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Evaluation of three different methods of distance learning for postgraduate
diagnostic imaging education:
A pilot study

Jean-Nicolas Poirier, DC, Jeffrey R. Cooley, DC, Michelle Wessely, DC, Gary M. Guebert, DC, and Kristina Petrocco-Napuli, DC, MS

Objective: The purpose of this study was to evaluate the perceived effectiveness and learning potential of 3 Web-based
educational methods in a postgraduate radiology setting.
Methods: Three chiropractic radiology faculty from diverse geographic locations led mini-courses using asynchronous
discussion boards, synchronous Web conferencing, and asynchronous voice-over case presentations formatted for Web
viewing. At the conclusion of each course, participants filled out a 14-question survey (using a 5-point Likert scale)
designed to evaluate the effectiveness of each method in achieving specified course objectives and goals and their
satisfaction when considering the learning potential of each method. The mean, standard deviation, and percentage
agreements were tabulated.
Results: Twenty, 15, and 10 participants completed the discussion board, Web conferencing, and case presentation
surveys, respectively. All educational methods demonstrated a high level of agreement regarding the course objective
(total mean rating .4.1). The case presentations had the highest overall rating for achieving the course goals; however,
all but one method still had total mean ratings .4.0 and overall agreement levels of 70%–100%. The strongest potential
for interactive learning was found with Web conferencing and discussion boards, while case presentations rated very
low in this regard.
Conclusions: The perceived effectiveness in achieving the course objective and goals was high for each method.
Residency-based distance education may be a beneficial adjunct to current methods of training, allowing for
international collaboration. When considering all aspects tested, there does not appear to be a clear advantage to any
one method. Utilizing various methods may be most appropriate.
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INTRODUCTION

Chiropractic radiology residency training has tradition-
ally been performed through full-time programs affiliated
with chiropractic colleges or universities.1 In addition to
clinical, research, and teaching responsibilities, many
programs utilize face-to-face didactic educational confer-
ences and case-based laboratory sessions to guide residents
in training. While these sessions are an important
component of residents’ education, delivering them effi-
ciently can be a challenge for both faculty and residents,
especially if they are located at different sites. In addition,
some programs have too few radiology residents to
generate helpful peer-to-peer discussions or too few faculty
members available to lead these sessions. Distance
learning, or e-learning, has been postulated as a useful
complement to traditional teaching methods in profes-

sional residency programs,2 and there appears to be a high
level of acceptance using Internet-based sessions for
learning activities.3 With that in mind, a collaborative
approach between the chiropractic radiology residency
programs using e-learning technologies has been proposed
to resolve these challenges.

Multiple studies have demonstrated the efficacy of
computer-mediated teaching methods in medical residen-
cies based in the United States,4–6 in undergraduate
programs, or in continuing medical education,7–10 and in
several other countries.2,3,11 These latter studies have
implications for programs in remote regions of the world
or where access to experts in specific specialty areas is
limited.

However, there are still gaps in our knowledge: No
previously reported studies have evaluated the effective-
ness of postgraduate distance learning in chiropractic
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radiology residencies; there is still a need to investigate
learning effectiveness between different Internet-based
distance education formats;11 and no consensus has been
reached on the optimum format for distance learning
models within the various areas of professional residency
education.12

The primary purpose of this prospective, controlled
pilot study was to evaluate the perceived effectiveness of 3
different Web-based educational delivery methods by both
radiology residents (students) and chiropractic radiologists
(observers) in achieving the course objective and goals.
Additionally, the potential for educational interactions,
the perceived learning potential for each method, and key
logistical issues were evaluated.

METHODS

After obtaining approval from the New York Chiro-
practic College institutional review board to conduct this
study, we invited the chiropractic radiology community via
e-mail to take part. Specifically, invitations were sent to the
members of the American Chiropractic College of
Radiology (ACCR) and the members of the academic
committee of the ACCR, asking the latter to forward the
message to their radiology residents. Volunteer respon-
dents who agreed to participate in the study were divided
in two groups: residents (students) and radiologists
(observers). No other inclusion or exclusion criteria were
considered.

