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Abstract

Background: Current e-learning evaluation focuses on learners’ knowledge gain, satisfaction, perceptions, and attitudes; few
assess the implementation outcomes of e-learning resources in teaching and learning.

Objective: In this study, we used the RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance) frame-
work to systematically evaluate the implementation outcomes of reusable learning objects (RLOs) in the context of health care
education.

Methods: This study is a part of the Advancing Co-creation of RLOs to Digitise Healthcare Curriculum (ACoRD) project,
wherein we developed and implemented 23 RLOs across 3 Malaysian universities for medical, pharmacy, and biomedical
curricula. Implementation and dissemination strategies were employed. Data were collected using a self-administered web-
based questionnaire and Google Analytics.

Results: This study reports a cumulative RLO access of 7622 users from 48 countries (reach). Users rated RLOs as very
helpful (1452/2071, 70.1%) or helpful (601/2071, 29.1%). Preassessments and postassessments showed a significant improve-
ment in the knowledge score (21 RLOs, P<.05) and confidence level (17 RLOs, P<.05) (effectiveness). All 3 Malaysian
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universities adopted RLOs in the fields of professional development, primary care medicine, medicine, pediatrics, nursing,
pharmacy, and biomedicine (adoption). The percentage of users who completed RLOs ranged from 5.6% (10/179) to 85%
(78/92), with nonbounced users (users who viewed more than one page) ranging from 16.3% (165/1014) to 88.5% (370/418)
(implementation). In the 4 months following the completion of the ACoRD project, a total of 2107 users accessed RLOs
(maintenance).

Conclusions: We systematically evaluated the implementation of e-learning resources by using the RE-AIM framework,

informing future strategies to integrate e-learning innovations in real-world teaching and learning practices.

JMIR Med Educ 2025;11:¢63882; doi: 10.2196/63882
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Introduction

The use of technology in medical education and health
sciences is on the rise, aiming to enhance the knowledge,
skills, and practice of medical students. e-Learning, the
process of acquisition and use of knowledge distributed
and facilitated by electronic means [1], has been shown
to be effective in not only improving knowledge but also
increasing students’ satisfaction in medical education [2,3].
The application of e-learning objects in medical education
promotes self-directed and personalized learning, serving as
a complement to the conventional didactic teaching method
in medical schools [4]. An e-learning object refers to a
collection of digital materials structured in a meaningful way,
aligned with a specific learning objective, and designed as
independent, self-contained units of instructional materials

[4].

Although institutions are devoting substantial resources
to the development of e-learning, successful implementation
of e-learning remains challenging and is often not systemat-
ically measured [5]. A systematic review showed that the
evaluation of e-learning tends to focus on the assessment of
learners’ knowledge, satisfaction, perceptions, and attitudes,
and there is a lack of rigorous evaluation of its implementa-
tion outcomes in the real-world environment [6]. Implemen-
tation outcomes are the effects of deliberate and purposive
action to implement a new intervention or practice [7]. In the
context of e-learning, implementation outcomes include the
acceptability, adoption, appropriateness, feasibility, fidelity,
and sustainability of e-learning resources in teaching and
learning [8]. When e-learning objects are released as open
content, reach and discoverability become important.

To date, several models have been used to evaluate the
effectiveness and implementation of e-learning resources.
The Kirkpatrick model, an outcome-focused model, has been
widely employed to evaluate the effectiveness of an educa-
tional program across 4 levels: reaction, learning, behavior,
and results [9]; however, it does not evaluate the implemen-
tation outcomes. The Context-Input-Process-Product model
[10] is designed to evaluate both the process and product to
determine the success of an educational program. Neverthe-
less, this model primarily focuses on defining the contextual
factors to improve performance [11]. The Analysis, Design,
Development, Implementation, and Evaluation model [12],
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an instructional design model, offers a structured approach
to guide the development and implementation of educational
programs but falls short of providing metrics for measuring
implementation. Therefore, there is a need for an e-learning
implementation outcome framework that provides a compre-
hensive and objective evaluation of the implementation of
e-learning resources.

