Up, Spread and Sus-
tainability (NASSS) framework [33] and the associated 
Complexity Assessment Toolkit (NASSS-CAT) [34] to 
identify complexity and contextual influences in imple-
mentation of an Electronic Medical Record (EMR) 
enhancement for stroke management. The results are 
used to tailor education and training, which includes 
addressing challenges within the domains identified as 
the most complex. The NASSS framework was designed 
for implementation of technology-based interventions 
and encompasses not only factors related to implemen-
tation but those that influence the adoption, abandon-
ment, and scalability of digital health technologies [33]. A 
multi-phased approach was used to combine the NASSS 
framework with evidence-based education and training 
strategies for implementation. The NASSS framework 
has not yet been used to guide the development of an 
education and implementation program in digital health.

Methods
Aim and objectives
This research aimed to develop an evidenced-based, the-
ory-driven education and implementation program to 
promote uptake of a complex EMR digital enhancement 
in the acute stroke clinical setting. The first objective 
was to review the existing best practices in EMR educa-
tion and training to identify and leverage proven meth-
ods and strategies. Understanding that each hospital site 
may have unique requirements and challenges, our sec-
ond objective was to identify contextual factors that may 
influence the education and implementation program. 
Lastly, we sought to determine the usefulness of employ-
ing the NASSS framework to prospectively develop the 
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education and implementation program and address 
complexity within implementation.

Study design
This research was conducted as part of a larger pre-post 
study to assess uptake, use and perceptions of an EMR 
digital enhancement in the acute stroke hospital setting 
in Australia. Ethical approvals were granted from the 
Metro South Human Research and Ethics Committee 
(HREC/2021/71834) and individual health services.

The education and implementation program was devel-
oped and adapted using an action research approach [35, 
36] via a number of phases to gather information from 
each participating hospital and iteratively re-define how 
the education and training was delivered. This approach 
aligns with the required need to account for contextual 
factors [10, 13, 15] and adaptations over time (Fig. 1).

The research team included academic experts involved 
in education delivery, implementation and change man-
agement, as well as clinical experts in the area of acute 
stroke care.

Setting
The study was conducted across three public hospital 
and health services in Queensland, Australia. Study sites 
were chosen based on their use of the statewide EMR and 
included both metropolitan and regional sites:

• Site 1: A teaching hospital with a 707-bed capacity
• Site 2: Large metropolitan teaching hospital with a 

906-bed capacity
• Site 3: Regional hospital with a 318-bed capacity

Implementation was targeted at hospital clinical staff 
(medical, nursing and allied health) working within acute 
stroke units at participating hospital sites.

The problem and the digital intervention
The EMR used across the three public hospitals is a 
Cerner product implemented in 2017 [37]. All health 
service staff received basic training on its functionality 
and use. Clinicians within stroke services had reported 
problems with the EMR due to inefficient documenta-
tion, information overload, and inability to automatically 
extract data for quality improvement [38]. There was a 
need to modify the EMR to provide more context spe-
cific functionality for stroke care which led to develop-
ment of the stroke EMR enhancement. Stroke clinicians 
(via a statewide stroke network) and the statewide IT 
team collaborated to develop a stroke EMR enhancement 
which was clinician-led in its design. The stroke EMR 
enhancement sought to offer: 1) better visualization of 
data, 2) standardized documentation and data collection, 
and 3) efficient data extraction and use. The enhance-
ment involved creating a single landing page (mPage) 
offering a consolidated view of a patient’s key clinical 
information, to enhance information visibility and inter-
professional collaboration. Other elements included 
standardized documentation templates (powerforms) 
and a data extraction tool for ease of extracting clinical 
indicator data for use within a national stroke quality reg-
istry (see Additional File 1). The enhancement involved 
numerous design, performance testing and validation 
phases prior to implementation. The intervention was 
developed for use in public hospitals across Queensland, 
Australia.

Phase 1: evidence
To determine the core components of education and 
training related to implementation of EMRs or EMR 
enhancements, PubMed and Scopus were searched for 
three key concepts: ‘Education and Training’, ‘Electronic 
Medical Records’ and ‘Staff/Clinicians’. The literature 
search was restricted to publications from the last 15 

Fig. 1 Approach to development of the education and implementation package
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years (i.e., from 2007) and employed a snowballing tech-
nique via reference list searching and Google Scholar 
searches. Key citations were used to search the Con-
nected Papers website to identify further publications. 
The focus of the literature evaluation was on EMR train-
ing for health professionals, while excluding EMR train-
ing evaluations designed specifically for students or in 
the undergraduate setting.

Phase 2: context
Researcher (SR) was directly involved in stroke clinical 
network meetings about the stroke EMR enhancement in 
order to understand its background, context, purpose and 
the design. Furthermore, four key members of the stroke 
team (medical, nursing, allied health) at the three partici-
pating hospital sites were ‘shadowed’ [39, 40] to observe 
staff interactions with the EMR and with each other, 
providing contextual insights of each acute stroke ward. 
Observational shadowing was focused on the individual 
adopter, team where the stroke EMR enhancement was 
implemented and the organization involved, including 
both the statewide organization and the multiple hospital 
sites adopting the stroke EMR enhancement [11]. Infor-
mation about existing education and training strategies, 
staff availability, team meetings, and staff champions was 
gathered through observational shadowing and direct 
engagement of each hospital site’s learning and develop-
ment team and ward-based clinical educators.

Phase 3: theory
To design optimal education and implementation strat-
egies, it is imperative to understand complexity and 
context. The NASSS theoretical framework addresses 
multiple levels of complexity, such as the health sys-
tem, organization, technology, and patient levels [33] 
and incorporates 7 key domains: 1) condition or ill-
ness, 2) technology, 3) value proposition, 4) adopter 
system, 5) organization, 6) wider system, and 7) process 
of embedding and adapting over time [33]. It suggests 
that a technology-supported intervention will be more 
readily adopted, spread and sustained if all domains are 
‘simple.’ In cases where multiple domains are ’compli-
cated’, sustaining implementation may prove challenging, 
costly, and time-consuming, although attainable. If sev-
eral domains are ‘complex’, this will present a challenge 
in achieving sustained and widespread adoption of the 
intervention [41].

The NASSS-CAT was used to identify barriers and 
understand complexity in the implementation of the 
stroke EMR enhancement (see Additional File 2) [34]. 
The evaluation of each complexity domain was con-
ducted by a single researcher (SR), who utilized knowl-
edge sources from statewide meetings regarding the 

intervention, written audits and reports concerning the 
technology, key stakeholder engagement and shadowing 
data. Following identification of the complex domains, 
the research team discussed education and implemen-
tation strategies based on the Effective Practice and 
Organization of Care (EPOC) taxonomy [42] to mitigate 
complexity.

Phase 4: design and evaluation
The research team co-produced an education and train-
ing program that incorporated theory, evidence, and con-
textual factors, and presented this to key stakeholders. 
Stakeholders were involved in the design and evaluation 
through informal feedback and a questionnaire, oriented 
towards identifying factors that may impact uptake at 
each study site. Key stakeholders were representative of 
both the broad context (both clinical, represented by the 
statewide stroke network and technical, represented by 
the statewide Information Technology (IT) support) and 
local context (via staff champions, nurse educators, Clini-
cal Nurse Consultants (CNCs) and digital health teams).

Members of the statewide stroke network provided 
feedback on the education package content via a 7-item 
questionnaire (5-point Likert scale, strongly disagree 
to strongly agree). Purposive sampling was used to 
select participants that were members of the network 
and had been involved in the design of the stroke EMR 
intervention.

The CNC from each study site was approached to act 
as a staff champion for the education, training and imple-
mentation of the stroke EMR enhancement. The CNC 
is an important ‘stroke coordinator’ role described as 
“facilitating the patient journey through the continuum 
of care, from the emergency department to discharge, 
including organizing outpatient follow-up appoint-
ments” [43]. CNC responsibilities include data collec-
tion, research, education, and service development and 
improvement [43]. The researcher collaborated with 
ward CNCs to address practical issues such as how to 
best involve clinicians in the education.

