ORIGINAL ARTICLE
The development and evaluation of an online educational tool for the evidencebased management of neck pain by chiropractic teaching faculty

Objective: To develop an online, interactive educational tool to deliver an evidence-based clinical practice guideline to
faculty members at a Canadian chiropractic college. Second, to evaluate the learning, design, and engagement
constructs of the tool in a sample of chiropractic faculty members.
Methods: Using an integrated knowledge translation methodology and the Knowledge to Action Framework, we
developed an evidence-based online learning tool. The context of the tool focused on a clinical practice guideline on the
management of neck pain. We evaluated the learning, design, and engagement constructs in a sample of faculty
members and residents using the Learning Object Evaluation Scale for Students. Participants were also asked to provide
suggestions for improvement of the tool.
Results: Sixteen participants completed the evaluation. Most (68.8%) participants were chiropractors, 75% were male
and 56% were between the ages of 25 and 44 years. At least 75% of participants agreed that the learning, design, and
engagement constructs of the learning tool were adequate. The open-ended suggestions unveiled 3 pedagogical themes,
relating to multimedia, thinking skills, and learner control, within the tool that could beneﬁt from further development.
These themes informed recommendations to improve the tool.
Conclusion: Our online, interactive, module-based learning tool has sound pedagogical properties. Further research is
needed to determine if its use is associated with a change in knowledge.
Key Indexing Terms: Pedagogy; Clinical Practice Guideline; Chiropractic; Online Learning
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INTRODUCTION
Musculoskeletal conditions, such as back and neck
pain, are primary reasons for accessing chiropractic care.1
Back and neck pain result in millions of days of sick leave
and contribute to signiﬁcant direct and indirect health care
expenditures.2,3 One approach used to improve care
delivery and expenditures is the implementation of clinical
practice guidelines. Evidence-based practice can improve
quality of care, reduce health care expenditure, and
increase patient safety.4 However, the use of clinical
practice guidelines is suboptimal in many health care
professions, including chiropractic.2,3,5–9
One method to improve the uptake of research into
practice by the next generation of chiropractors is to
develop high-quality education programs that integrate
new evidence into teaching curriculum. Similarly, evidence-based clinical training is a known facilitator of
postgraduate acceptance of new evidence.5,10,11 Therefore,
ensuring that chiropractic faculty members are informed of
new research and clinical practice guidelines will make