RE-AIM (Reach, Effectiveness, Adoption, Implementa-
tion, and Maintenance) is an established implementation
science framework used in the health care setting to measure
how effectively an evidence-based intervention is implemen-
ted [13]. It has been used in several studies to evaluate the
implementation outcomes of health care provider education
programs [14,15]. In this study, we aimed to use the RE-
AIM framework to evaluate the implementation outcomes
of reusable learning objects (RLOs), which are bite-sized,
stand-alone interactive web-based resources with multimedia
that focus on a single learning objective [16]. The findings
from this study would provide evidence on the feasibility
of using the RE-AIM framework in the context of health
care education, describe the implementation strategies used
in this project, and propose recommendations to improve the
evaluation of e-learning resource implementation in higher
educational institutions.

Methods
Study Design

This study is a part of the Advancing Co-creation of RLOs
to Digitise Healthcare Curriculum (ACoRD) project, which
was funded by the European Union Erasmus+ project [17]. It
is a capacity building project involving Universiti Malaya,
Universiti Putra Malaysia, Taylor’s University, University
of Nottingham, Karolinska Institutet, and University of
Stavanger. The ACoRD project aimed to introduce innova-
tive digital pedagogy methods by developing, evaluating, and
disseminating high-quality, peer-reviewed RLOs that benefit
health care and biomedical science learners in Malaysia.
RLOs were developed, implemented, and evaluated over 3
phases (Figure 1). The implementation strategies of RLOs
were developed and performed in both the development
(preimplementation phase) and implementation phases.
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Figure 1. Development, implementation, and evaluation of reusable learning objects in the ACoRD project. ACoRD: Advancing Co-creation
of Reusable Learning Objects to Digitise Healthcare Curriculum; HELM: Health e-Learning and Media; KI: Karolinska Institutet; MERLOT:
Multimedia Educational Resource for Learning and Online Teaching; RE-AIM: Reach, Effectiveness, Adoption, Implementation, and Maintenance;
RLO: reusable learning object; TU: Taylor’s University; UM: Universiti Malaya; UoN: University of Nottingham; UoS: University of Stavanger;

UPM: Universiti Putra Malaysia.

Development, Implementation, and Evaluation of RLOs

ACoRD project collaboration
Develapment (UM, UPKM, TU, UaM, KI, LaS)
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| Identify topics and scope of RLO content

}

| Co-creation of storyboard |

]

| RLOs specification writing |

}

| Technical developrnent |

]

| Review and pilot testing |

Release of 23 RLOs at open access
platforms and institutional portals

- ACoRD website

- HELM Open platfom

- MERLOT

- TuU online learning portal

Implementation

l Ewvaluation using RE-AIM framewaork

RLO Development Phase
(Preimplementation)

RLOs were developed following the ASPIRE (Aim,
Storyboarding, Populating, Implementing, Release, and
Evaluation) framework [18]. The development phase began
by establishing a coalition between international institutions
within the project. We evaluated the process and challenges
of transnational partnerships and knowledge transfer by using
a qualitative study, providing insights on guiding effective
partnership in e-learning development in the future [17]. This
was followed by stakeholder engagement at 3 Malaysian
institutions, involving higher education institution manage-
ment, medical education units, respective departments, and
curriculum coordinators. To identify the gaps and topics for
RLO development, the ACoRD team reviewed the exist-
ing curricula and determined how RLOs can be integrated
into the existing topics, learning activities, and teaching
delivery methods in the curricula. We also conducted a
needs assessment by using a Delphi survey to compare the
differences between educators and learners in prioritizing
topics for RLO development [19]. After determining the
topics and scope of 23 RLOs, we engaged the learners in
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Implementation and dissemination strategies

Build a coalition: Establish partnerships of local and international
institutions

Stakeholder engage ment Higher institution management, medical
education units, departments and curriculum coordinators far RLO
integration in cumicula

Capture local knowledge: Understand the existing cumicula and teaching
methods

Conduct local needs assessment: Used & Delphi survey to identify needs
and topics for RLO development

| Involve users: Engage and include students in RLO cocreation

Conduct ongoing training: Werkshops were conducted with educators
and students about RLO cocreation

virtual workshops

Identify and prepare champions: Students and educators champion in

Make training dynamic: RLOs cocreation training via face-to-face and |
developing and implementing RLOs |

Identify early adopters: ldenfify departments & educators to adopt RLOs
in teaching and learning

Integration: Integrating RLOs into the existing curricula

Remind educators: Send reminders to educators to use RLOs in teaching |

| Obtain and use feedback: Revise RLOs based on students’ feedback |

Start a dissemination team: Representatives from all institutions
strategize dissemination plan via conferences, seminars, dissemination
waorkshops, and social media