Phase 5: implement and iterate
The EPOC taxonomy of implementation strategies for 
healthcare workers was used to name and define the 
strategies for education and implementation [42]. Strate-
gies were focused on the NASSS domains of complexity 
for the stroke EMR enhancement and important contex-
tual considerations for each hospital site. The education 
and training rollout involved disseminating materials 
through hospital Learning Management Systems (LMS), 
with feedback from stakeholders informing changes.
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Results
Phase 1: evidence for approach, strategies and modality 
of education and training
The literature review identified three core concepts: 
1) approach to training, 2) training strategies and 3) 
modality of training.

Approach to training
There are numerous types of approaches to education 
and training of staff in using the EMR, such as one-on-
one training, peer coaching, computer based training, 
classroom training and blended methods [44]. Benefi-
cial and negative characteristics of each style of train-
ing have been identified, therefore, blended training is 
recommended to mitigate weaknesses in each individ-
ual approach. Blended training is one of the most cited 
training approaches in the literature [7, 44–47].

Training strategies
Key strategies that have been well documented and rec-
ommended include assessing baseline computer skills 
of users [44], scheduling education sessions close to the 
actual use of the system [48], engaging key stakeholders 
and staff champions [49–51], providing an incremen-
tal approach to training [46] and keeping in mind the 
social nature of learning [44]. A study by McAlearney 
et  al. [52] describes five propositions that contribute 
to better learning: (1) emphasizing the positive impact 
of an EMR, (2) training that contains observation and 
hands-on activities, (3) clinical champions and posi-
tive role-models, (4) building on past computer experi-
ences, and (5) social and cultural sensitivity.

Modalities for training
Successful training modalities revolve around maximiz-
ing the transfer of learning, as described by Jeyakumar 
et al. [44] as ‘practice and problem-based learning, inte-
gration of learning into practice and enhancing practice 
improvement and performance.’ Practice and problem-
based learning refers to modalities of training such as 
case-based scenarios and simulation [53, 54] and giv-
ing users ‘hands-on’ practice with the system, not just 
lectures. Team training has been described as covering 
‘the big picture’ and allowing teams to recognize each 
other’s roles and establishing collaborative processes 
[55]. Team members would visualize each other’s work-
flows and understand how they interact during patient 
care.

As a result of the literature review, the following key 
elements were incorporated into the education and 
implementation program:

• Blended learning models [44–48, 50, 56–64]
• Engaging key stakeholders and staff champions [44, 

49, 50, 52, 65, 66]
• Social nature of learning [44, 52]
• Staged approach to training [46, 67]
• Variety of training modalities e.g. hands on practice 

[45, 46, 50, 60, 63, 65, 68], video tutorials [69, 70], 
team training [45, 55, 67, 71]

A particular focus was placed on education and imple-
mentation strategies that encourage active participant 
engagement. Experiential learning theory, which centers 
learning around experience, inquiry and reflection [72] 
guided the selection of training modalities.

Phase 2: context
Twelve staff members were shadowed across the three 
hospital sites for 40 hours. While a common approach to 
stroke care was adopted across the hospital sites, differ-
ences were observed in the clinical environment (ward 
communal spaces for staff meetings or interactions, co-
location of computer spaces on the ward, availability 
of resources such as computer workstation on wheels 
(WOWs) and physical space), and the workforce (clini-
cal staff resources, integration of teams, staff turnover). 
Differences in team stability were also noted, with Site 
1 having a fairly stable and consistent multidisciplinary 
team  (MDT), but high turnover of casual nursing staff, 
whereas Sites 2 & 3 had a high frequency of staff rota-
tions (especially allied health staff). This presented a 
challenge in identifying staff to disseminate the education 
and training, and the requirements of re-training for sus-
tainability of the intervention.

At all hospital sites, clinical ward-based nurse educa-
tors played a key role in coordinating training schedules, 
ensuring staff availability and overseeing general nursing 
education. This nursing education involved face-to-face 
sessions prior to the commencement of a shift. Educa-
tion and training for non-digital interventions primarily 
involved face-to-face sessions, ward-based MDT educa-
tion delivered in a lecture-style format, and occasional 
reference to online tutorials when relevant. Nursing 
education typically followed a structured, in-person for-
mat, while allied health staff engaged in education activi-
ties intermittently, often depending on their individual 
schedules. In contrast, medical staff rarely played an 
active role in MDT education sessions unless they were 
the educators themselves.

Upon commencement of employment, all staff received 
hands-on computer-based training on general use of the 
EMR, however no re-training schedules were offered. 
Informal opportunities for EMR education and train-
ing were observed within and between professions. 
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Staff members often learned from their peers through 
impromptu demonstrations, or across professions during 
MDT meetings or team scrums. New digital updates or 
changes to the EMR were communicated to staff through 
email, digital and paper-based flyers, and online informa-
tion hubs accessible via the local intranet. The organiza-
tion had not participated in the publication of an EMR 
online education program to a hospital-based learning 
platform previously. Each hospital site expressed the 
need for both digital teams and hospital-based education 
teams to endorse new online education materials.

All acute stroke teams worked within the context of 
rising caseloads and increasing number of stroke admis-
sions per year, with resources and services under pres-
sure. The observation of the 3 clinical contexts allowed 
the researchers to identify key considerations to be 
addressed within the education and implementation pro-
gram (Table 1).

Phase 3: theory
The assessment utilizing the NASSS-CAT revealed that 
4 of the 7 domains were rated as complex encompassing 
the technology, the value proposition, the intended adop-
ters, and the organization (see Additional File 2). This 
tool was used with the intention of developing strategies 

to target the most complex areas for implementation, 
while acknowledging that connections between the 
complexity domains and context would evolve simul-
taneously. The complexity domains are sequenced in 
accordance with the NASSS framework.

The technology
Complexity related to the stroke EMR enhancement 
included uncertainty about the feasibility of the end 
product replicating ideal design parameters. As the 
technology was the first of its kind within the organiza-
tion, there were gaps in knowledge as to the technol-
ogy’s performance (e.g., how will the data be extracted 
from the EMR to a national clinical registry). As a result, 
there were uncertainties about the technology’s usabil-
ity and how to fit the technology efficiently within clini-
cal workflows. The stroke EMR enhancement was also 
likely to require major changes to documentation prac-
tices regarding how clinical indicator data was collected, 
audited and shared.

The value proposition
The stroke EMR enhancement was designed to improve 
interprofessional collaboration via a single landing page 
offering clinicians enhanced visiblility and access to key 
clinical information, in turn supporting service quality 
and improvement. In addition, standardized data col-
lection forms were designed to extract clinical indicator 
data for more efficient data extraction to a national clini-
cal registry [38]. Key stakeholders recognized the value of 
the stroke EMR enhancement and were keen to pursue 
the implementation of the project and communicate this 
value proposition to frontline staff; this is illustrated by 
the quote below from a senior leader in the health service 
(Table 2).

Despite the percpetion of value to key stakeholders, the 
value of the stroke EMR enhancement to frontline staff 
was more uncertain as no EMR applications had been 
implemented at this scale previously within the organi-
zation. Additionally, the stroke EMR enhancement was a 
statewide change in practice. This standardization across 
multiple different hospitals and contexts provided uncer-
tainty regarding the value proposition (e.g., some hospi-
tal contexts may have greater need for the intervention 

Table 1 Contextual considerations for implementation

Focus area Contextual Considerations

Individual Staff motivations and perceptions
Individual digital literacy, staff availability and optimal 
timing for engagement
Understanding disruptions or changes to individual clini‑
cal workflows

Team Identification of teams involved (e.g., digital, education, 
clinical)
Opportunities to talk about the technology (social learn‑
ing/collective sensemaking)
Team structure including staff turnover, team meetings
Identification of key staff champions/leaders to facilitate 
ongoing learning
Value of the intervention needs to be well communicated

Organization Identification of governance structures: consider all levels
Identification of health services leadership and support
Provision of evidence‑base for the technology
Clear purpose identified and evaluation plans established

Table 2 Key stakeholder perspective regarding value proposition of the stroke EMR enhancement

“And I can certainly see the substantial benefits it has…Just things like regular documentation of the NIHSS (National Institutes of Health Stroke 
Scale), so just for that monitoring of clinical improvement, ensuring that we’ve actually complied with all the acute care standards for acute stroke 
care….that it’s cause for a thought process…And there’s just so many safety and quality features, because I think some of it, at times, people felt, 
"Oh, you’re just doing this as a data collection tool" – (but) that there’s actually really strong safety and quality components that it actually facilitates, 
and ensures that we’re compliant. And then that allows standardization of care. I know patient‑centred care is very key, but in stroke, standardization 
of care, getting rid of that unwarranted variation is (also) actually really important, so that people aren’t missing out on very pertinent steps in the care 
pathway”.
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than others, or were there existing practices at certain 
hospitals that would compete with the benefit of the 
technology).