certain that students receive an up-to-date evidence-based
education.
Educating faculty can be challenging because of both
intrinsic and extrinsic factors that can affect teaching and
learning. Intrinsic factors include elements that are
‘‘internal’’ to the learner, such as motivation.12–15 On the
other hand, extrinsic factors involve elements that are
‘‘external’’ to the learner, such as time and cost.12–15
Therefore, using optimal methods to educate faculty
members is essential to facilitate the understanding and
application of new knowledge. Traditional methods of
learning are time consuming, can be expensive, and require
learners to attend sessions in person. Comparatively,
online learning allows learners to access information at
any time, from any location, and often at a lower cost.16–18
Online learning can be presented through various tools
and digital platforms, including computers, smartphones,
or tablets, and can be used synchronously and asynchronously.19,20 A well-developed online learning tool provides
several advantages to learners, including (1) improved
accessibility (anywhere, anytime), (2) tailored instructions
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METHODS
Tool Development
We formed a Knowledge User Advisory Committee27
to advise on the development and structure of the learning
tool and the barriers and enablers to implementing a new
educational intervention (eg, perceptions of new learning
tools within this population and suggestions on how to
overcome these barriers) and to provide poststudy
involvement advice on the dissemination of the study
results. The committee included 9 members: 6 chiropractors (1 clinician, 1 teaching faculty member, 2 department
administrators, 1 PhD student, and 1 CMCC chiropractic
resident) and, additionally, 1 medical doctor, 1 department
administrator (dean of undergraduate education) and 1
information technology specialist.
We developed the tool using an integrated knowledge
translation (KT) approach. KT refers to the exchange,
synthesis, and ethically sound application of knowledge to
improve health and provide effective services in health
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care.28 Additionally, we adopted the Knowledge to Action
(KTA) Framework29 to guide the phases of the project.
The KTA Framework is a conceptual framework,
developed by Graham et al,29 intended to guide the
process of KT through a cycle of steps. For the purposes of
this study, we focused on the ﬁrst 4 steps of the KTA cycle:
(1) identify the problem and select knowledge, (2) adapt
knowledge to local context, (3) assess barriers to knowledge use, and (4) select, tailor, and implement interventions (Fig. 1).30 The framework includes 3 additional steps:
monitor knowledge use, evaluate outcomes, and sustain
knowledge use. These steps were beyond the scope of this
present study; however, we recommend that they be
addressed in future research.
The ﬁrst step of the framework includes identifying the
problem and selecting knowledge. CMCC expressed their
interest in implementing clinical practice guidelines into
their curriculum; but were interested in ﬁrst learning which
methods might be most appropriate to disseminate the
guideline to their faculty members. Next, we selected a
guideline on the management of neck pain, as it is a
common complaint that chiropractors treat.31 We selected
the neck pain guideline by the OPTIMa Collaboration32 to
be the topic for our learning tool. We chose this guideline
because of its high methodological quality.33,34 Above all,
our objective was to create a generic learning tool whereby
the guideline topic could be substituted but the foundational pedagogical properties of the intervention would
remain.
The second step includes adapting knowledge to the
local context. As part of this larger study, we conducted a
systematic review of the literature to determine the
effectiveness of technology-based learning tools to improve
knowledge of clinical practice guidelines for health care
professionals.23 Our review included studies investigating
the effectiveness of any technology-based learning tools
developed to improve knowledge of health care providers
(eg, physicians, residents, and nurses) about clinical
practice guidelines. The systematic review provided us
with evidence for the best format to use for our learning
tool. We synthesized the evidence from methodologically
valid studies using best-evidence methodology.35,36 The
evidence suggests that spaced education may be associated
with improvement in knowledge; however, its effectiveness
relative to other interventions has not been established.37,38
Similarly, module-based online educational interventions
may be associated with improvement in knowledge of
clinical practice guidelines; however, these interventions
may not be more effective than paper-based self-learning
or in-person workshops.39–42
We then applied pedagogical theories and principles to
inform the design of the learning tool. We focused on
theories and principles relevant to educational motivation
(intrinsic and extrinsic factors inﬂuencing participation in
learning).43,44 We focused on this concept because it was a
recurring issue discussed by the Advisory Committee and
an important issue identiﬁed from the literature for a
variety of health care professions.19,22,45,46
In the third step, we consulted the Advisory Committee
(in-person meeting) to explore potential barriers to
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to meet the needs of speciﬁc audiences, and (3) customizable delivery method that include text animated graphics,
audio, and games.19–22 Finally, online learning tools allow
for more complex features, such as immersive simulated
environments.20,22 Nevertheless, online learning tools can
be challenging to develop and implement. They require
signiﬁcant development resources, technical expertise, and
pedagogical knowledge.
We previously conducted a systematic review of the
literature to determine the effectiveness of online learning
tools designed to improve knowledge of clinical practice
guidelines by health care providers.23 We found preliminary evidence suggesting that spaced education in combination with a game or case studies, as well as evidence
toward the use of module-based education, are associated
with improving knowledge of clinical practice guidelines.
Additionally, previous systematic reviews identiﬁed that
online learning tools are at least as effective as traditional,
in-person modes of learning for improving knowledge.4,24–26 Furthermore, studies of various online learning
methods (such as websites, Web-based workshops, and
electronic educational games) that aim to increase knowledge, change clinical behaviors, and improve patient care
have been conducted.4,24–26 Overall, these studies suggested that learning tools that incorporate an evidence-based
design may stand as a promising method to train clinicians
about clinical practice guidelines.4,21,22 However, these
methods deserve further investigation.
We aimed to create an online learning environment that
facilitated the acquisition of new evidence-based knowledge by educators at the Canadian Memorial Chiropractic
College (CMCC). Our study had 2 speciﬁc objectives: ﬁrst,
to develop an online, interactive module-based learning
tool to educate faculty members at the CMCC about the
evidence-based management of neck pain using a clinical
practice guideline and, second, to evaluate the pedagogical
constructs (learning, design, and engagement) of the
learning tool and develop recommendations for its further
development.