Audit & provide feedback: Menitoring of RLO performance and feedback
to educators

Purposely reexamine the implementation: Monitoring of RLO progress
and performance and adjust implementation strategies accardingly

RLO cocreation, especially in the storyboard development
step. We evaluated learners’ knowledge, confidence, and
satisfaction of the storyboarding session by using a pre-post
survey and explored their perception and experience of the
cocreation process qualitatively [20]. We provided RLO
specification writing training to the educators who subse-
quently wrote the content for RLOs. Once RLO specifica-
tions were finalized, a content review was conducted before
moving on to technical development. A small pilot test was
conducted with student champions on RLO usability before
full implementation.

RLO Implementation Phase

The 23 RLOs (Table 1) were made available through the
open-access ACoRD repository website [21], Health e-
Learning and Media-Open under the University of Notting-
ham [22], Multimedia Educational Resource for Learning and
Online Teaching [23], and the institutional online learning
portal and curriculum guidebook.

The focus was on the actual integration of RLO resour-
ces into the health sciences curricula. At Universiti Malaya,
RLOs were incorporated into various block postings for
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medicine and an undergraduate semester course for nurs-
ing. In Universiti Putra Malaysia, RLOs were used in
a professionalism module block, and at Taylor’s Univer-
sity, they were embedded as part of semester courses in
pharmacy and biomedical science. Various strategies were
implemented to improve the usage of RLOs, including

Lim et al

identifying early adopters (department and educators) to
use RLOs in teaching, integrating RLOs into the existing
curricula, sending reminders to educators, receiving feedback
from students, establishing an effective dissemination team,
monitoring RLO performance and feedback to educators, and
periodic re-examining of the implementation strategies.

Table 1. The list of reusable learning objects developed for undergraduate students in health care professions.

University, course

RLO? titles (n=23)

Universiti Malaya, Kuala Lumpur, Malaysia

Medicine

Universiti Putra Malaysia, Selangor, Malaysia

Medicine

Taylor’s University, Selangor, Malaysia

Pharmacy

Biomedical science

e RLO 1: Prescription Writing—Back to Basics

* RLO 2: Treatment of Acute Illness

* RLO 3: Principles of Family Medicine

* RLO 4: Factors Affecting Nutrition in the Older Person

* RLO 5: Growth Faltering in Children

* RLO 6: Identify Challenging Behavior in Health Care Settings
e RLO 7: How to Conduct a Literature Search

e RLO 8: Confidentiality

e RLO 9: Breaking Bad News

e RLO 10: Doctor-Patient Relationship

e RLO 11: Consent

e RLO 12: Verbal and Nonverbal Skills
e RLO 13: Counseling Skills

e RLO 14: Ethical Reasoning

e RLO 15: Social Media Professionalism

* RLO 16: Using Nicotine Gum for Smoking Cessation

* RLO 17: Using Nicotine Patches for Smoking Cessation
* RLO 18: Using Varenicline for Smoking Cessation

e RLO 19: Body Metabolism

e RLO 20: DNA Repair

* RLO 21: DNA Replication

e RLO 22: Cardiac Output

¢ RLO 23: Nervous Regulation of the Heart

4RLO: reusable learning object.

Evaluation Phase

This study was performed across 3 Malaysian institutions
(Universiti Malaya, Universiti Putra Malaysia, and Taylor’s
University). Participants in this evaluation were users who
used RLOs during the implementation period from May 1,
2020, to February 24, 2022. We used a universal sampling
method for data collection.

https://mededu.jmir.org/2025/1/e63882

We evaluated the implementation of RLOs by using the
RE-AIM framework (Figure 2). The reach domain is defined
as the access of RLOs by the users. We assessed reach by
measuring the absolute number of RLO users, location of
access, types of devices used by the users, and how users
found out about our RLOs.
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Figure 2. Definitions and outcomes measures of the RE-AIM framework. RE-AIM: Reach, Effectiveness, Adoption, Implementation, and

Maintenance; RLO: reusable learning object.