The intended adopters
The intended adopters of the stroke EMR enhancement 
were the clinical staff working in acute stroke wards 
across EMR sites in Queensland. Other staff that had the 
potential to be impacted were administation and data 
entry personnel, depending on the local procedures for 
clinical indicator data collection within hospitals. The 
complexity within this domain related to the uncertainty 
in how frontline staff would adopt the technology, with 
the possiblity of staff resistance to change and non-adop-
tion if the value proposition was not well communicated. 
High staff turnover in acute stroke wards also poses a 
challenge to the adoption of the stroke EMR enhance-
ment. Futhermore, acute stroke wards are busy and if 
staff did not feel they had the resources (e.g. time, space 
or support) to adopt changes to practice, uptake of the 
stroke EMR enhancement would be challenged.

The organization
The stroke EMR enhancement was one of the first clin-
ically-led optimizations of the EMR driven by a state-
wide clinical network. The novelty of the intervention 
left organizational readiness for the innovation unclear, 
as the processes to embed them were not well estab-
lished. This lack of established processes and guidelines 
for embedding the stroke EMR enhancement within the 
existing systems and workflows of the organization cre-
ated an additional layer of complexity to the implementa-
tion process.

Key strategies for the education and implementation 
program design are presented in Table 3.

Phase 4: education and implementation program design 
and evaluation
Using knowledge from the literature, a blended approach 
to training was chosen for implementation of the stroke 
EMR enhancement. The blended approach involved 
e-learning modules, as well as face-to-face group-based 
training, and production and publication of Quick Ref-
erence Guides (QRGs), providing simple, condensed 
instructions on how to use the stroke EMR enhancement.

Group‑based education
Face-to-face group-based education was delivered to 
medical, nursing and allied health staff through a series 
of brief, targeted sessions [46, 67] conducted by the 
researcher at each hospital site over a period of one to 
two weeks. To promote the uptake and utilization of the 
stroke EMR enhancement, designated staff champions 

were responsible for encouraging engagement amongst 
staff [44, 49, 65]. During group training sessions, a social 
aspect to the learning experience was encouraged [52] 
through discussions about the value and purpose of the 
EMR intervention for stroke care.

E‑learning package
The interactive e-learning package included several 
modules:

1. Introduction: Background information on the EMR 
and overview of the stroke EMR enhancement.

2. Main features of the EMR enhancement: Three indi-
vudual tutorials relating to features of the stroke 
EMR enhancement were presented to users.

3. How to use the enhancement: Video tutorials and 
interactive pages allowed users to understand use of 
the new features.

4. Quiz: A knowledge test included 2 multiple choice 
questions, 1 question involving matching correct 
answers and 1 written response.

The content and design of the e-learning was eva-
luted by seven members of the statewide stroke network 
(Fig.  2). Overall, the e-learning was rated as ‘very good’ 
(4/7) or ‘excellent’ (3/7) resulting in endorsement of the 
e-learning package for use within the education and 
implementation program.

The implementation and integration of the enhance-
ment lasted three months at each site, during which time, 
key site personnel were encouraged to actively engage 
with the stroke EMR enhancement and promote the 
complementary e-learning package.

Phase 5: implement and iterate
Data to inform the adjustments and iterations of the 
education and implementation program were gath-
ered via staff feedback. Feedback was provided by clini-
cal staff, site champions and nurse educators who were 
engaged with the education and implementation of the 
digital intervention. Researcher (SR) was involved in 
the education and implementation of the stroke EMR 
enhancement and in regular contact with the three 
health services and their staff champions, who acted as 
site principal investigators in the research. This regular 
communication provided the opportunity to gain infor-
mal feedback on barriers to engage staff in education and 
optimize processes for implementation at each study site. 
Barriers and challenges were also shared amongst site 
staff champions via meetings, emails and education ses-
sions allowing collective sensemaking and adaptations 
to implementation. A fixed time-frame of three months 
of implementation and iterations was used at each study 
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site. Where possible, all feedback was incorporated into 
further strategies for education and implementation. This 
process led to 4–8 iterations at study sites until no fur-
ther changes were proposed within the implementation 
time-frame.

Action research made it possible to make iterative 
changes to implementation strategies based on feed-
back. For example, clinical staff indicated that the lead-
ership and top-level support was not explicitly visible to 

‘on-the-floor’ clinicians; increased visibility and com-
munication of the EMR enhancement was required. The 
statewide stroke network was driving change through 
consultation with leading stroke clinicians at statewide 
and individual hospital and health service governance 
committees. Further top-down approaches were used to 
encourage uptake of the digital intervention, including 
presentations about the enhancement at key statewide 
network meetings, widespread email distribution of the 

Table 3 The stroke EMR enhancement education and implementation program based on EPOC taxonomy: implementation strategies 
and explanatory activities/actions

EMR Electronic Medical Record, NASSS Non-Adoption, Abandonment, Scale-Up, Spread and Sustainability framework, QRG Quick Reference Guide

Implementation Strategies Activities/actions

Targeting NASSS domain of technology

Provide educational materials ‑ Face‑to‑face group‑based education sessions involving demonstration of use of the stroke EMR 
enhancement
‑ Dissemination of QRGs and screenshots of profession specific details on how to use the technology
‑ E‑learning package

Conduct educational meetings ‑ Involvement in statewide stroke network meetings about the EMR enhancement rollout
‑ Face‑to‑face training sessions scheduled as close to the rollout of the stroke EMR enhancement as pos‑
sible (2–4 weeks)

Use reminders ‑ Reminder emails sent to staff champions to encourage staff engagement in education and training
‑ QRGs used as posters on the ward to remind staff on how to use the technology

Involve local opinion leaders ‑ IT staff involved in the design and construction of the stroke EMR enhancement act as ‘go‑to’ personnel 
for technical concerns

Targeting NASSS domain of value proposition

Provide educational materials ‑ Communication of the purpose and value of the enhancement through the e‑learning package
‑ Dissemination of QRGs to guide new changes and convey purpose of the stroke enhancement

Conduct educational meetings ‑ Purpose and value of the stroke EMR enhancement communicated to staff in face‑to‑face group‑based 
education sessions

Organize inter‑professional education ‑ Staff encouraged to discuss the value of the enhancement to their own clinical practice (collective 
sensemaking)

Involve local opinion leaders ‑ Staff champions chosen to encourage engagement in education and training and promote the value 
of the intervention
‑ E‑learning package included quotes from key stakeholders and lead stroke physicians about the impor‑
tance and value of the enhancement to demonstrate organizational support for the project

Targeting NASSS domain of intended adopters

Provide educational materials ‑ E‑learning package involved information on the clinician‑led design of the EMR enhancement, includ‑
ing demonstration videos, quizzes and interactive lessons
‑ QRGs provided easy ‘how‑to’ lessons on use of the new features

Conduct educational meetings ‑ Face‑to‑face group training sessions designed to enhance interprofessional learning opportunities

Conduct educational outreach visits ‑ Face‑to‑face education and training sessions to enhance uptake at each hospital study site
‑ Optimal timing for staff engagement in education sessions determined through site visits

Organize inter‑professional education ‑ Clinicians encouraged to work with different professions in group‑based training sessions and provide 
opportunities to share their learning experiences

Conduct local consensus processes ‑ Local workflows discussed with each staff champion to determine context appropriate implementation

Use reminders ‑ Posters, emails, TEAMS noticeboard and staff champions were used as reminders for staff to engage 
in the education and use of the stroke EMR enhancement

Involve local opinion leaders ‑ Staff champions encouraged engagement in education and training and optimal use of the enhance‑
ment

Provide tailored interventions ‑ Informal and formal feedback (interviews) of barriers to implementation and iterative changes to strate‑
gies for implementation where possible

Targeting NASSS domain of the organization

Use reminders ‑ Communication to digital, clinical and education teams within health services about the enhancement 
and implementation
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project implementation and dissemination of QRGs to 
individual staff, health service digital health teams and 
acute stroke teams to support training and education.