successful implementation of continuing education programs and learn about their views with online learning.
For example, ‘‘What is important to you when accessing
online material/media? Are there certain visual characteristics you tend to be drawn to?’’ The comments from this
meeting were audio recorded. Following the meeting, we
categorized the comments by pedagogical themes and
concepts. These categories informed the development
phase of the learning tool.
Finally, the fourth step of the framework includes
selecting, tailoring, and implementing the intervention.
Using the information collected in the ﬁrst 3 steps, we
developed an online, interactive learning tool aiming to
translate information from the clinical practice guideline32
into a series of interactive, asynchronous learning modules.
The tool included 6 short modules (3 Web pages/module),
each focusing on a component of the clinical practice
guideline (Fig. 2). The ﬁrst page of each module outlined
the learning outcomes. The second page provided the
learners with instructions for completing the module, the
learning content, links to external resources, and the main
‘‘take-home’’ messages. The last page provided a short selfevaluation of knowledge (multiple-choice quizzes and
feedback). The last section of the tool included 3 clinical
case studies of patients with neck pain. A member of the
advisory committee developed the case studies from their
own clinical experiences. The purpose of the case studies
was to reiterate the use of the guideline using a real patient
example.
To tailor the learning tool to our end users (faculty), the
Advisory Committee provided feedback on the design of
the learning tool through a series of 5 online surveys
between June and November 2017. Using an online survey

software (SurveyMonkey, San Mateo, CA), the research
team sent the Advisory Committee links to portions of the
learning tool as well as a link to a survey to provide
guidance and feedback. Survey questions were developed
in association with pedagogical theories and/or principles
that helped formulate the development of the learning tool.
For example, ‘‘Did you ﬁnd this section of the learning
tool user-friendly? If yes, what made you feel this way? If
no, please explain why not.’’ This question can be linked to
the pedagogical concept of usability (usability ! navigation and scrolling ! learner control).
Evaluation of the Tool
We implemented our learning tool to faculty members
at CMCC and conducted an evaluation to gain feedback
on its pedagogical quality. The evaluations collected in this
phase would provide guidance to amending the tool where
necessary.
Study Design and Sample
Eligible participants included all faculty members
employed at CMCC between February 1 and May 31,
2018 (n ¼ 127) regardless of teaching focus (eg, anatomy,
clinical education, graduate studies). Members of the
Knowledge User Advisory Committee were not eligible
to participate. All participants completed an online
informed consent form prior to participation. This study
was approved by the University of Ontario Institute of
Technology and the Canadian Memorial Chiropractic
College research ethics boards.
We recruited faculty members using 3 strategies: (1) emails from department administrators, (2) an online
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Figure 1 - Steps used to develop and evaluate the online educational tool