Definition: Sustained use of RLO

. Mumber of RLO users after the
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mentation
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Definition: Access of RLOs by users

Mumber of RLO users
Location of access
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Definition: Effectiveness of RLOs in
ing users’ learning
Kirkpatrick Model:

Reaction: perceived helpfulness
of RLOs
. Learning: Preknowledge and
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Learning: Preconfidence and
postconfidence scores

. Mumber of institutions
participated in implementing

RLOs

For the effectiveness domain, we applied the 4-level
Kirkpatrick model: Reaction, Learning, Behavior, and Results
[24]. It is a model that is commonly used in medical
education to evaluate the effectiveness of a training program
[25]. Reaction was assessed by gauging learners’ perceived
helpfulness of RLOs, and learning was measured using
pre-RLO and post-RLO knowledge and confidence scores.
Behavior measures whether learners are applying the newly
acquired knowledge from RLOs in clinical practice, while
results measure the ultimate impact of training using RLOs,
which includes impact at an organizational level. We did not
measure the behavior and results domains in this study due to
limitations in the study design.

Adoption refers to the number of institutions that agreed to
use RLOs in teaching and learning activities. We captured
information on the institutions, departments, and existing
modules in which RLOs were implemented. The implemen-
tation domain refers to users’ fidelity in using RLOs for their
learning. We measured the number of users who completed
RLOs and the number of nonbounced users. Nonbounced
users are those who are engaged with the site either by
clicking on links, visiting multiple pages, or triggering events
that indicate interaction, while bounced users are those who
visited the RLO web page but only viewed a single page
without interacting further before exiting.

The maintenance domain refers to the extent to which the
sustained use of RLOs becomes institutionalized or part of

the routine teaching and learning practice. We measured the
number of users who visited the RLO web page 4 months
after the project ended.

Research Instruments and Data
Collection

We used 2 instruments to capture the RLO implementation
outcomes: questionnaires and Google Analytics (Table 2).
The questionnaires were designed to gather user feedback
and usage patterns. We used 2 types of questionnaires: (1)
a web-based questionnaire was administered at the com-
pletion of each RLO to assess users’ perception of its
usefulness (using a 4-point Likert scale: 1-very unhelpful,
2-unhelpful, 3-helpful, and 4-very helpful) and how they
discovered RLOs, and (2) a confidence Likert scale and
RLO-specific knowledge questionnaire were administered
before and immediately after RLO usage. For the knowledge
score, RLOs 16, 17, and 18 (using nicotine gum, nicotine
patches, and varenicline for smoking cessation) were assessed
using 1 set of knowledge questions, while RLOs 20 and 21
(DNA repair and replication) were assessed using another set
of knowledge questions related to specific RLO topics. We
used GAMM1-Google Analytics in Universiti Malaya and
Universiti Putra Malaysia and Moodle monitoring in Taylor’s
University to capture the patterns of access (location, number
of users, number of completing users).

Table 2. RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance) outcome measures and assessment methods.

RE-AIM measures

Assessment methods

Reach
Number of RLO? users
Location of access

Types of devices used

Google Analytics
Google Analytics
Google Analytics

https://mededu.jmir.org/2025/1/e63882
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RE-AIM measures

Assessment methods

How do users find out RLOs

Effectiveness

Perceived helpfulness of RLOs in learning (Kirkpatrick level 1: reaction)®

Knowledge and confidence (Kirkpatrick level 2: learning)

Adoption

Number of institutions who adopted RLOs in teaching and learning
Implementation

Number of users who completed RLOs

Number of nonbounced usersd

Maintenance

Questionnaire: multiple-choice

Questionnaire: 4-point Likert scale

Questionnaire 1: pre- and post-RLO knowledge
score; Questionnaire 2: pre- and post-RLO
confidence score

N/A®

Google Analytics
Google Analytics

Number of RLO accesses 4 months after the ACoRD® project implementation (from February Google Analytics

24 to June 22,2022)

4RLO: reusable learning object.

bPerceived helpfulness is measured using a 4-point Likert scale (1-very unhelpful, 2-unhelpful, 3-helpful, and 4-very helpful).

°N/A: not applicable.
dNonbounced users are defined as users who viewed more than one page.

®ACoRD: Advancing Co-creation of Reusable Learning Objects to Digitise Healthcare Curriculum.

Data Analysis

For the questionnaire items, categorical data were reported
descriptively using proportion and percentage. The mean
difference in the pre-RLO and post-RLO scores on knowl-
edge and confidence were analyzed using Mann-Whitney
U test, as the data were skewed. Statistical analysis was
considered significant when P<.05. Google Analytics data
were reported descriptively using proportion and percentage.
All the data were analyzed using SPSS (version 27; IBM
Corp) and Microsoft Excel.