Iterations were also made based on staff availability. 
Engaging clinical staff to complete training and education 
involved scheduling education sessions within existing 
clinical education time, e.g., Site 1 required small group 
(2–3 people) 15 min scrum sessions with computer dem-
onstration whereas Sites 2 & 3 involved longer 40 min 
presentations with embedded computer demonstration. 
Education and training at Site 3 was interprofessional, 
with both nursing and allied health attending the same 
session compared to other sites where training took place 
separately between professions based on availability of 
clinicians. Table 4 presents the experienced barriers and 
strategies to overcome them [42].

Overall, the NASSS framework supported the abil-
ity to identify barriers and suggest optimal strategies to 
target complexity domains. As expected, barriers were 
identified across all domains of the framework deemed 
complex.

Discussion
Implementation of digital interventions in healthcare 
settings is complex, especially when they require inte-
gration into existing workflows and processes [73]. The 
lack of research on how to develop effective education 

and implementation programs for digital interventions in 
clinical settings hinders efforts to improve digital health 
implementation [13, 32]. A pragmatic evidenced-based 
and theory-driven education and implementation pro-
gram was developed for implementation of the stroke 
EMR enhancement. Although the literature clearly states 
the use of theory and evidence are essential to develop 
and evaluate implementation of interventions [74–77], 
few studies report on the procedural details of such edu-
cation and implementation strategies [31]. Guidance 
from the UK Medical Research Council for developing 
and evaluating complex interventions states that “along-
side implementation-specific outcomes (such as reach or 
uptake of services), attention to the components of the 
implementation strategy, and contextual factors that sup-
port or hinder the achievement of impacts, are key” [75]. 
This study addressed these recommendations by using 
the NASSS framework combined with evidenced-based 
education and training strategies to develop targeted 
approaches for mitigating implementation complexity, 
while also documenting adaptations to the implementa-
tion process.

The NASSS framework to guide education 
and implementation
Our study contributes to the growing literature on use-
fulness of the NASSS framework for implementing and 

Fig. 2 Statewide stroke network feedback for the e‑learning package
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evaluating digital interventions in healthcare [34, 78, 79]. 
The NASSS framework was useful in identifying com-
plex domains within implementation and enabled the 
development of targeted education strategies for multiple 
users and contexts. For instance, education strategies to 
enhance the technical skills of end-users, through face-
to-face and hands-on training, targeted the technology 
domain. Additionally, strategies such as engaging key 
stakeholders and local opinion leaders aimed to manage 
organizational complexity by enhancing coordination 
and communication. The domains of the value proposi-
tion and intended adopters were considered to be most 
modifiable through education and training.

The NASSS framework identifies the value proposi-
tion as a critical factor in technology implementation, 
which is also emphasized in other implementation stud-
ies [33, 80]. The value proposition encompasses not only 
the perspectives of end users and adopters, but also those 
of key stakeholders involved in the technology design 
and implementation. Different stakeholders can hold 
different views of the value of a technology. Given the 
range of statewide and local stakeholders in this study, 
it was important to ensure the value of the stroke EMR 
enhancement was transparent at all levels and aligned 
with organizational objectives. For instance, local opinion 
leaders in the form of staff champions were employed to 
promote the value proposition, and the e-learning pack-
age included compelling quotes from statewide stroke 
physicians about the enhancement’s value for clinical 
practice. It was anticipated that a clear comprehension of 
the value proposition would facilitate the incorporation 
of the enhancement into routine clinical practice.

The intended adopters of the stroke EMR enhance-
ment were clinical staff comprising medical, nursing, and 
allied health professions. The effectiveness of the inter-
vention in streamlining data visibility and data collection 
depended on the extent of staff engagement. Non-adop-
tion of the technology by staff posed a risk to the system’s 
ability to achieve its intended goals. It was observed that 
planned education strategies, such as face-to-face and 
interprofessional group-based sessions, required tailor-
ing and customization to align with contextual demands. 
This highlights the need for flexibility and adaptability in 
the implementation of digital health technologies. The 
NASSS framework was feasible to implement and pro-
vided a practical guide in the prospective planning of 
education and implementation strategies, enabling the 
researchers to reflect on the project’s evolving complexi-
ties [34].

Context, adaptations and complexity
The stroke EMR enhancement is a standardized technical 
solution aiming to enhance data visibility, documentation 

and data extraction within the EMR. Despite implement-
ing a standardized technical solution, implementation 
plans are unlikely to succeed if they are standardized 
across different contexts [8–10]. Our study findings align 
with what is highlighted in the literature – context is a 
central component within implementation [8]. In this 
case, barriers faced were sometimes universal, although 
most often context specific, such as the composition of 
multidisciplinary teams, the adoption of some aspects of 
the intervention and not others, and the lack of engage-
ment of some key staff members. According to com-
plexity science, it is difficult to anticipate these obstacles 
before implementation and they must instead be over-
come as the implementation process unfolds [3, 16].

The iterative approach we adopted in the design and 
execution of the education and implementation program 
allowed for context specific iterations to promote opti-
mal implementation at each study site. In line with previ-
ous literature [31, 81], planning for iterations within the 
implementation process can allow for better ‘innovation 
fit’ to the context. The education and implementation 
program design allowed for customization of strategies 
to fit the hospital contexts (e.g., approaches to training, 
timing of training and dissemination strategies), aligning 
with individual hospital processes and cultures.

Our research study aimed to address the substantial 
gap in the availability of evidenced-based educational 
programs for implementation of complex digital inter-
ventions [7]. Recognizing the intricacies of education and 
training in this complex domain has been described as 
a ’wicked problem’ [22]. Rangel et  al. [22] call for “new 
theoretical lenses” to incorporate complexity within EMR 
training approaches, departing from the conventional 
linear causal relationship analysis. Aligned with this 
concept, our research is grounded in complexity theory 
[82], utilising a multi-phased approach to combine the 
NASSS framework with evidence-based education and 
training strategies for implementation. The phases of 
development recognise complexity, context and the nec-
essary iterations and adaptations required during devel-
opment of the education and implementation program. 
While education and training continue to play a crucial 
role in implementing complex digital interventions in 
healthcare, further research is needed to understand how 
technology advancements and user adoption may influ-
ence the role and essential components of education and 
training in this evolving landscape.

Study limitations and strengths
Several limitations are evident within this research study. 
The research team had initially planned to study imple-
mentation of the stroke EMR enhancement at an ini-
tial site only, and then co-design education and training 
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strategies with staff from this initial site through inter-
view and focus group feedback. Due to the delay in the 
production of the stroke EMR enhancement induced 
by the Covid-19 pandemic, this co-design aspect of the 
study was not able to be executed. Nevertheless, the find-
ings of this study demonstrated the need for co-design-
ing the implementation process with multiple sites due 
to the contextual variability and complexity across sites, 
highlighting the potential limitations of the original study 
plan. Additionally, despite governance and leadership 
from the statewide stroke network, the researcher acted 
as the educator and project manager during implemen-
tation. This positionality may have skewed barrier and 
enabler identification and may affect sustainability of the 
intervention once the research is complete. Furthermore, 
measuring behaviour change and outcomes after itera-
tions to the education was outside of the scope of this 
study. Measuring the effectiveness of the education and 
implementation will be presented in further research. 
Strengths of this study include the use of a theoretical 
and evidence-based approach to the development of the 
education and implementation program. This approach 
allowed for the identification and prioritization of educa-
tion and implementation strategies that were most likely 
to effectively address the high complexity elements of 
the implementation process. This paper makes a valu-
able contribution by providing a comprehensive account 
of the education and implementation program com-
ponents, and contextual factors that may influence its 
uptake – this is a complex process that requires a multi-
phased approach. The suggested approach could serve as 
a framework for clinicians, managers, and educators in 
developing education and implementation programs for 
complex digital interventions.