During a 6-week period, 3 experienced chiropractic
radiology faculty members from different geographic
locations led 3 diverse radiology mini-courses using
different distance learning methods. The courses, devel-
oped by each instructor, concentrated mainly on the
diagnostic evaluation of radiology cases, and they were

presented using a Web-based format. All courses shared
the same objective and goals (Figure 1). Instructors
received appropriate training by personnel of the host
college to use their respective computer-mediated Web
technologies. For each session, the residents were asked to
be the main participants while the radiologists would
observe the course without prompting responses or helping
residents. The inclusion of radiologists as observers in the
design of the research allowed for the comparison of data
from the students’ and the radiologists’ perspective.

The first instructor, located in Australia, directed a 4-
week course using an asynchronous discussion board
inside the learning management system (LMS) Desire2-
Learn (D2L, Desire2Learn Inc, Kitchener, ON, Canada).
A total of 7 forums were created based on 7 imaging cases,
during which the facilitator would ask the residents
individual and group questions to promote a student-
centered learning environment. The second instructor,
located in the United States, directed a 4-week course
using a synchronous (live) Web conferencing tool (GoTo-
Webinar, Citrix Online, Goleta, CA). This online applica-
tion allowed the instructor to facilitate live discussions of
radiology cases by the participants who could visualize the
computer screen of the facilitator and, using a microphone,
communicate verbally with all other participants. Invita-
tions to attend the live session were sent to the participants
by e-mail a few days before the conference. A total of 4
sessions lasting between 1.5 to 2 hours were held at 1-week
intervals. The third instructor, located in France, directed
a series of 4 asynchronous case presentations using voice-
over PowerPoint (Microsoft Office 2007, Microsoft Corp,
Redmond, WA). The presentations were converted to a
Flash (Adobe Systems Inc, San Jose, CA) format for Web
viewing. Each case presentation lasted approximately 20
minutes and demonstrated a series of skills used to analyze

Figure 1 - Course objective and goals.
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imaging findings and reach a correct differential diagnosis
or final diagnosis. A short didactic explanation of the
conditions followed each case presentation. This course
followed a self-directed format. It was not scheduled so
that participants could start and finish at any time. No
points/scores were tabulated for any of the 3 courses.

At the conclusion of each course, the participants were
sent an electronic link to an evaluation survey comprising
14 qualitative questions (Figure 2). The answers were rated
along a 5-point Likert scale (1 ¼ very ineffective or very
low to 5¼ very effective or very high). Each question also
displayed an option of ‘‘nonapplicable’’ or ‘‘don’t know’’
as a potential answer. The online survey instrument
application used was Zoomerang (MarketTools, San
Francisco, CA). The survey was designed to evaluate
several areas, including the perceived effectiveness of the
teaching and course delivery methods in achieving the
course objective (question 1) and goals (questions 2–7) and
the satisfaction rate for the use of the different educational
methods when considering the learning potential of each

session (questions 9–12). Additional questions were

inserted to evaluate the level of participation (question

8), the ease of use of the Web applications, and the

willingness of the participants to use these technologies in

future distance education courses (questions 13, 14). An

invitation to write short open-ended comments was

included at the end of the survey.

The survey was developed by consensus agreement

between 2 of the authors. One had over 5 years of

experience as a diagnostic imaging residency director,

while the other was a full-time chiropractic college

educator with multiple years of course delivery experience

in online education. The survey was sent to 1 additional

full-time diagnostic imaging faculty member at a chiro-

practic college for review. The comments provided by the

reviewer were used to edit the survey. The survey responses

were tabulated by a designated research person in the

Office of Institutional Quality Assurance in order to

maintain anonymity of the respondents.

Figure 2 - Survey questions 1–14 for students and observers.
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Survey responses were separated in different categories:
observers, students, and total (combined responses).
Measures of mean and standard deviation were tabulated.
Responses of 4 or 5 on the scale were considered ‘‘positive’’
for analysis. Because of the small number of participants
overall, statistical comparisons between methods were not
undertaken.

