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ABSTRACT

Background e-Learning is an underutilized tool in education for the health professions, and radiation medicine, 
given its reliance on technology for clinical practice, is well-suited to training simulation in online environments. 
The purpose of the present study was to evaluate the knowledge impact and user interface satisfaction of high- (hf) 
compared with low-fidelity (lf) e-learning modules (e-modules) in radiation oncology training.

Methods Two versions of an e-module on lung radiotherapy (lf and hf) were developed. Radiation oncology 
residents and fellows were invited to be randomized to complete either the lf or the hf module through individual 
online accounts over a 2-week period. A 25-item multiple-choice knowledge assessment was administered before and 
after module completion, and user interface satisfaction was measured using the Questionnaire for User Interaction 
Satisfaction (quis) tool.

Results Of 18 trainees, 8 were randomized to the lf module, and 10, to the hf module. Overall, knowledge assessment 
performance increased (11%, p < 0.05), with hf-group participants reporting a 13% improvement (p = 0.02), and senior 
participants reporting an almost 15% improvement (p < 0.01). Scores on the quis indicated that participants were 
satisfied with various aspects of the user interface.

Conclusions The hf e-module had a greater impact on knowledge acquisition, and users expressed satisfaction 
with the interface in both the hf and lf situations. The use of e-learning in a competency-based curriculum could 
have educational advantages; participants expressed benefits and drawbacks. Preferences for e-learning integration 
in education for the health professions should be explored further.
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INTRODUCTION

In education for the health professions, e-learning is 
an underutilized tool1,2. The instructional methods in 
e-learning provide a standardized, self-paced, safe, asyn-
chronous learning environment that can support knowl-
edge- and skill-building3,4. The e-learning approach can 
overcome financial, temporal, and infrastructure barriers 
to health care education5,6. Although current models of 
e-learning often make use of interactive components such 
as videos, animations, and quizzes, the ability of this ap-
proach to effectively engage the learner in active learning, 
at the appropriate time in their training, has not been 

clearly established in the literature4. Given the limitations 
of the predominant “low fidelity” (lf) approach, such as 
lack of user engagement and inattention to variation in 
learning styles, e-learning in the clinical environment has 
focused primarily on the delivery of didactic content6,7.

Clinical simulation has successfully modelled “high- 
fidelity” (hf) environments to support development and 
integration of knowledge, team-based competencies, and 
technical skills. The success of simulation has been demon-
strated in areas such as emergency medicine, obstetrics, 
surgery, and radiation medicine8–11. Given its reliance on 
technology for clinical practice, including target delineation 
and image-guided radiation therapy image registration, 
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radiation medicine is well-positioned to incorporate sim-
ulation in online environments12–14. Research has shown 
multiple benefits for trainees, including increased self- 
efficacy, better clinical judgment, enhanced clinical skills, 
and improved cognitive insights15–19.

Exploring the role of hf e-learning in training for the 
health professions is needed. Radiation oncology training 
in Canada is moving to a competency-based model20. 
Competency-based medical education (cbme) requires 
increased frequency and diversity of assessment tools. The 
need to adapt current training models to a cbme approach 
has created an urgent need for educators to explore the 
feasibility and integration of new teaching and assessment 
methods into training. The purpose of the present study 
was to evaluate the knowledge impact and user interface 
satisfaction for hf compared with lf e-learning modules 
(e-modules) in radiation oncology training. The study was 
conducted with research ethics board approval.

METHODS

e-Module Development
The two e-modules were developed using the Storyline soft-
ware application (Articulate Global, New York, NY, U.S.A.). 
The clinical content was based on an early-stage lung can-
cer case treated with stereotactic body radiotherapy. The 
5-section e-module addressed clinical decision-making, 
treating with radiation therapy, motion management in 
lung radiation therapy, treatment planning for lung ste-
reotactic body radiotherapy, and general and lung-specific 
image guidance and treatment delivery.

Development of the e-modules involved defining 
the functional fidelity of the simulation component or 
technical skills exercise, which refers to the degree to 
which the skills required for a real task—for example, 
image registration—are captured in a simulated task21.
The lf version presented text-based slides and optional 
readings. The hf version presented videos, imaging 
datasets, decision-making exercises, and knowledge as-
sessment slides. Comparing the hf with the lf e-module, 
there were 96 pages (hf) compared with 86 pages (lf), 24 
videos totalling 140 minutes (hf) compared with 9 videos 
totalling 15 minutes (lf), and 1 technical skills exercise 
(hf) compared with no such exercise (lf). The technical 
skills exercise used a nonclinical version of the Elekta 
(Stockholm, Sweden) XVI software hosted on a virtual 
machine to practice image registration of computed 
tomography data. The e-module content underwent a 
comprehensive expert review by interprofessional mem-
bers of the clinical lung radiotherapy team, including 
4 radiation oncologists, radiation therapists, medical 
physicists, and dosimetrists.