Conclusion
Education is a critical component within the imple-
mentation of complex digital healthcare interventions. 
To implement the stroke EMR enhancement, a multi-
phased approach was employed, incorporating the 
NASSS framework, evidence-based education and train-
ing strategies, and context assessments. The approach 
emphasized the documentation of adaptations made to 
the education and implementation program to address 
complexity and context. The NASSS framework proved 
useful when used as a guide to prospectively develop an 
education and implementation program, acknowledging 
complexity of the digital intervention. The effectiveness 
of the program in enhancing the adoption and utiliza-
tion of the stroke EMR enhancement will be evaluated in 
future mixed methods research.

Abbreviations
EMR  Electronic Medical Record
CAS  Complex Adaptive System
NASSS  Non‑adoption, Abandonment, Scale‑up, Spread and Sustainability
NASSS‑CAT   Non‑adoption, Abandonment, Scale‑up, Spread and Sustain‑

ability Complexity Assessment Toolkit
IT  Information Technology
CNC  Clinical Nurse Consultant
EPOC  Effective Practice and Organization of Care
QRG  Quick Reference Guide

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913‑ 023‑ 10314‑z.

Additional file 1. The digital intervention: stroke EMR enhancement.

Additional file 2. Complexities in the stroke EMR project assessed by the 
NASSS‑CAT.

Acknowledgements
The authors would like to acknowledge the valuable contributions of key 
stakeholders involved in the design and implementation of the stroke EMR 
enhancement and staff across the study sites.

Authors’ contributions
SR, IR, ABJ, RG, SB all contributed to the design of the study. SR was involved 
in the education, training and implementation across study sites. SR (cor‑
responding author) drafted the article and all authors revised and approved 
the manuscript.

Funding
SR is supported by the Digital Health CRC Limited (DHCRC). DHCRC is funded 
under the Commonwealth’s Cooperative Research Centres (CRC). The funding 
source provided salary support and was not involved in the study design, data 
collection, analysis or writing of this article.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study complies with the Declaration of Helsinki and was per‑
formed according to ethics committee approval by the Metro South Human 
Research and Ethics Committee (HREC/2021/71834). Written informed con‑
sent to participate in this study was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The author (RG) was involved in the design of the stroke EMR enhance‑
ment through the statewide stroke network. No renumeration has or will 
be provided for this work. The remaining authors declare no competing 
interests.

Author details
1 School of Health and Rehabilitation Sciences, The University of Queensland, 
Brisbane, QLD, Australia. 2 Sunshine Coast University Hospital, Sunshine Coast 
Hospital and Health Service, Birtinya, QLD, Australia. 3 Digital Health CRC , 
Sydney, NSW, Australia. 4 Department of Physical Therapy & Faculty of Health, 
University of Applied Sciences Leiden, Leiden, The Netherlands. 5 School 
of Medicine and Dentistry, Griffith University, Birtinya, Australia. 6 School 
of Business, University of Queensland, Brisbane, Australia. 

https://doi.org/10.1186/s12913-023-10314-z
https://doi.org/10.1186/s12913-023-10314-z


Page 13 of 15Robertson et al. BMC Health Services Research         (2023) 23:1301  

Received: 23 April 2023   Accepted: 10 November 2023

References
 1. Lipsitz LA. Understanding health care as a complex system: the founda‑

tion for unintended consequences. JAMA. 2012;308(3):243–4. https:// doi. 
org/ 10. 1001/ jama. 2012. 7551.

 2. Greenhalgh T, Wherton J, Papoutsi C, Lynch J, Hughes G, A’Court C, 
Hinder S, Procter R, Shaw S. Analysing the role of complexity in explaining 
the fortunes of technology programmes: empirical application of the 
NASSS framework. BMC Med. 2018;16(1):66. https:// doi. org/ 10. 1186/ 
s12916‑ 018‑ 1050‑6.

 3. Abbott PA, Foster J, Marin Hde F, Dykes PC. Complexity and the science 
of implementation in health IT–knowledge gaps and future visions. Int J 
Med Inform. 2014;83(7):e12‑22. https:// doi. org/ 10. 1016/j. ijmed inf. 2013. 10. 
009.

 4. Businger AC, Fuller TE, Schnipper JL, Rossetti SC, Schnock KO, Rozenblum 
R, Dalal AK, Benneyan J, Bates DW, Dykes PC. Lessons learned imple‑
menting a complex and innovative patient safety learning laboratory 
project in a large academic medical center. J Am Med Inform Assoc. 
2020;27(2):301–7. https:// doi. org/ 10. 1093/ jamia/ ocz193.

 5. Granja C, Janssen W, Johansen MA. Factors determining the success and 
failure of ehealth interventions: systematic review of the literature. J Med 
Internet Res. 2018;20(5):e10235. https:// doi. org/ 10. 2196/ 10235.

 6. Van Velthoven MH, Cordon C. Sustainable adoption of digital health 
innovations: perspectives from a stakeholder workshop. J Med Internet 
Res. 2019;21(3):e11922. https:// doi. org/ 10. 2196/ 11922.

 7. Goveia J, Van Stiphout F, Cheung Z, Kamta B, Keijsers C, Valk G, Ter Braak 
E. Educational interventions to improve the meaningful use of electronic 
health records: a review of the literature: BEME guide no. Med Teach. 
2013;35(11):e1551‑1560. https:// doi. org/ 10. 3109/ 01421 59x. 2013. 806984.

 8. Dryden‑Palmer KD, Parshuram CS, Berta WB. Context, complexity and 
process in the implementation of evidence‑based innovation: a realist 
informed review. BMC Health Serv Res. 2020;20(1):81. https:// doi. org/ 10. 
1186/ s12913‑ 020‑ 4935‑y.

 9. May CR, Johnson M, Finch T. Implementation, context and com‑
plexity. Implement Sci. 2016;11(1):141. https:// doi. org/ 10. 1186/ 
s13012‑ 016‑ 0506‑3.

 10. Rogers L, De Brún A, Birken SA, Davies C, McAuliffe E. Context counts: a 
qualitative study exploring the interplay between context and imple‑
mentation success. J Health Organization Manag. 2021;35(7):802–24.

 11. Rogers L, De Brún A, McAuliffe E. Defining and assessing context in 
healthcare implementation studies: a systematic review. BMC Health Serv 
Res. 2020;20(1):591. https:// doi. org/ 10. 1186/ s12913‑ 020‑ 05212‑7.

 12. Grossi A, Hoxhaj I, Gabutti I, Specchia ML, Cicchetti A, Boccia S, de Waure 
C. Hospital contextual factors affecting the implementation of health 
technologies: a systematic review. BMC Health Serv Res. 2021;21(1):407. 
https:// doi. org/ 10. 1186/ s12913‑ 021‑ 06423‑2.

 13. Pfadenhauer L, Rohwer A, Burns J, Booth A, Lysdahl KB, Hofmann B, Ger‑
hardus A, Mozygemba K, Tummers M, Wahlster P. Guidance for the assess‑
ment of context and implementation in health technology assessments 
(HTA) and systematic reviews of complex interventions: the context and 
implementation of complex interventions (CICI) framework. European 
Union. 2016.

 14. McCormack B, Kitson A, Harvey G, Rycroft‑Malone J, Titchen A, Seers K. 
Getting evidence into practice: the meaning of “context.” J Adv Nurs. 
2002;38(1):94–104. https:// doi. org/ 10. 1046/j. 1365‑ 2648. 2002. 02150.x.