RESULTS

A total of 46 individuals (14 students, 32 observers)
demonstrated an interest in participating in the pilot study.
Thirteen students were located in the United States and
enrolled in 6 different programs. Another student was
located in New Zealand. All but 4 of the observers were
located in the United States, with 2 located in Canada, 1 in
England, and 1 in Australia. The inclusion of these latter
participants (and the international instructors) allowed the
researchers to consider the logistical issues of an interna-
tional audience as part of the project.

Thirty-one participants (14 students and 17 observers)
took part in the asynchronous online discussion board.
Nineteen (13 students and 6 observers) participated in 1 or
more synchronous Web conferences. The level of partic-
ipation for the asynchronous voice-over PowerPoint
presentations (number of downloads) was not made
available. The combined results for the 3 different
distance-learning education methods are displayed in
Table 1. Twenty participants (14 students, 6 observers),
15 participants (11 students, 4 observers), and 10
participants (8 students, 2 observers) completed the
discussion board, Web conferencing, and PowerPoint
presentations surveys, respectively. One observer did not
rate question 12 of the PowerPoint presentations survey,
and one student did not rate question 7 of the Web
conferencing survey. Although all 14 participants in the
asynchronous discussion sessions filled out the survey, only
a small number of these students fully participated during
the whole 4-week period, with some students participating
in only 1 case; however, all students would have been able
to continue to observe any of the sessions without directly
participating.

All educational methods demonstrated a high level of
agreement for effectively achieving the course/session
objective. The highest mean (4.45 for total participants)
was seen in the asynchronous discussion board method,
with overall agreement ranging from 86% to 100%.

Each method had a total mean rating of .4.0 for
questions 2–7 (exploring the effectiveness of the educa-
tional methods in reaching the goals of the course), with
one exception: question 6 for Web conferencing rated 3.93
overall. Overall agreement levels ranged from 70% to
100%. The lowest agreement percentage was for question 7
for the asynchronous discussion board, and the highest
agreement percentage was for questions 2–4 and 7 for the
PowerPoint presentations. The asynchronous discussion
board method trended lower than the other 2 methods in
regard to the positive ratings across most goals.

The lowest total ratings across all methods were found
in question 8, which assessed each participant’s level of

perceived participation for his or her activities. These
results were expected since, as observers, the radiologists
generally rated their participation level as low, negatively
influencing the total ratings. In addition, given their busy
schedule, the residents were not able to participate in all
sessions, also negatively influencing their perceived level of
participation. Each method had a perceived level of
student participation rating ,4.0, except for the Web
conferencing, which rated 4.0. The synchronous nature of
the Web conferencing method required participation from
all students present, potentially influencing in a positive
way the student’s participation rating.

Questions 9–11 looked at the potential for interactive
learning opportunities, with the strongest potential coming
from the synchronous Web conferencing, followed closely
by the asynchronous discussion boards. PowerPoint case
presentations were rated very low in this regard, particu-
larly for question 10 (,3.0 mean ratings for each group
and ,50% positive rating overall), which would be
expected as no direct interpersonal interactions took place
with this method.

When looking at learning potential versus time com-
mitment (question 12), the asynchronous discussion board
rated lowest, while the other two methods rated very high.
This was anticipated, as the discussion board required
regular logging in to D2L over a 4-week period, tracking
down any new discussions or cases, researching answers to
various questions, and typing all responses into the system.
For ease of use, there was a low agreement rating by
observers for the webinar method (25%), but this did not
appear to affect their willingness to use this method (75%).
Finally, the open-ended comments collected from the
respondents did not provide any additional information
related to the purposes of the research beyond the data
collected in the surveys.

DISCUSSION

Distance learning, or distance education, is defined as
‘‘a separation in time and/or space between the learner and
the instructor.’’5 Recent advances in Web technologies and
applications have led to an increase in the popularity of
distance learning programs in health care education.
Technical, logistical, and cost-related limitations still exist
(particularly in international collaborations),11,13,14 but
even so, the specialty of radiology, because it is largely
image based, seems well positioned to transfer a portion of
its course delivery to an online format.