Study Population and Recruitment
All radiation oncology residents (n = 28) and fellows (n = 
28) at the Princess Margaret Cancer Centre, affiliated with 
the University of Toronto, were invited to participate in the 
study. Trainees were approached by a research assistant, 
and informed consent was obtained before the trainee 
could participate in the study. Participants were randomly 
assigned to either the hf or the lf e-module.

e-Module Access and Evaluation
Each participant was assigned a unique anonymized login. 
Participants had access for 14 days to complete the pre-test, 
the e-module, and the post-test.

The pre-module assessment consisted of a 25-item 
multiple-choice knowledge assessment developed by a lung 
radiation oncologist and used previously in assessments 
for other training purposes. The post-module assessment 
consisted of a second set of 25 multiple-choice questions. 
A single bank of multiple choice questions and a corre-
sponding answer key were created and then split into two 
to create the pre- and post-test assessments. The items in 
the pre- and post-module assessments differed, but items 
were matched to ensure evaluation of the same knowl-
edge domains and to facilitate comparisons. Knowledge 
assessment was scored by 1 investigator who was blinded 
to the each participant’s assigned group. Participants also 
completed a modified Questionnaire for User Interaction 
Satisfaction [quis (version 7.0: University of Maryland  
Human–Computer Interaction Lab, College Park, MD, 
U.S.A.)], a validated tool designed to assess a user’s sub-
jective satisfaction with a human–computer interface22. 
Allowing for modification based on appropriateness, 19 of 
the 27 quis items in four sections were used for the pres-
ent study. Each item was measured on a 9-point general  
dislike–like Likert scale, where 1 represented “greatly  
dislike” and 9 represented “greatly like.”

Group differences for continuous variables were ex-
amined using t-tests. Proportions were compared using the 
Fisher exact test. Pre- and post-module assessments were 
compared using paired t-tests. All tests were 2-sided. The 
SAS software application (version 9.4: SAS Institute, Cary, 
NC, U.S.A.) was used for the data analysis.

RESULTS

Study Participants
Of 56 eligible trainees, 18 participated in the study (re-
sponse rate: 32%). Table i summarizes the participant 
training experiences. The range in postgraduate (pgy) ex-
perience was year 1 of a 5-year radiation oncology residency 
to year 2 of a 2-year fellowship. That variable was dichot-
omized as “junior” (pgy 1–3, n = 8) and “senior” (pgy 4–5 
and fellows, n = 10). At the time of the study, 9 participants 
(50%) had had at least 1 postgraduate clinical rotation in 
lung cancer. More than half the study participants (n = 10) 
had some prior experience with e-learning.

Knowledge Acquisition
Knowledge acquisition was assessed using the pre- and 
post-tests, in which participants could achieve a maximum 
total score of 25. Overall, knowledge test scores increased 
significantly after the e-module by an average of almost 
11%. The more senior participants demonstrated higher 
knowledge scores from pre- to post-test, with an average 
knowledge increase just under 15% (p < 0.01). The junior 
participants improved by an average of only 6%, an  
increase that was not statistically significant. Comparing 
pgy groups, more senior participants than junior par-
ticipants demonstrated increased improvement in their 
knowledge scores (100% vs. 63% reported increased scores 
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from pre- to post-test), although that increase was not 
statistically significant. Participants who completed the 
hf e-module had a significant increase in their knowledge 
score (56% pre vs. 70% post, p = 0.02); those who completed 
the lf e-module had a nonsignificant increase to 64% from 
56% (p = 0.12). Table ii summarizes the results.

The 19 items of the modified quis were organized into 
four sections: overall user reaction, overall screen inter-
face, terminology and system information, and learning. 
Table iii summarizes the average mean scores of the items 
within each of the four sections of the quis overall and by 
e-module type and previous experience of e-learning.

The overall average quis rating was 7.3 (out of 9) sug-
gesting that participants were fairly satisfied with the user 
interface of the e-module. The section rated the highest 
was section 3, system issues (7.8 ± 0.8), and the lowest-rated  
section was section 1, overall user reactions (6.5 ± 1.4).