Ethics Approval

Ethics approval was granted by the Universiti
Malaya Research Ethics Committee (reference UM.TNC2/
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UMREC-997). All participants provided their written consent.
All participant information has been anonymized and
deidentified. There was no financial compensation provided
to the participants.

Results

Overview

From the launch of the first RLO on May 1, 2020, until
February 24, 2022, Google Analytics recorded a cumulative
7622 users from 48 countries (Figure 3). We have reported
the results according to the RE-AIM framework.
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Figure 3. Geographical distribution of the reusable learning object users from 48 countries. There was no country with users between 500 and 6000.
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Among the 7622 global users, the majority (n=6817, 89.4%)
were from Malaysia, while 10.6% (n=805) were from other
countries. Desktop computers were the predominant devices
used to access RLOs (6045/7622,79.3%); 20.7% (1577/7622)
used portable devices such as mobile phones or tablets. The
number of users for each RLO varied from 92 to 1014 (Table
3). The RLOs attracting the highest number of users were
RLO 7 (How to Conduct Literature Research, n=1014), RLO
1 (Prescription Writing: Back to Basics, n=530), and RLO
17 (Using Nicotine Patches for Smoking Cessation, n=511).
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RLOs with fewer than 100 users were RLO 10 (Doctor-
Patient Relationship) and RLO 23 (Nervous Regulation of the
Heart).

Out of 2118 respondents to the questionnaire, the majority
used RLOs because they were part of the course learning
resource (n=1901, 89.8%), while others received a recom-
mendation from peers, colleagues, or lecturers (n=87, 8.8%).
A small proportion of the respondents (30/2118, 1.5%)
found RLOs through the Health e-Learning and Media
open database, open educational catalogs, or general internet
searches.

Table 3. Number of users for each reusable learning object during project implementation.

RLO? type Users, n
RLO 1 530
RLO 2 366
RLO 3 467
RLO 4 310
RLO S 363
RLO 6 184
RLO 7 1014
RLO 8 234
RLO9 187
RLO 10 97
RLO 11 212
RLO 12 336
RLO 13 187
RLO 14 335
RLO 15 388
RLO 16 432
RLO 17 511

https://mededu.jmir.org/2025/1/e63882
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RLO? type Users, n
RLO 18 418
RLO 19 191
RLO 20 365
RLO 21 179
RLO 22 224
RLO 23 92

4RLO: reusable learning object.

Effectiveness

Most users rated RLOs as very helpful (1452/2071, 70.1%)
and helpful (601/2071, 29%). We evaluated the preknowl-
edge and postknowledge scores across all RLOs. The mean
preknowledge score ranged from 0.33 to 9.6, while the
postknowledge score ranged from 5.20 to 9.85. A significant
improvement in the knowledge scores was reported for all
RLOs after their use (P<.05) (Figure 4), except for RLO 4

and RLO 6, which had high mean baseline preknowledge
scores of 6.61 and 8.80, respectively (Table S1 in Multime-
dia Appendix 1). Additionally, we assessed the confidence
scores for 17 RLOs (excluding 5 RLOs, ie, RLOs 16-21
due to missing data) and found a significant improvement in
the mean confidence scores after utilization for all 17 RLOs
(P<.05) (Table S2 in Multimedia Appendix 1).

Figure 4. (A) Comparison of preknowledge and postknowledge scores for each reusable learning object. (B) Comparison of preconfidence and
postconfidence scores for each reusable learning object. *P>.05. # indicates missing data. RLO: reusable learning object.

Az

Knawledge Score

Al HEBE o Ade 1P

[ Preknowledge score
|:| Postknowledge score

RLOT RLO2 RLO3 RLO4 RLOS

Confidence

RLOT RLO2 RLO3 RLO4 ALOS RLOS

Adoption

All RLOs have been adopted by the 3 Malaysian universities
(Universiti Malaya, Universiti Putra Malaysia, and Taylor’s
University). At Universiti Malaya, the departments of primary
care medicine, medicine (geriatrics), pediatrics, and nursing

https://mededu.jmir.org/2025/1/e63882
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have incorporated RLOs into their teaching and learning
curricula. Universiti Putra Malaysia has used RLOs within its
professional development module, while Taylor’s University
has implemented them in the pharmacy and biomedical
undergraduate courses.
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Implementation