posting on CMCC’s learning management system (LMS),
and (3) face-to-face interactions. Recruitment e-mails were
sent from the department administrators to faculty
members and teaching assistants/residents. The e-mails
included an information letter describing the study and
information regarding participation. An invitation to
participate was posted on CMCC’s LMS. The platform
includes a page from the Ofﬁce of Research Administration to track, report, and deliver information about
upcoming research and resources to faculty members and
staff. The invitation to participate included an information
letter as well as a direct link to the study, contact
information, and ethics details. Finally, we actively
recruited participants through face-to-face interactions
during formal and informal meetings.
During active recruitment (face-to-face interaction),
those who had begun participating informally reported
that it was taking too much of their time to complete of the
6 modules. Therefore, we reduced the length of the tool
from 6 modules to 1 on April 27, 2018. This modiﬁcation
aimed to minimize the burden on participants and reduced
completion time from 30 to approximately 10 minutes. We
also reduced the number of case studies from 3 cases to 1.
Data Collection
Participant Characteristics
We collected demographic and professional characteristics using an online baseline questionnaire that included:
(1) age and gender, (2) years of experience in the
chiropractic profession, (3) years of experience in a
chiropractic teaching role, (4) number of hours worked
per week at CMCC, (5) department or division, (6)
98

familiarity with the neck pain guideline, (7) experience
with technology-based learning tools, and (8) self-rated
proﬁciency with computers.
Outcome Measure
Following completion of the tool, participants were
asked to evaluate the tool by completing the Learning
Object Evaluation Scale for Students (LOES-S). The
LOES is a 13-item self-reported questionnaire that
evaluates the impact the tool has had on their learning
experience. This impact is categorized into 3 constructs:
learning, design, and engagement.47 The learning construct
consists of 5 items (eg, working with the tool helped me
learn, the feedback from the tool helped me learn). The
design construct consists of 4 items (eg, the help features in
the tool were useful, the instructions in the tool were easy
to follow). Finally, the engagement construct consists of 4
items (eg, I like the overall theme of the tool, I found the
tool engaging).
The psychometric properties of the tool were measured
in 2 separate studies:47,48 the ﬁrst in middle and secondary
school students (10–22 years old) for any subject
appropriate for their respective curriculums48 and the
second in middle and secondary school students (11–17
years old) for math and science.47 Both studies evaluated a
variety of online learning tools involving experimentation,
virtual manipulatives, task-based applications, and formal
representation of concepts.47,48 Adequate internal reliability was demonstrated based on Cronbach’s a: .93
(learning), .87 (design), and .92 (engagement). Each
construct measured was distinct (correlation between
learning and design: r ¼ .71, p , .001; correlation between
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Figure 2 - The learning tool. Top left are the learning outcomes. Bottom left is the learning content. Top right is the self evaluation.
Bottom right is the clinical case study evaluation.

Analysis
LOES-S
We report the distribution of responses to the 13 items
of the LOES to describe participants’ evaluation of the
learning, design, and constructs of the tool. Participants
who reported a score of 4/5 (agree) or 5/5 (strongly agree)
were classiﬁed as agreeing with the item. Those who
reported a score of 2/5 (disagree) or 1/5 (strongly disagree)
were classiﬁed as disagreeing. A score of 3/5 was classiﬁed
as a neutral evaluation. We calculated the median
evaluation scores and interquartile ranges for each item.
Median scores less than 4 determined a need for
improvement. The analysis was conducted using SPSS
Statistics Version 24 (IBM Corp, Armonk, NY).
Open-Ended Suggestions
We performed a content analysis of the suggestions
provided by participants. Comments provided by participants were separated into individual statements (if more
than 1 distinct suggestion was provided). For example,
‘‘There could have been more graphics, and the quiz
questions were a bit easy.’’ This statement was separated
into 2 distinct comments: (1) ‘‘There could have been more
graphics’’ and (2) ‘‘The quiz questions were a bit easy.’’
Three investigators independently completed a content
analysis worksheet where they were asked to match each
individual comment to the most relevant pedagogical

theme. Investigators were provided with a list of pedagogical themes, including their deﬁnitions, to select from.
Pedagogical themes included coherence, contiguity, learner
control, multimedia, personalization, practice, segmenting,
and thinking skills. These themes were selected as they
were used as a guide during the development of the
learning tool. Investigators completed a discussion-based
consensus. Results were stratiﬁed by recurring pedagogical
themes used as references throughout the development
phase of the learning tool.