In observing mean scores across all sections of the 
quis, differences were evident when comparing e-module 
type and prior exposure to e-learning. Participants in the 
lf group gave an overall mean score of 7.7; the hf group 
scored the interface at 7.0. When comparing mean scores 
by section, each section was scored higher by partici-
pants in the lf group than by those in the hf group, with 

the largest margin of difference being that for section 4, 
learning, which assessed participant satisfaction with the 
intuitiveness and adaptability of the interface. The mean 
scores given by the lf and hf participants differed by more 
than 1 point (8.2 ± 1.0 vs. 6.9 ± 1.7).

DISCUSSION

As an educational format, e-learning is viable for inte-
gration into radiation oncology training. Knowledge gain 
might, however, be better supported by hf e-modules, and 
careful attention to best practices in user interface design 
is needed.

The flexibility afforded by e-learning is well document-
ed in the literature3,23. By implementing such a resource 
formally in the residency curriculum, likely as a pre-rotation 
tool, clinical interaction can potentially be maximized, 
because learners can master the “basics” offline in a self- 
directed manner.

A commonly noted apprehension of clinical faculty in 
the adoption of cbme is the burden of frequent individual-
ized assessment and feedback20,24,25. The content created 
for the development of the e-modules was comprehensive, 
and it addressed the current curricular objectives for early- 

TABLE I Training and e-learning experiences by module type

Module type Postgraduate year Participants (n) Lung rotation [n (%)] e-Learning experience [n (%)]

High fidelity Junior (1–3) 4 1 (25) 1 (25)

Senior (4–5 or Fellow) 6 4 (67) 4 (67)

Overall 10 5 (50) 5 (50)

Low fidelity Junior (1–3) 4 1 (25) 2 (50)

Senior (4–5 or Fellow) 4 3 (75) 3 (75)

Overall 8 4 (50) 5 (63)

TABLE II Multiple-choice knowledge test scores (maximum score: 25)

Variable Participants
(n)

Testing relative to module p
Value

Increased
total score

[% (95% CI)]Before After

(mean) (%) (mean) (%)

Module type

High fidelity 10 14.1±3.8 56.4 17.4±4.3 69.6 0.018 80 (44–97)

Low fidelity 8 14.0±4.0 56.0 16.1±3.9 64.4 0.117 88 (47–100)

p Value 0.958 0.525 >0.999

Postgraduate year

Senior (4–5, or Fellow) 10 15.3±2.9 61.2 19.0±3.2 76.0 0.003 100 (69–100)

Junior (1–3) 8 12.5±4.4 50.0 14.1±3.5 56.4 0.284 63 (24–91)

p Value 0.123 0.007 0.069

Prior clinical rotation in lung

Yes 9 16.2±2.3 64.8 18.9±2.3 75.6 0.034 89 (52–100)

No 9 11.9±3.8 47.6 14.8±4.5 59.2 0.060 78 (40–97)

p Value 0.01 0.027 >0.999

Overall 18 14.1±3.8 56.4 16.8±4.1 67.2 0.003 83 (59–96)
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stage lung cancer management in Radiation Oncology at 
Princess Margaret Cancer Centre (which would other-
wise have been delivered in a didactic teaching model). 
Once the approach is validated, offloading some of the 
traditional didactic teaching from the immediate clinical 
environment to e-learning might be a reasonable potential 
consideration, thus creating time to focus on assessment 
and feedback. In overall effectiveness, e-learning is gen-
erally comparable with more traditional approaches5; 
but, implemented across a training program, robust and 
tailored e-learning resources have the potential to contrib-
ute to standardization of experience in training, lessening 
reliance on clinical faculty to convey the foundational 
knowledge of the field and also mitigating other limitations 
(such as scheduling challenges) inherent in face-to-face 
synchronous educational approaches3. The addition of 
e-learning could also facilitate improved resource-sharing 
across education centres and training programs.

Resource implications in establishing and maintain-
ing e-learning resources, including managing changes in 
software and the rapid pace of new scientific knowledge, 
cannot be ignored, but should be contextualized in light of 
faculty time savings and the enduring nature of many of the 
resources. Development and maintenance of e-learning  
modules can be centralized, handled on a rotating basis, 
or divided between multiple programs or educators, while 
benefiting a high volume of trainees. For similar reasons, 
there is additional potential to explore engagement of 
professionals in related disciplines (for radiation oncol-
ogy, those disciplines might include radiation therapy or 
medical physics), both to enrich the scope of the content 
and to build interprofessional education and collaboration 
opportunities26. Greater integration of e-learning strate-
gies into training curricula will increase familiarity with 
common tools and functionality. In the present study, 
participants with prior e-learning experience rated the 
system as more intuitive than did those without such 
experience. Similarly, attention should be paid to avoid 
compromising the educational value of e-learning with 
complex technological requirements.