 15. Nilsen P, Bernhardsson S. Context matters in implementation science: 
a scoping review of determinant frameworks that describe contextual 
determinants for implementation outcomes. BMC Health Serv Res. 
2019;19(1):189. https:// doi. org/ 10. 1186/ s12913‑ 019‑ 4015‑3.

 16. Braithwaite J, Churruca K, Long JC, Ellis LA, Herkes J. When complexity sci‑
ence meets implementation science: a theoretical and empirical analysis 
of systems change. BMC Med. 2018;16(1):63. https:// doi. org/ 10. 1186/ 
s12916‑ 018‑ 1057‑z.

 17. Greenhalgh T, Papoutsi C. Studying complexity in health services 
research: desperately seeking an overdue paradigm shift. BMC Med. 
2018;16(1):95. https:// doi. org/ 10. 1186/ s12916‑ 018‑ 1089‑4.

 18. Paina L, Peters DH. Understanding pathways for scaling up health ser‑
vices through the lens of complex adaptive systems. Health Policy Plan. 
2012;27(5):365–73. https:// doi. org/ 10. 1093/ heapol/ czr054.

 19. Youssef W. Evaluation of EHR Training as a catalyst to achieve clinician 
satisfaction with technology in acute care setting: University of Victoria 
(Canada); 2013.

 20. Humphrey‑Murto S, Makus D, Moore S, Watanabe Duffy K, Maniate J, 
Scowcroft K, Buba M, Rangel JC. Training physicians and residents for the 
use of electronic health records—a comparative case study between two 
hospitals. Med Educ. 2023;57(4):337–48.

 21. Alshibly H, Chiong R, Bao Y. Investigating the critical success factors for 
implementing electronic document management systems in govern‑
ments: evidence from Jordan. Inf Syst Manag. 2016;33(4):287–301. 
https:// doi. org/ 10. 1080/ 10580 530. 2016. 12202 13.

 22. Rangel JC, Humphrey‑Murto S. Social Studies of Science and Technology: 
New ways to illuminate challenges in training for health information 
technologies utilisation. Med Educ. 2023; n/a(n/a). https:// doi. org/ 10. 
1111/ medu. 15179.

 23. Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated 
consolidated framework for implementation research based on user 
feedback. Implement Sci. 2022;17(1):75. https:// doi. org/ 10. 1186/ 
s13012‑ 022‑ 01245‑0.

 24. Davis FD. Perceived usefulness, perceived ease of use, and user accept‑
ance of information technology. MIS Quart. 1989;1:319–40.

 25. Amoako‑Gyampah K, Salam AF. An extension of the technology accept‑
ance model in an ERP implementation environment. Inform Manag. 
2004;41(6):731–45. https:// doi. org/ 10. 1016/j. im. 2003. 08. 010.

 26. Guyatt S, Ferguson M, Beckmann M, Wilkinson SA. Using the consolidated 
framework for implementation research to design and implement a 
perinatal education program in a large maternity hospital. BMC Health 
Serv Res. 2021;21:1–13.

 27. Ross J, Stevenson F, Dack C, Pal K, May C, Michie S, Barnard M, Murray E. 
Developing an implementation strategy for a digital health intervention: 
an example in routine healthcare. BMC Health Serv Res. 2018;18(1):1–13.

 28. Papoutsi C, A’Court C, Wherton J, Shaw S, Greenhalgh T. Explaining the 
mixed findings of a randomised controlled trial of telehealth with cen‑
tralised remote support for heart failure: multi‑site qualitative study using 
the NASSS framework. Trials. 2020;21(1):891. https:// doi. org/ 10. 1186/ 
s13063‑ 020‑ 04817‑x.

 29. Kowatsch T, Otto L, Harperink S, Cotti A, Schlieter H. A design and 
evaluation framework for digital health interventions. IT‑Inform Technol. 
2019;61(5–6):253–63. https:// doi. org/ 10. 1515/ itit‑ 2019‑ 0019.

 30. Collinsworth AW, Masica AL, Priest EL, Berryman CD, Kouznetsova M, 
Glorioso O, Montgomery D. Modifying the electronic health record to 
facilitate the implementation and evaluation of a bundled care program 
for intensive care unit delirium. EGEMS (Wash DC). 2014;2(1):1121. https:// 
doi. org/ 10. 13063/ 2327‑ 9214. 1121.

 31. Dryden‑Palmer K, Berta WB, Parshuram CS. Implementing a complex 
hospital innovation: conceptual underpinnings, program design and 
implementation of a complex innovation in an international multi‑site 
hospital trial. BMC Health Serv Res. 2022;22(1):1342. https:// doi. org/ 10. 
1186/ s12913‑ 022‑ 08768‑8.

 32. Pinnock H, Barwick M, Carpenter CR, Eldridge S, Grandes G, Griffiths CJ, 
Rycroft‑Malone J, Meissner P, Murray E, Patel A, et al. Standards for Report‑
ing Implementation Studies (StaRI) Statement. BMJ. 2017;356:i6795. 
https:// doi. org/ 10. 1136/ bmj. i6795.

 33. Greenhalgh T, Wherton J, Papoutsi C, Lynch J, Hughes G, A’Court C, Hin‑
der S, Fahy N, Procter R, Shaw S. Beyond adoption: a new framework for 
theorizing and evaluating nonadoption, abandonment, and challenges 
to the scale‑up, spread, and sustainability of health and care technolo‑
gies. J Med Internet Res. 2017;19(11):e367. https:// doi. org/ 10. 2196/ jmir. 
8775.

 34. Greenhalgh T, Maylor H, Shaw S, Wherton J, Papoutsi C, Betton V, Nelissen 
N, Gremyr A, Rushforth A, Koshkouei M, et al. The NASSS‑CAT tools for 
understanding, guiding, monitoring, and researching technology imple‑
mentation projects in health and social care: protocol for an evaluation 
study in real‑world settings. JMIR Res Protoc. 2020;9(5):e16861. https:// 
doi. org/ 10. 2196/ 16861.

 35. Avison DE, Lau F, Myers MD, Nielsen PA. Action research. Commun ACM. 
1999;42(1):94–7.

https://doi.org/10.1001/jama.2012.7551
https://doi.org/10.1001/jama.2012.7551
https://doi.org/10.1186/s12916-018-1050-6
https://doi.org/10.1186/s12916-018-1050-6
https://doi.org/10.1016/j.ijmedinf.2013.10.009
https://doi.org/10.1016/j.ijmedinf.2013.10.009
https://doi.org/10.1093/jamia/ocz193
https://doi.org/10.2196/10235
https://doi.org/10.2196/11922
https://doi.org/10.3109/0142159x.2013.806984
https://doi.org/10.1186/s12913-020-4935-y
https://doi.org/10.1186/s12913-020-4935-y
https://doi.org/10.1186/s13012-016-0506-3
https://doi.org/10.1186/s13012-016-0506-3
https://doi.org/10.1186/s12913-020-05212-7
https://doi.org/10.1186/s12913-021-06423-2
https://doi.org/10.1046/j.1365-2648.2002.02150.x
https://doi.org/10.1186/s12913-019-4015-3
https://doi.org/10.1186/s12916-018-1057-z
https://doi.org/10.1186/s12916-018-1057-z
https://doi.org/10.1186/s12916-018-1089-4
https://doi.org/10.1093/heapol/czr054
https://doi.org/10.1080/10580530.2016.1220213
https://doi.org/10.1111/medu.15179
https://doi.org/10.1111/medu.15179
https://doi.org/10.1186/s13012-022-01245-0
https://doi.org/10.1186/s13012-022-01245-0
https://doi.org/10.1016/j.im.2003.08.010
https://doi.org/10.1186/s13063-020-04817-x
https://doi.org/10.1186/s13063-020-04817-x
https://doi.org/10.1515/itit-2019-0019
https://doi.org/10.13063/2327-9214.1121
https://doi.org/10.13063/2327-9214.1121
https://doi.org/10.1186/s12913-022-08768-8
https://doi.org/10.1186/s12913-022-08768-8
https://doi.org/10.1136/bmj.i6795
https://doi.org/10.2196/jmir.8775
https://doi.org/10.2196/jmir.8775
https://doi.org/10.2196/16861
https://doi.org/10.2196/16861


Page 14 of 15Robertson et al. BMC Health Services Research         (2023) 23:1301 

 36. O’Brien R. An overview of the methodological approach of action 
research. 1998.

 37. Queensland Government: Integrated electronic medical record (ieMR). In. 
Edited by Queensland Health; 2019.

 38. Clinical Excellence Queensland. Digitally integrated stroke care (DISC) 
Project. Queensland Health; 2018. Available from: https:// clini calex celle 
nce. qld. gov. au/ impro vement‑ excha nge/ disc. Accessed 18 Nov 2022.