RESULTS
Twenty-eight faculty members participated (28/127,
22%). Twelve participants who started the study did not
complete the evaluation questionnaire (completed the
baseline questionnaire only); therefore, our sample includes 16 participants who completed the baseline questionnaire and LOES-S evaluation.
Sample Characteristics
Most participants were male (12/16; 75%) and between
the ages of 25 and 44 years (9/12, 56.3%) (Table 1). Most
(11/16, 68.8%) reported that their highest level of
education was a doctor of chiropractic (DC) degree, and
62.5% (10/16) reported no experience with the development of a clinical practice guideline.
Our sample included approximately 13% of the eligible
population. A census of CMCC faculty during the 2017–
2018 academic year suggests that more employees were
male (57%), the average age was 46 years, and a majority
(63%) reported their highest level of education to be a DC
degree (Faculty demographics provided by CMCC,
August 2018). Although the demographic characteristics
of these census data were limited, the presented characteristics seem to be like those who participated in this study.
Twelve participants completed the baseline questionnaire only (Table 1). The differences between participants
who completed the study (baseline questionnaire and
LOES-S evaluation) and those who completed the baseline
questionnaire only may have led to attrition bias. For
example, differences between groups regarding years of
experience in a chiropractic teaching role (Table 1) may
have inﬂuenced the overall evaluation of the learning tool
if they had not been lost to follow-up.
Learning Object Evaluation Scale Constructs
Learning
All items had a median score of 4/5 (Table 2). One
participant disagreed with item #4—‘‘The tool helped
teach me a new concept’’—and 3 participants scored this
item as neutral. Three participants scored item #3—‘‘The
graphics and animations from the tool helped me learn’’—
as neutral.
Design
All items within this construct had a median score of 4/
5 (Table 2). One participant disagreed with item #7—‘‘The
instructions in the tool were easy to follow’’—item #8—
‘‘The tool was easy to use’’—and item #9—‘‘The tool was
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learning and engagement: r ¼ .76, p , .001; correlation
between engagement and design: r ¼ .65, p , .001).
Convergent validity correlations ranged from 0.36 to 0.65,
demonstrating a moderate degree of consistency between
student and teacher evaluations. The correlation between
the evaluation scale and learning performance was assessed
in 4 categories—learning: remembering r ¼ .01, understanding r ¼ .11, application r ¼ .16 (p , .005), analysis r ¼
.37 (p , .001); design: remembering r ¼ .08, understanding r ¼ .04, application r ¼ .12 (p , .05), analysis r ¼ .30 (p
, .005); engagement: remembering r ¼ .04, understanding r ¼ .01, application r ¼ .016 (p , .005), analysis r ¼ .31
(p , .005).
We selected this outcome measure because of its focus
on the student-centered constructs of learning with the tool
rather than an evaluation of knowledge. This focus
coincided with the primary stages of development of the
KTA cycle.30 Alternate evaluation tools focus on the
development and design of the learning tool and miss the
impact that the learning tool has on the learner.47 This
perspective is particularly important, as it has a direct
relationship to knowledge gained through the use of the
tool.47
We modiﬁed the language of the LOES-S. Speciﬁcally,
we changed the original term ‘‘learning object’’ to
‘‘learning tool.’’ This was made to limit any confusion by
users because the term ‘‘learning object’’ is not widely used
in this population. Additionally, we included 1 open-ended
statement to ask participants to provide suggestions to
improve the tool. Speciﬁcally, participants were asked,
‘‘Please provide any suggestions you may have to improve
this technology-based learning tool.’’

Table 1 - Demographic Characteristics
Completed Baseline
Survey Only
(n ¼ 12) (%)

Characteristic

Completed
Evaluation Surveys
(n ¼ 16) (%)

Total
Eligible Population
(n ¼ 127) (%)

9 (56.3)
7 (43.8)

Mean 46 (SD 10.07);
minimum 26, maximum 77

12 (75)

73 (57)

11 (68.8)
5 (31.3)

80 (63)
47 (37)

10 (62.5)

—a

8 (50)

—

14 (87.5)

—

3.8 (0.931)

—

12 (75)
4 (25)

—
—

5 (31.3)
11 (68.8)

—
—

a

—, no data available.
NRS, numeric rating scale.