The most commonly utilized methods of distance
learning include asynchronous and/or synchronous pre-
sentations of course material and discussions that require
the application of online educational best practices.5,6

There are challenges and benefits to both methods for
online content delivery. Asynchronous methods provide
learners with the opportunity to participate in learning
activities when it is convenient for their schedule, while
synchronous delivery can be challenging when collaborat-
ing with numerous individuals and accounting for time
zone teaching.15,16
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A systematic review of Internet-based continuing

medical education by Cook et al found that Internet-based
learning is educationally beneficial and can achieve results

similar to those of traditional instructional methods.17 It

has demonstrated favorable outcomes across a wide

variety of learners, learning contexts, clinical topics, and
learning outcomes.9 Our results support the observations

made by other studies that evaluated the utilization of

asynchronous discussion boards inside an LMS,6,8,9

synchronous Web conferencing,4,5 and asynchronous

computer-based presentations and courses.7,10 The use of

distance learning methods in residency programs can be
seen as a beneficial educational adjunct to the current face-

to-face training. As trends change in the delivery methods

of health care education to meet the demands of the

millennial student, online education is expected to become

more widely used.18

In this study, all of the teaching methods used were

generally considered to be effective by all groups of

participants. The PowerPoint presentation was rated as

having the highest level of effectiveness across the broadest

number of questions (7 total, mostly related to the

objective and goals); however, the success of this method

was offset by having the lowest ratings for questions

relating to the ability to interact.

Table 1 - Participant Learning Method Ratings (With Percentage Agreement) per Survey Question*

Asynchronous Discussion Boards Synchronous Web Conferencing Asynchronous Case Presentations

1 Observers 6 4.50 6 0.55 (100.0) 4 4.00 6 0.00 (100.0) 2 4.00 6 0.00 (100.0)
Students 14 4.43 6 0.94 (85.7) 11 4.18 6 1.25 (81.8) 8 4.38 6 0.52 (100.0)
Total 20 4.45 6 0.83 (90.0) 15 4.13 6 1.06 (86.7) 10 4.30 6 0.48 (100.0)

2 Observers 6 4.67 6 0.52 (100.0) 4 4.50 6 0.58 (100.0) 2 4.50 6 0.71 (100.0)
Students 14 4.29 6 0.99 (78.6) 11 4.36 6 1.21 (90.9) 8 4.75 6 0.46 (100.0)
Total 20 4.40 6 0.88 (85.0) 15 4.40 6 1.06 (93.3) 10 4.70 6 0.48 (100.0)

3 Observers 6 4.50 6 0.55 (100.0) 4 4.75 6 0.50 (100.0) 2 4.00 6 0.00 (100.0)
Students 14 4.35 6 0.93 (85.7) 11 4.09 6 1.22 (81.8) 8 4.88 6 0.35 (100.0)
Total 20 4.40 6 0.82 (90.0) 15 4.27 6 1.10 (86.7) 10 4.70 6 0.48 (100.0)

4 Observers 6 4.33 6 0.52 (100.0) 4 4.75 6 0.50 (100.0) 2 4.50 6 0.71 (100.0)
Students 14 3.93 6 1.14 (64.3) 11 3.91 6 1.22 (72.7) 8 4.63 6 0.52 (100.0)
Total 20 4.05 6 1.00 (75.0) 15 4.13 6 1.13 (80.0) 10 4.60 6 0.52 (100.0)

5 Observers 6 4.17 6 0.75 (83.3) 4 4.25 6 0.50 (100.0) 2 4.00 6 0.00 (100.0)
Students 14 4.29 6 0.99 (78.6) 11 4.09 6 1.14 (90.9) 8 4.13 6 0.64 (87.5)
Total 20 4.25 6 0.91 (80.0) 15 4.13 6 0.99 (93.3) 10 4.10 6 0.57 (90.0)