 39. Czarniawska B. Fieldwork techniques for our times: Shadowing. In: Quali‑
tative methodologies in organization studies. Springer; 2018: 53–74.

 40. Sirris S, Lindheim T, Askeland H. Observation and Shadowing: Two Meth‑
ods to Research Values and Values Work in Organisations and Leadership. 
In: Researching Values: Methodological Approaches for Understanding 
Values Work in Organisations and Leadership. Cham: Springer Interna‑
tional Publishing; 2022: 133–151.

 41. Greenhalgh T, Abimbola S. The NASSS framework ‑ a synthesis of multiple 
theories of technology implementation. Stud Health Technol Inform. 
2019;263:193–204. https:// doi. org/ 10. 3233/ SHTI1 90123.

 42. Effective Practice and Organisation of Care (EPOC). EPOC Taxonomy. 
2015. Available from: epoc.cochrane.org/epoc‑taxonomy. Accessed 05 
Mar 23.

 43. Purvis T, Middleton S, Alexandrov AW, Kilkenny MF, Coote S, Kuhle S, 
Cadilhac DA. Understanding coordinator roles in acute stroke care: a 
national survey. J Stroke Cerebrovasc Dis. 2021;30(12):106111.

 44. Jeyakumar T, McClure S, Lowe M, Hodges B, Fur K, Javier‑Brozo M, Tassone 
M, Anderson M, Tripp T, Wiljer D. An education framework for effective 
implementation of a health information system: scoping review. J Med 
Internet Res. 2021;23(2):e24691. https:// doi. org/ 10. 2196/ 24691.

 45. Bredfeldt CE, Awad EB, Joseph K, Snyder MH. Training providers: 
beyond the basics of electronic health records. BMC Health Serv Res. 
2013;13:503–503. https:// doi. org/ 10. 1186/ 1472‑ 6963‑ 13‑ 503.

 46. Edwards G, Kitzmiller RR, Breckenridge‑Sproat S. Innovative health infor‑
mation technology training: exploring blended learning. Comput Inform 
Nurs. 2012;30(2):104–9. https:// doi. org/ 10. 1097/ NCN. 0b013 e3182 2f7f7a.

 47. McCain CL. The right mix to support electronic medical record training: 
classroom computer‑based training and blended learning. J Nurses Staff 
Dev. 2008;24(4):151–4. https:// doi. org/ 10. 1097/ 01. NND. 00003 20673. 
65824. db.

 48. Benwell N, Hird K, Thomas N, Furness E, Fear M, Sweetman G. Effective‑
ness and efficiency of training in digital healthcare packages: training 
doctors to use digital medical record keeping software. Aust Health Rev. 
2017;41(5):479–84. https:// doi. org/ 10. 1071/ ah160 90.

 49. Bygholm A. Staff Training On The Use Of Health Information Systems: 
What Do We Know? Stud Health Technol Inform. 2018;247:191–5.

 50. Pantaleoni JL, Stevens LA, Mailes ES, Goad BA, Longhurst CA. Successful 
physician training program for large scale EMR implementation. Appl Clin 
Inform. 2015;6(1):80–95. https:// doi. org/ 10. 4338/ ACI‑ 2014‑ 09‑ CR‑ 0076.

 51. Bunce AE, Gruß I, Davis JV, Cowburn S, Cohen D, Oakley J, Gold R. Les‑
sons learned about the effective operationalization of champions as an 
implementation strategy: results from a qualitative process evaluation of 
a pragmatic trial. Implement Sci. 2020;15(1):87. https:// doi. org/ 10. 1186/ 
s13012‑ 020‑ 01048‑1.

 52. McAlearney AS, Robbins J, Kowalczyk N, Chisolm DJ, Song PH. The 
role of cognitive and learning theories in supporting successful EHR 
system implementation training: a qualitative study. Med Care Res Rev. 
2012;69(3):294–315. https:// doi. org/ 10. 1177/ 10775 58711 436348.

 53. Topaz M, Rao A, Masterson Creber R, Bowles KH. Educating clinicians 
on new elements incorporated into the electronic health record: 
theories, evidence, and one educational project. Comput Inform Nurs. 
2013;31(8):375–81. https:// doi. org/ 10. 1097/ NXN. 0b013 e3182 95e5a5.

 54. Vuk J, Anders ME, Mercado CC, Kennedy RL, Casella J, Steelman SC. 
Impact of simulation training on self‑efficacy of outpatient health 
care providers to use electronic health records. Int J Med Inform. 
2015;84(6):423–9. https:// doi. org/ 10. 1016/j. ijmed inf. 2015. 02. 003.

 55. Michaelsen LK, Sweet M, Parmelee DX. Team‑Based Learning: Small 
Group Learning’s Next Big Step: New Directions for Teaching and Learn‑
ing, Number 116, vol. 103: John Wiley & Sons; 2011.

 56. Gray C, Bee S, Bertka K. Nurses and computerized systems: Is" hands‑on" 
most helpful? Nurs Manage. 2010;41(1):35–8.

 57. Harton BB, Borrelli L, Knupp A, Rogers N, West VR. Integrating traditional 
nursing service orientation content with electronic medical record 

orientation. J Nurses Staff Dev. 2009;25(5):229–35. https:// doi. org/ 10. 
1097/ NND. 0b013 e3181 ba3bb4.

 58. He Z, Marquard J, Henneman E. Model guided design anddevelop‑
ment process for an electronic health record training program. AMIA 
Annual Sympo Proceed. 2016;2016:1814 (American Medical Informatics 
Association).

 59. Kumar A, Bhatia S, Chiang I‑J. Deployment of an in‑house designed 
training process in a quaternary care hospital. Technol Health Care. 
2013;21(5):469–78.

 60. Nicklaus J, Kusser J, Zessin J, Amaya M. Transforming education for elec‑
tronic health record implementation. J Contin Educ Nurs. 2015;46(8):359–
63. https:// doi. org/ 10. 3928/ 00220 124‑ 20150 721‑ 02.

 61. Robinson KE, Kersey JA. Novel electronic health record (EHR) education 
intervention in large healthcare organization improves quality, efficiency, 
time, and impact on burnout. Medicine. 2018;97(38):e12319–e12319. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 012319.

 62. Stromberg SC. A training model for orienting newly hired nurses 
to an organization’s electronic health record. Comput Inform Nurs. 
2011;29(6):321–5. https:// doi. org/ 10. 1097/ NCN. 0b013 e3182 24e78f.

 63. Younge VL, Borycki E, Kushniruk AW, Fellow C. On‑the‑job training 
of health professionals for electronic health record and electronic 
medical record use: a scoping review. Knowledge ManagE‑Learning. 
2015;7:436–69.

 64. Rudd KE, Puttkammer N, Antilla J, Richards J, Heffron M, Tolentino H, 
Jacobs DJ, KatjiuanJo P, Prybylski D, Shepard M, et al. Building workforce 
capacity for effective use of health information systems: evaluation of 
a blended eLearning course in Namibia and Tanzania. Int J Med Inform. 
2019;131:103945. https:// doi. org/ 10. 1016/j. ijmed inf. 2019. 08. 005.

 65. Brown CL, Reygate K, Slee A, Coleman JJ, Pontefract SK, Bates DW, Hus‑
band AK, Watson N, Slight SP. A literature review of the training offered 
to qualified prescribers to use electronic prescribing systems: why is it 
so important? Int J Pharm Pract. 2017;25(3):195–202. https:// doi. org/ 10. 
1111/ ijpp. 12296.