Table 2 - Learning Object Evaluation Scale for Students (LOES-S) Results
LOES-S Items (n ¼ 16)
Learning
1. Working with the tool helped me learn
2. The feedback from the tool helped me learn
3. The graphics and animations from the tool helped me learn
4. The tool helped teach me a new concept
5. Overall, the tool helped me learn
Design
6. The help features in the tool were useful
7. The instructions in the tool were easy to follow
8. The tool was easy to use
9. The tool was well organized
Engagement
10. I like the overall theme of the tool
11. I found the tool engaging
12. The tool made learning fun
13. I would like to use the tool again

Agreea
(n) (%)

Neutralb
(n) (%)

Disagreec
(n) (%)

Mediand
(IQR)

16
15
13
12
16

(100)
(93.8)
(81.3)
(75)
(100)

0
1
3
3
0

(0)
(6.3)
(18.7)
(18.7)
(0)

0
0
0
1
0

(0)
(0)
(0)
(6.3)
(0)

4
4
4
4
4

(1)
(0)
(1)
(2)
(1)

12
12
15
14

(75)
(75)
(93.8)
(87.5)

4
3
0
1

(25)
(18.7)
(0)
(6.3)

0
1
1
1

(0)
(6.3)
(6.3)
(6.3)

4
4
4
4

(1)
(1)
(0)
(1)

15
15
13
13

(93.8)
(93.8)
(81.3)
(81.3)

0
1
3
2

(0)
(6.3)
(18.7)
(12.5)

1
0
0
1

(6.3)
(0)
(0)
(6.3)

4
4
4
4

(1)
(0)
(0)
(0)

a

Evaluation of 4 or 5 (agree or strongly agree) was classified as ‘‘agree.’’
Evaluation of 3 (neutral) was classified as ‘‘neutral.’’
c
Evaluation of 1 or 2 (disagree or strongly disagree) was classified as ‘‘disagree.’’
d
Overall median score less than 4.0 on a 5-point Likert scale (minimum score of 1, maximum score of 5) determined a need for improvement.
IQR, interquartile range.
b

100
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Age (y)
25–44
6 (50)
45–74
6 (50)
Sex
Male
12 (100)
Degrees
DC
9 (75)
Other (MD, PhD, master’s degree, other)
3 (25)
Previous experience with clinical practice guidelines development
No
12 (100)
Previous experience with technology-based learning tools
No
8 (66.7)
Proficiency with computers
Yes
11 (91.7)
Rating of knowledge of OPTIMa neck pain guideline
Mean (SD) NRS 1–5 rating
3.2 (0.937)
Years of experience in a chiropractic teaching role
1–10 y
6 (50)
More than 10 y
6 (50)
Hours per week dedicated to teaching role
1–10 h
5 (41.7)
More than 10 h
7 (58.3)

Table 3 - Suggestions From Participants (Open-Ended Question Following Learning Object Evaluation Scale for
Students)
Please provide any suggestions you may have to improve this technology-based learning tool
Count

Pedagogical
Theme

The ‘‘next’’ button leading to the next quiz question was not located in an intuitive location
on the screen
Missing home/menu page (layout, flow of content, accessibility)
There could have been more graphics
Include more contrasting colors
Videos would be more engaging than reading
The quiz questions were a bit easy
I found the single-answer questions misleading
There could have been a more exciting case