The completion rates for RLOs varied widely, with percen-
tages ranging from 5.6% (10/179) to 85% (78/92) as shown
in Table 4. Only RLO 8 (Confidentiality), RLO 15 (Social
Media Professionalism), and RLO 23 (Nervous Regulation
of the Heart) had a completion rate exceeding 50%. The

Lim et al

proportion of nonbounced users, defined as users who viewed
more than one page, ranged from 16.3% (165/1014) to 88.5%
(370/418). Notably, data on nonbounced users for RLOs 8-15
from Universiti Putra Malaysia were unavailable due to the
absence of a tracking function on each RLO page in Google
Analytics (because of technical errors).

Table 4. Number of users who completed reusable learning objects and number of nonbounced users during the implementation period.

RLO? type Accesses, n Users who completed RLOs, n (%) Nonbounced® users, n (%)
RLO 1 530 205 (38.7) 129 (24.3)
RLO2 366 90 (24.6) 97 (26.5)
RLO 3 467 116 (24.8) 143 (30.6)
RLO 4 310 46 (14.8) 64 (20.7)
RLO 5 363 53 (14.6) 71 (19.6)
RLO 6 184 33(17.9) 49 (26.6)
RLO 7 1014 75 (74) 165 (16.3)
RLO 8 234 170 (72.7) —¢

RLO Y 187 68 (36.4) —

RLO 10 97 35 (36) —

RLO 11 212 100 (472) —

RLO 12 336 164 (48.8) —

RLO 13 187 60 (32.1) —

RLO 14 335 116 (34.6) —

RLO 15 388 204 (52.6) —

RLO 16 432 121 (28) 352 (81.5)
RLO 17 511 113 (22.1) 351 (68.7)
RLO 18 418 109 (26.1) 370 (88.5)
RLO 19 191 23 (12) 68 (35.6)
RLO 20 365 61 (16.7) 271 (74.3)
RLO 21 179 10 (5.6) 111 (62)
RLO 22 224 76 (33.9) 147 (65.6)
RLO 23 92 78 (84.8) 30 (32.6)

4RLO: reusable learning object.
bUsers who viewed more than one page.
®Not available.

Maintenance

After the ACoRD project ended on February 24, 2022, a total
of 2107 users continued to access RLOs in the subsequent 4
months, ranging from 15 to 187 accesses per RLO (Figure 5).
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Figure 5. Number of users who accessed reusable learning objects 4 months after the end of the project.
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Discussion

Principal Findings

This study reports the successful implementation of RLOs in
health care education across 3 Malaysian higher educational
institutions by using the RE-AIM framework. Our findings
offer a broad perspective on how the impact and outcomes of
e-learning objects can be measured and evaluated systemati-
cally to inform e-learning implementation strategies.

Our study shows that RLOs were accessed by a more
diverse group of learners than initially anticipated, extend-
ing beyond the Malaysian institutions, where RLOs were
intended to be used. Leveraging on the unique characteristics
of reusability in RLOs [26], we adopted an open educa-
tional resource approach in their deployment. This strategy
significantly broadened the reach of RLOs, making them
available to learners across different disciplines. Conse-
quently, RLOs addressing more general subjects such as
literature review, prescription writing, and smoking cessation
attracted a larger user base compared to those focusing on
discipline-specific topics.

Throughout the ACoRD project, pragmatic implementa-
tion and dissemination strategies were employed to engage a
broader audience. These strategies encompassed identifying
early adopters and educator champions, sending of remind-
ers to educators about incorporating RLOs in their teaching,
monitoring of RLO performance at regular intervals, and
providing feedback to educators. A study on mobile health
e-learning courses highlighted the advantages of iterative
feedback among developers, early adopters, and end users,
which aid in the refinement of existing e-learning implemen-
tation strategies and the development of new ones [27]. The
ACOoRD project featured a dedicated dissemination team that
organized and executed activities to promote RLOs through
conferences and engagement workshops, extending beyond
our institutions. Establishing collaborative partnerships with
other higher educational institutions is an important strategy

https://mededu.jmir.org/2025/1/e63882
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to boost visibility and ensure the long-term use of e-learning
resources [28].