 66. O’Brien MS. Implementation of the EPIC electronic medical record/physi‑
cian order‑entry system. J Healthc Manag. 2006;51(5):338–43.

 67. Nechyporenko T, Mckibbon A: Review of different training approaches 
to facilitate successful adoption of EMR systems by physicians in hospital 
settings. In: 2015; 2015.

 68. Evatt M, Ren D, Tuite P, Reynolds C, Hravnak M. Development and 
implementation of an educational support process for electronic nursing 
admission assessment documentation. Medsurg Nurs. 2014;23(2):89–95 
(100).

 69. Randhawa GK, Shachak A, Courtney KL, Kushniruk A. Evaluating a 
post‑implementation electronic medical record training intervention 
for diabetes management in primary care. BMJ Health Care Inform. 
2019;26(1):e100086. https:// doi. org/ 10. 1136/ bmjhci‑ 2019‑ 100086.

 70. Zoghbi V, Caskey RC, Dumon KR, Soegaard Ballester JM, Brooks AD, 
Morris JB, Dempsey DT. “How to” videos improve residents performance 
of essential perioperative electronic medical records and clinical tasks. J 
Surg Educ. 2018;75(2):489–96. https:// doi. org/ 10. 1016/j. jsurg. 2017. 07. 009.

 71. Smith PD. Implementing an EMR system: one clinic’s experience. Fam 
Pract Manag. 2003;10(5):37–42.

 72. Kolb AY, Kolb DA. Experiential Learning Theory. In: Encyclopedia of the 
Sciences of Learning. Boston, MA: Springer US; 2012: 1215–1219.

 73. Konttila J, Siira H, Kyngäs H, Lahtinen M, Elo S, Kääriäinen M, Kaakinen P, 
Oikarinen A, Yamakawa M, Fukui S, et al. Healthcare professionals’ compe‑
tence in digitalisation: A systematic review. J Clin Nurs. 2019;28(5–6):745–
61. https:// doi. org/ 10. 1111/ jocn. 14710.

 74. French SD, Green SE, O’Connor DA, McKenzie JE, Francis JJ, Michie S, 
Buchbinder R, Schattner P, Spike N, Grimshaw JM. Developing theory‑
informed behaviour change interventions to implement evidence into 
practice: a systematic approach using the theoretical domains frame‑
work. Implement Sci. 2012;7:38. https:// doi. org/ 10. 1186/ 1748‑ 5908‑7‑ 38.

 75. Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, Boyd 
KA, Craig N, French DP, McIntosh E, et al. A new framework for developing 
and evaluating complex interventions: update of medical research coun‑
cil guidance. BMJ. 2021;374:n2061. https:// doi. org/ 10. 1136/ bmj. n2061.

 76. Moullin JC, Dickson KS, Stadnick NA, Albers B, Nilsen P, Broder‑Fingert 
S, Mukasa B, Aarons GA. Ten recommendations for using implementa‑
tion frameworks in research and practice. Implement Sci Commun. 
2020;1(1):42. https:// doi. org/ 10. 1186/ s43058‑ 020‑ 00023‑7.

https://clinicalexcellence.qld.gov.au/improvement-exchange/disc
https://clinicalexcellence.qld.gov.au/improvement-exchange/disc
https://doi.org/10.3233/SHTI190123
https://doi.org/10.2196/24691
https://doi.org/10.1186/1472-6963-13-503
https://doi.org/10.1097/NCN.0b013e31822f7f7a
https://doi.org/10.1097/01.NND.0000320673.65824.db
https://doi.org/10.1097/01.NND.0000320673.65824.db
https://doi.org/10.1071/ah16090
https://doi.org/10.4338/ACI-2014-09-CR-0076
https://doi.org/10.1186/s13012-020-01048-1
https://doi.org/10.1186/s13012-020-01048-1
https://doi.org/10.1177/1077558711436348
https://doi.org/10.1097/NXN.0b013e318295e5a5
https://doi.org/10.1016/j.ijmedinf.2015.02.003
https://doi.org/10.1097/NND.0b013e3181ba3bb4
https://doi.org/10.1097/NND.0b013e3181ba3bb4
https://doi.org/10.3928/00220124-20150721-02
https://doi.org/10.1097/MD.0000000000012319
https://doi.org/10.1097/NCN.0b013e318224e78f
https://doi.org/10.1016/j.ijmedinf.2019.08.005
https://doi.org/10.1111/ijpp.12296
https://doi.org/10.1111/ijpp.12296
https://doi.org/10.1136/bmjhci-2019-100086
https://doi.org/10.1016/j.jsurg.2017.07.009
https://doi.org/10.1111/jocn.14710
https://doi.org/10.1186/1748-5908-7-38
https://doi.org/10.1136/bmj.n2061
https://doi.org/10.1186/s43058-020-00023-7


Page 15 of 15Robertson et al. BMC Health Services Research         (2023) 23:1301  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 77. Rycroft‑Malone J. Theory and knowledge translation: setting some coor‑
dinates. Nurs Res. 2007;56(4):S78‑85.

 78. Dyb K, Berntsen GR, Kvam L. Adopt, adapt, or abandon technology‑
supported person‑centred care initiatives: healthcare providers’ beliefs 
matter. BMC Health Serv Res. 2021;21(1):240. https:// doi. org/ 10. 1186/ 
s12913‑ 021‑ 06262‑1.

 79. Uribe Guajardo MG, Baillie A, Louie E, Giannopoulos V, Wood K, Riordan B, 
Haber P, Morley K. The evaluation of the role of technology in the path‑
ways to comorbidity care implementation project to improve manage‑
ment of comorbid substance use and mental disorders. J Multimorbidity 
Comorbidity. 2022;12:26335565221096976. https:// doi. org/ 10. 1177/ 
26335 56522 10969 77.

 80. Shaw J, Agarwal P, Desveaux L, Palma DC, Stamenova V, Jamieson T, Yang 
R, Bhatia RS, Bhattacharyya O. Beyond “implementation”: digital health 
innovation and service design. Digital Med. 2018;1(1):48. https:// doi. org/ 
10. 1038/ s41746‑ 018‑ 0059‑8.

 81. Cresswell K, Sheikh A. Organizational issues in the implementation and 
adoption of health information technology innovations: an interpretative 
review. Int J Med Inform. 2013;82(5):e73‑86. https:// doi. org/ 10. 1016/j. 
ijmed inf. 2012. 10. 007.

 82. Plsek PE, Greenhalgh T. The challenge of complexity in health care. BMJ. 
2001;323(7313):625. https:// doi. org/ 10. 1136/ bmj. 323. 7313. 625.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s12913-021-06262-1
https://doi.org/10.1186/s12913-021-06262-1
https://doi.org/10.1177/26335565221096977
https://doi.org/10.1177/26335565221096977
https://doi.org/10.1038/s41746-018-0059-8
https://doi.org/10.1038/s41746-018-0059-8
https://doi.org/10.1016/j.ijmedinf.2012.10.007
https://doi.org/10.1016/j.ijmedinf.2012.10.007
https://doi.org/10.1136/bmj.323.7313.625

	Addressing complexity when developing an education program for the implementation of a stroke Electronic Medical Record (EMR) enhancement
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Aim and objectives
	Study design
	Setting
	The problem and the digital intervention
	Phase 1: evidence
	Phase 2: context
	Phase 3: theory
	Phase 4: design and evaluation
	Phase 5: implement and iterate

	Results
	Phase 1: evidence for approach, strategies and modality of education and training
	Approach to training
	Training strategies
	Modalities for training

	Phase 2: context
	Phase 3: theory
	The technology
	The value proposition
	The intended adopters
	The organization

	Phase 4: education and implementation program design and evaluation
	Group-based education
	E-learning package

	Phase 5: implement and iterate

	Discussion
	The NASSS framework to guide education and implementation
	Context, adaptations and complexity
	Study limitations and strengths

	Conclusion
	Anchor 38
	Acknowledgements
	References