3

Learner control

3
2
1
1
1
1
1

Learner control
Multimedia
Multimedia
Multimedia
Thinking skills
Thinking skills
Thinking skills

well organized.’’ Four participants scored item #6—‘‘The
help features in the tool were useful’’—as neutral, and 3
participants scored item #7 as neutral.
Engagement
All items within this construct had a median score of 4/
5 (Table 2). One participant disagreed with item #10—‘‘I
like the overall theme of the tool’’—and item #13—‘‘I
would like to use the tool again.’’ Three participants scored
item #12—‘‘The tool made learning fun’’—as neutral, and
2 participants score item #13 as neutral.
Feedback from Participants
We received 23 comments. Ten comments were
removed from the content analysis for the following
reasons: (1) 6 entries included no suggestions (eg, no
comment or n/a), (2) 1 comment related to enjoying the
tool but provided no suggestions for improvements, (3) 1
comment pertained to difﬁculty experiencing clicking on a
button within the tool, (4) 1 comment pertained to the
baseline questionnaire, and (5) 1 comment was from a
participant who participated more than 1 time (only their
ﬁrst comment was included in the analysis to limit
information bias). Thirteen comments remained and were
included in the content analysis.
Three pedagogical themes were identiﬁed during this
analysis: learner control, multimedia, and thinking skills
(Table 3). The 2 most frequently occurring comments (n ¼ 6)
were regarding the pedagogical theme of learner control.
Participants wanted more control over the pace of the
learning tool. Comments regarding multimedia (n ¼ 4)
emerged regarding graphics, colors, and the inclusion of
more videos. Finally, the thinking skills theme comments (n¼
3) were in regard to the evaluation components of the learning
tool (quizzes and case studies). Participants suggested these
components should be more exciting/challenging.
Suggested Revisions to Learning Tool
Based on the suggestions from participants (open-ended
suggestions) and LOES-S quantitative evaluations, the
following revisions are recommended for the further

development of the learning tool for this population. To
our knowledge, pedagogically focused recommendations
for the further development of technology-based learning
tools to improve health care–focused knowledge of health
care professionals has not been provided elsewhere.
The following recommendations were developed to
directly reﬂect the pedagogical themes derived through the
content analysis as previously described. Recommendations are supported by the literature describing pedagogical theories and principles common to online or Webbased learning.
Recommendation #1: Include a wider variety of media
(eg, graphics and videos) to break up the text and keep
learners engaged.
‘‘There could have been more graphics and a more exciting
case.’’

Multimedia is a pedagogical design principle that emphasizes using a combination of text and graphics to provide
the learner with a richer learning experience.49 All media
should, however, be relevant to the learning material and
serve a speciﬁc purpose; graphics or animations for the
sole purpose of aesthetics are not recommended.49 This
recommendation also refers to the modality principle,
wherein presenting information in a narrative format
rather than text may be beneﬁcial to the learner.
Narration, however, should not be used to present long
and complex information.50
Recommendation #2: Consult content experts to ensure
that review material (eg, quizzes and case studies) is
appropriate for learners and the learning environment.
‘‘The quiz questions were a bit easy; the cases were good and
helpful to apply the knowledge.’’

The thinking skills pedagogical principle outlines the
cognitive processes learners use to accomplish tasks in a
learning environment, which are (1) generating new ideas
and perspectives; (2) applying, analyzing, synthesizing and
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Comments/Suggestions

evaluating information; and (3) awareness and analysis of
one’s thoughts.51 Learning tool components, such as
review quizzes and case study, allow learners to follow
these cognitive processes in order to apply new knowledge
more effectively. Consulting content experts ensures that
the review of components are appropriate for the learners
and the difﬁculty of the content. This allows for a more
adequate stepwise cognitive process to learn the new
concept or skill.
Recommendation #3: Include a main menu to allow
learners to control the sections of the learning tool they
wish to review or skip to.