6 Observers 6 4.00 6 0.63 (83.3) 4 4.00 6 0.00 (100.0) 2 4.00 6 0.00 (100.0)
Students 14 4.07 6 1.14 (71.4) 11 3.91 6 1.22 (72.7) 8 4.13 6 0.83 (75.0)
Total 20 4.05 6 1.00 (75.0) 15 3.93 6 1.03 (80.0) 10 4.10 6 0.74 (80.0)

7 Observers 6 4.33 6 0.82 (83.3) 4 4.00 6 0.00 (100.0) 2 4.00 6 0.00 (100.0)
Students 14 3.93 6 1.00 (64.3) 10 4.10 6 1.20 (90.0) 8 4.38 6 0.52 (100.0)
Total 20 4.05 6 0.94 (70.0) 14 4.07 6 1.00 (92.9) 10 4.30 6 0.48 (100.0)

8 Observers 6 2.67 6 2.08 (33.3) 4 2.50 6 0.71 (0.0) 2 5.00 6 0.00 (100.0)
Students 14 3.71 6 0.73 (57.1) 11 4.00 6 1.18 (81.8) 8 3.75 6 1.28 (62.5)
Total 20 3.53 6 1.07 (52.9) 15 3.77 6 1.24 (69.2) 10 3.89 6 1.27 (66.7)

9 Observers 6 4.67 6 0.52 (100.0) 4 5.00 6 0.00 (100.0) 2 3.50 6 2.12 (50.0)
Students 14 4.00 6 0.78 (71.4) 11 4.36 6 1.29 (81.8) 8 3.75 6 1.16 (50.0)
Total 20 4.20 6 0.77 (80.0) 15 4.53 6 1.13 (86.7) 10 3.70 6 1.25 (50.0)

10 Observers 6 4.17 6 1.60 (83.3) 4 4.75 6 0.50 (100.0) 2 2.50 6 2.12 (50.0)
Students 14 3.79 6 0.97 (71.4) 11 3.73 6 1.27 (45.5) 8 2.75 6 1.67 (37.5)
Total 20 3.90 6 1.17 (75.0) 15 4.00 6 1.20 (60.0) 10 2.70 6 1.64 (40.0)

11 Observers 6 4.00 6 1.55 (83.3) 4 4.75 6 0.50 (100.0) 2 2.50 6 2.12 (50.0)
Students 14 4.07 6 1.00 (71.4) 11 4.27 6 1.01 (81.8) 8 2.88 6 2.03 (50.0)
Total 20 4.06 6 1.15 (75.0) 15 4.40 6 0.91 (86.7) 10 2.80 6 1.93 (50.0)

12 Observers 6 3.83 6 0.98 (50.0) 4 4.50 6 0.58 (100.0) 1 5.00 6 n/a (100.0)
Students 14 3.63 6 1.15 (64.3) 11 4.36 6 1.03 (81.8) 8 4.50 6 0.76 (87.5)
Total 20 3.70 6 1.08 (60.0) 15 4.40 6 0.91 (86.7) 9 4.56 6 0.73 (88.9)

13 Observers 6 4.00 6 0.71 (80.0) 4 3.00 6 0.82 (25.0) 2 5.00 6 0.00 (100.0)
Students 14 4.07 6 1.00 (71.4) 11 4.40 6 1.07 (80.0) 8 4.25 6 1.39 (87.5)
Total 20 4.05 6 0.91 (73.7) 15 4.00 6 1.18 (64.3) 10 4.33 6 1.32 (88.9)

14 Observers 6 3.83 6 0.98 (83.3) 4 4.25 6 0.96 (75.0) 2 5.00 6 0.00 (100.0)
Students 14 3.93 6 1.27 (71.4) 11 4.36 6 1.03 (81.8) 8 4.63 6 0.52 (100.0)
Total 20 3.90 6 1.17 (75.0) 15 4.33 6 0.98 (80.0) 10 4.70 6 0.43 (100.0)

* Data presented as the number of survey responses per method; mean 6 standard deviation (% of responses with rating of 4 or 5).
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Observers generally tended to have a higher level of
agreement than did the students across the various survey
questions, which may be due in part to the smaller
number of observers that responded to the survey, the
perspective they bring when considering the process as a
teacher, and/or the amount of time spent observing these
activities.