No qualitative data were collected; that aspect was 
beyond the scope of the study. However, participant feed-
back detailed some of the drawbacks of e-learning, such 
as a sense of isolation arising from a lack of engagement or 
interactivity with faculty and other learners, which is nei-
ther entirely novel criticism nor an insurmountable issue 
with the learning format27–29. With appropriate monitoring 
and facilitation from educators or clinical faculty, inter-
active forums or other opportunities for communication 
can be incorporated into e-learning to further heighten 
the interactivity explored in the present study through 
videos, quizzes, and hands-on clinical exercises. Such 
tools have been incorporated (with documented success) 
in developing fields such as moocs (massive open online 
courses), like those provided by Coursera (Mountain View, 
CA, U.S.A.)30,31.

Limitations of the present study include its small sam-
ple size, the magnitude of difference between the lf and hf 
e-modules, and the isolated nature of the e-learning expe-
rience. Although a response rate of one third of the trainees 
agreeing to participate should be considered acceptable 
(and the demographics were considered reasonable when 
compared with the study population), it is possible that 
the voluntary participation model conferred a selection 
bias—in that those who agreed to participate might have 
been more receptive to e-learning or more engaged in the 
clinical content area.

No measures were taken to control potential collegial 
cross-contamination of the pre- and post-test assessments; 
however, our study was optional and had no effect on pro-
gram assessment for the trainees. Thus, there would be 
little motivation to share content. Given that the strength 
of e-learning is thought to be in its role as a strategy that 
complements other curricular elements, assessing it in 
isolation from the clinical experience and interaction with 
faculty limits the insights that can be gleaned. Additionally, 
improvements in knowledge acquisition were found to be 
statistically significant only in senior trainees, which might 
be a result of their having had more experience. Most would 
have completed a lung rotation and would potentially be 

TABLE III Scores on the modified Questionnaire for User Interaction Satisfaction

Variable Participants
(n)

Mean score by sectiona

1
(6 items)

2
(4 items)

3
(5 items)

4
(4 items)

Overall
(19 items)

Module type

High fidelity 10 6.2±1.4 7.4±0.7 7.6±0.8 6.9±1.7 7.0±0.9

Low fidelity 8 7.0±1.3 7.8±0.7 8.0±0.9 8.2±1.0 7.7±0.9

p Value 0.251 0.292 0.326 0.076 0.128

Previous exposure to e-learning

Yes 10 6.8±1.6 7.5±0.6 7.8±0.8 8.0±1.5 7.5±1.0

No 8 6.3±1.2 7.5±0.9 7.8±0.8 7.0±1.5 7.1±0.9

p Value 0.509 0.926 0.962 0.209 0.448

Overall 18 6.5±1.4 7.5±0.7 7.8±0.8 7.4±1.5 7.3±0.9

a  1: overall user reactions (satisfaction, stimulation, ease); 2: screens (layouts, sequence, and so on); 3: terminology or system information (com-
munication with user); 4: learning (intuitiveness, adaptability to interface).
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able to infer more information from the modules based 
on prior clinical experience. Although the results did not 
demonstrate the same improvement for the junior trainees, 
that is not to say that an e-learning experience would not 
be beneficial for knowledge acquisition. When to integrate 
e-learning resources in a clinical training program for 
optimal learning is unknown; however, the present work 
constitutes proof-of-principle with respect to the format 
itself and the basic content, which should provide a start-
ing point for future work, which could then better inform 
integration of e-learning strategies into a comprehensive 
cbme curriculum.

In providing e-learning resources in an enduring 
learning management system, trainees would have the 
advantage of being able to access information as personally 
required. Future studies could also be designed to collect 
data about the time and costs of developing such resources 
for a cost–benefit comparison of blended education models.

CONCLUSIONS

The hf version of e-learning had a greater impact on knowl-
edge acquisition, and participants in both the hf and lf 
groups expressed satisfaction with the user interface. The 
use of e-learning in a competency-based curriculum could 
have educational advantages, and the expressed benefits, 
drawbacks, and preferences for e-learning integration 
should be explored further.
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