Learner control is a pedagogical principle that describes
the degree of control a learner has over the learning
experience.52 Types of learner control include (1) content
sequencing: having control over the order of the course
material; (2) pacing: having control of the time spent on
each section of the lesson; and (3) access to learning
support: having the ability to access additional resources
to add to the learning experience.52 It is recommended that
asynchronous online learning incorporate some degree of
learner control. However, the degree of learner control is
directly related to the degree of difﬁculty and complexity
of the learning content, learners’ previous knowledge of
the subject matter, and learner metacognition.52 Therefore,
if the degree of difﬁculty and complexity is high, learners’
previous knowledge of the subject matter is low, and
learner metacognition is low, there should be a lesser
degree of learner control.

DISCUSSION
Our evaluation suggests that participants agreed that
our tool had adequate learning, design, and engagement
constructs. The open-ended feedback demonstrates 3
components of the tool that could beneﬁt from further
development. These open-ended evaluations are supported
by 3 pedagogical themes: learner control, multimedia and
thinking skills.
To our knowledge, we developed and evaluated the ﬁrst
online learning tool for chiropractic faculty. However,
learning tool evaluations have been conducted in other
health care professions. We identiﬁed 3 studies that
evaluated online educational interventions in health care
providers.53–55 All 3 measured user satisfaction using a
Likert scale and open-ended questions.53–55 Two studies
provided recommendations for subsequent use of the
learning tools based on the satisfaction results.53,54
However, none of these studies referred to pedagogical
theories or principles regarding their users’ satisfaction.
Nevertheless, the technology-based learning tools were
evaluated favorably in the physician54,55 and nurse
practitioner53 populations. Our study is novel because we
evaluated user-centered constructs of the learning tool
rather than satisfaction with the tool. This evaluation
102

Strengths and Limitations
A strength of our study is the integrated KT approach
used to develop the tool.27 The design of the learning tool
was informed by 3 sources: (1) a Knowledge User Advisory
Committee, (2) a systematic review of the literature, and (3)
pedagogical theories and learning principles. This methodology ensured that the intervention was designed based on
informed sources and thorough evaluation. This methodology is also designed to increase the uptake and impact of
research ﬁndings by knowledge users beyond the scientiﬁc
scope of the study.27 The evaluation informed the creation
of recommendations for the further development of the
learning tool for this population. Additionally, the inclusion
of the open-ended question following the LOES-S complemented the quantitative evaluation and provided a more
complete understanding of the evaluation. Finally, we
implemented 3 recruitment strategies to maximize participation: multiple direct e-mails to eligible participants from
department leads, an internal LMS advertisement, and faceto-face active recruitment. We compared participation rates
on a weekly basis to understand recruitment strategy and
which strategy was most effective. Our data suggest that inperson active recruitment was most effective for this
population. This should be considered for future research
of this nature.
This study had limitations. The LOES-S is a valid and
reliable tool for use in the middle and high school
environments; however, we do not know its psychometric
properties for use in this health care provider/educator
population.47,48 Although this may be a limitation, there
are few evaluation tools designed to evaluate technologybased learning tools that focused on the impact on learners
compared to solely evaluating an outcome of the
educational intervention.47 Another limitation is the
potential for selection bias. It is unclear if those individuals
who participated in the study were representative of the
entire eligible CMCC faculty population, but basic
demographic characteristics of the eligible population
suggest that they may be similar. It is possible that those
who participated were more willing and/or interested in
adopting online learning education. Barriers to participation in educational interventions by health care professionals have been reviewed in the literature.8,56,57 The most
frequently occurring barrier to participation is a lack of
time. Other common barriers include incentives to
participation, ﬁnancial constraints, personal constraints
such as health status and motivation, lack of awareness of
educational activities, and job status (part-time versus fulltime).8,56,57
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‘‘Would have liked to see a home page or table of contents to
go back to review specific sections.’’

provided us with a descriptive evaluation of intrinsic and
extrinsic factors associated with learning. Pedagogical
theory and principles were incorporated into the design
of the tool as well as the development of recommendations
for its improvement. Finally, we did not incorporate the
ﬁnal steps of the framework to assess the impact of the tool
on the end user, the student. Future research should
continue through the ﬁnal steps of the framework to
determine its effectiveness following its implementation.
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