nenths afte

In our study, users perceived RLOs as beneficial for
their learning, with most RLOs demonstrating an improve-
ment in users’ knowledge and confidence levels. These
findings are aligned with previous studies that have repor-
ted improvements in knowledge and understanding following
RLO usage [16,29,30]. However, evaluating the effectiveness
of e-learning resources remains a challenge. Most studies
measured learners’ reactions and learnings such as knowl-
edge, usefulness, confidence, satisfaction, and motivation
[31]. Some studies examining the effectiveness of RLOs
demonstrated behavior change in relation to prescribing
behavior and hearing aid use [32,33]. Measuring higher levels
of learning such as behavior change and impact of learning is
complex due to the time and cost involved [34]. We propose
that the evaluation of RLO effectiveness should go beyond
individual learning outcomes to assess their impact within the
wider teaching and learning ecosystem. This could include
evaluating RLOs’ effectiveness from educators’ perspectives
and examining how RLOs contribute to student empower-
ment in self-directed learning [6].

In the adoption domain of RE-AIM, RLOs developed
by the ACoRD project were adopted by all 3 Malay-
sian institutions. Our study underscores the significance of
planning and initiating implementation strategies during the
development phase (preimplementation) with stakeholders
and institutional engagement. Engaging institutional faculty,
students, and stakeholders is critical for the successful
adoption of e-learning [35]. The cocreation process and
involvement of stakeholders throughout the ASPIRE process
facilitates the feeling of ownership of the materials produced,
thereby leading to use and reuse. To ensure the widespread
adoption of e-learning innovation, it is crucial to engage
with and consider the perspectives of diverse stakeholders,
as the implementation of e-learning necessitates changes in
teaching, learning, management, and infrastructure within the
institution [36].
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In our study, although RLOs reached a significant number
of users, the proportion of users who completed RLOs
(5.6%-84.4%) and nonbounced users (16.3%-81.5%) was
relatively low for most RLOs. Chen et al [37] reported a
similar finding, with a low nonbounced rate of 40% for
an undergraduate online course. The wide discrepancy in
the completion and nonbounced rates among RLOs may be
attributed to the different levels of learning across vari-
ous learner groups. RLOs integrated into the curriculum
as teaching and learning materials achieved a completion
rate greater than 70% (RLO 8 and RLO 23), suggesting
that learners are more invested in completing these RLOs.
Conversely, RLO 7 attracted the highest number of users
(n=1014); yet, its completion rate was only 7.4% (75/1014).
Our findings show that Google Analytics is beneficial for
examining the fidelity of RLO usage, as it provides insights
into learners’ behaviors. Assessing the fidelity of RLO usage
is crucial for educators and institutions to gauge the effective-
ness of RLOs in teaching and learning [38].

Users continued to access RLOs after the conclusion
of the ACoRD project, which indicates the sustainability
of RLOs. The main strategies that we identified were the
integration of RLOs into the existing health care curricu-
lum and developing RLOs by using a robust cocreation
methodology. Identifying the learning needs of teachers and
learners prior to the development of RLOs facilitated their
integration into the curriculum [19]. We also implemented
the educator-as-champion strategy, which involves educators
in content development and subsequently utilizing RLOs in
their teaching. e-Learning champions among academicians in
higher educational institutions are the key players in fostering
the integration of technology into teaching and learning [39].

Lim et al

Limitations

Our study has several limitations. Since each RLO was
developed and launched at different times, discrepancies
in the implementation periods made data interpretation
challenging. We used Google Analytics to capture the reach
of our RLOs. However, we could not confirm whether
access came from unique users or unique IP addresses.
There is a possibility that some users could have accessed
RLOs multiple times by using different IP addresses. As
this study employs a pragmatic approach to capture evalu-
ation outcomes in real-time, missing data were inevitable;
however, it did not substantially impact the overall findings.
Strategies were implemented pragmatically throughout the
project, with practical consideration and changes made to
address implementation issues; as a result, we were unable
to identify and measure the effectiveness of each implementa-
tion strategy.

Conclusion

We employed the RE-AIM framework to systematically
evaluate the implementation success of e-learning resources,
identifying gaps and strategies for improvement. This study
highlights the development, implementation process, and
implementation outcome indicators of open-access RLOs in
health care education. To enhance future e-learning imple-
mentation efforts, we recommend incorporating the RE-AIM
framework into outcome evaluations to provide a more
comprehensive evaluation of e-learning implementation.
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