Prominent differences in ratings between methods (i.e.,
.30% difference in positive rating between at least 2 of the
methods) were noted by at least 1 subgroup in 8 of the
survey questions (4, 7–13). While this did not trend in
favor of any one method, participants ultimately indicated
that they were most willing to use the PowerPoint method.
It may also be noted that for the asynchronous discussion
board, the autonomy of access to sessions and its designed
open-endedness may have worked against this method—
particularly for students who are challenged with effective
time-management or prioritization skills. Additionally, the
design of the LMS made it difficult to find and follow the
flow of discussions, which may have negatively affected the
participants’ learning experience. In the near future, many
of the issues identified with LMS could be overcome by
implementing an independent standardized technical
system, such as a sharable content object reference model,
which may also provide better functionality for teaching
internationally.19

Limitations
With any pilot study, there will be limitations in design

and the application of outcomes. First, the use of mean
survey scores as a main response indicator in any 5-point
Likert ordinal scale in surveys has to be interpreted
cautiously, especially with a small number of participants.
In this study, the percentage of respondents who answered
positively to a question (i.e., answered 4 or 5) was
provided as an additional response indicator to supple-
ment the mean scores.

In addition, the relatively small number of survey
respondents, especially for the ‘‘observers’’ category,
precluded generalization of the results to the entire
chiropractic radiology community. Some students partic-
ipated across all 3 courses, while others were only involved
in 1 or 2. While this had the advantage of providing a
reference point for comparison between teaching methods
for some students, it also had the potential to allow an
upward or downward rating bias compared to those
students who participated in only 1 course. The unequal
number of surveys filled out between groups may have
skewed the results (e.g., the lower the number of
participants, the greater the chance for artificially high—
or low—ratings and agreement). A larger study would
allow for less impact from participant drop out and the
ability to statistically compare rating scores. The time
required for participation in the courses was more than
some participants could allow within their respective
workload. Increasing the allowed study time period may
have improved the participation level. Lastly, the study
would have benefited from the collection of supplemental
data, including the seniority level of the residents and the

number of viewings (downloads) of the PowerPoint
presentations.

In the distance education setting, interaction with
educators or other students during or after a learning
session (in any form) is perceived by residents as better
than no interaction, with more immediate, direct, or
integrated interactions appearing to provide the highest
satisfaction and most effective outcomes for achieving
learning goals.13,14,20,21 Prompt feedback from the educa-
tor is also felt to be one of the most effective ways to
reinforce learning behaviors and to encouraging reflection
on mistakes.22,23 It is therefore interesting to note that in
this study the learning method perceived by students as
being most effective in achieving the stated goals was the
method with the least amount of direct interaction,
possibly owing to the design of the presentations and/or
the ability of the students to review the information at their
own pace or on multiple occasions.

CONCLUSION

Distance education can provide opportunities for
residents to interact with experts in their field in virtually
any part of the world, and interactions with residents in
other programs is perceived as an enhancement of the
overall learning experience3,13; however, there are techni-
cal, logistical, and cost-related limitations that still need to
be overcome to provide a more seamless educational
experience. The goal will be to find the proper balance
between effective and efficient teaching methods in
distance training opportunities.

In this pilot study, online distance education methods
such as asynchronous discussion boards inside an LMS,
synchronous Web conferencing, and asynchronous voice-
over PowerPoint presentations all demonstrated a high
level of perceived effectiveness in achieving the course
objective and most of the goals. The majority of the
participants positively rated the learning potential of the
distance education methods and their willingness to use
these methods in future residency-based diagnostic imag-
ing training. When balancing the desire for student–
teacher and student–student interaction against the per-
ceived effectiveness of each method used, the results
demonstrated that there does not appear to be a clear
advantage in using any particular method. Further studies
including a larger number of participants could prove
beneficial to determine if the results obtained in this pilot
evaluation could be generalized to the entire chiropractic
diagnostic imaging residency community.
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