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BACKGROUND AND OBJECTIVES: Online modules offer an op-
portunity to overcome barriers to educational delivery. Such ap-
proaches can require significant investment dependent on the
development model used. There is little in the literature on the
formative assessment of design and development. Better under-
standing is needed to determine effective methods of training and
supporting faculty authors.

METHODS: The purpose of this study was to examine the effec-
tiveness of Web-based modules developed by a Department of
Family Medicine in delivering instruction to resident learners and
to examine perceptions of the design and development process.
Participants included 49 resident learners and 28 faculty and staff
members as the development team. Data collection involved use
of Web-based surveys, participant observation focus groups, and
pretesting/posttesting. Frequency distributions and mean compari-
sons were used to analyze quantitative data. Participant comments
were thematically analyzed.

RESULTS: Residents felt that modules met their educational goals
and contributed to understanding of core content. Pretest/posttest
data showed statistical improvement for a majority of modules.
The use of Web authoring software for Web-based learning and
scheduling time to work on the modules posed the greatest chal-
lenges to module authors.

CONCLUSIONS: Formative assessment methods can provide im-
portant information to module developers and support staff to
shape training, content development, and improve module ease
of use, navigation, and content for resident learners.

(Fam Med 2011;43(3):185-92.

nline modules offer an oppor-
0 tunity to overcome barriers to

educational delivery. Advan-
tages include accessibility, economies
of scale, flexible scheduling, ease in
updating, individualized instruction,
and incorporation of novel instruc-
tional methods.2 Such approaches
can lead to improved learner interest
and control and may be particularly
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beneficial when limited availability
challenges group teaching.’* How-
ever, online modules can require a
significant investment of time and
resources to design, test, and man-
age.® Major changes become difficult
and costly to implement following
start-up,”® which means that it is
important to choose appropriate soft-
ware tools and establish efficient and

effective work processes during the
early stages of module development.
Self-directed learners tend to scan
rather than read Web-based con-
tent.® Module authors must attend
to design considerations such as per-
ceived applicability, content organi-
zation, ease of use, and the potential
for engaging learner interest.'’ Re-
search indicates that modules should
remain free of distracting elements
and align with learning objectives
and time-to-completion goals.!!:!?
Successful screen designs should
present information in cognitive-
ly manageable “chunks” and focus
attention on key elements so that
learners can intuitively locate infor-
mation, understand where they are
within the module architecture, and
easily access navigational aids.!3*
Hyperlinks and other design ele-
ments must offer consistent label-
ing and formatting.'%1516 Developers
also need to consider the extent to
which modules assist users in task
completion and determine the qual-
ity of users’ experiences interacting
with the Web application.%18
During the development process,
formative assessment can be used to
identify needed changes in content
and/or design.'>1%2! Although forma-
tive assessment is a well-recognized
element of basic Web site design and
publication,"?%2 it has received lim-
ited attention in discussions of on-
line learning module development.

From the Department of Family Medicine,
University of Michigan.

VOL. 43, NO. 3 - MARCH 2011

185



‘ ORIGINAL ARTICLES ‘

Our study addressed this gap by
documenting and analyzing a mod-
ule development process, and then
evaluating the outcome of applying
these practices in a family medicine
residency setting.

Methods
Project Description
Based on resident feedback, the Uni-
versity of Michigan’s Family Medi-
cine Residency Program identified
areas of curricular need for which
there was insufficient opportunity
within existing rotations and the
didactic curriculum. A decision was
made to develop online modules that
would address specific curricular ob-
jectives by serving as required sup-
plements to several rotations. We
used a methodology recommended
in the literature for the creation of
effective Web-based learning mate-
rials.®1%17 This included evaluation
of our technical capabilities, institu-
tional support, and possible barriers
to implementation. Web-authoring
software allowed authors with little
knowledge of HTML and Web-based
programming to develop appropriate
content. Module development was
funded by an institutional grant to
support residency education, and In-
stitutional Review Board approval
was secured for the curriculum im-
provement project.

The project work team consisted of
a residency director, associate chair
for educational programs, technolo-
gy expert, education specialist, and
two faculty members responsible for
content oversight. Four residents and
12 faculty members served as mod-
ule authors. The project team col-
laborated with faculty authors on
developing content, objectives, and
learning strategies. Authors created
modules with approximately 10—12
hours of staff support (as opposed
to direct management). An educa-
tion specialist assisted with develop-
ment of learning objectives, pretest/
posttest questions, and refinement
of text-based material for Web de-
livery. A technology specialist provid-
ed training on use of Web authoring

186 MARCH 2011 - VOL. 43, NO. 3

Table 1: Characteristics of Authors Involved in Module Development (n=16)

NUMBER/PERCENT
Faculty Residents Total
(n=12) | (n=4)
Gender
Male 5 (41.7) 1(25.0) 6 (37.5)
Female 7 (58.3) 3 (75.0) 10 (62.5)
Computer and Internet expertise
Beginning 0 (00.0) 0 (00.0) 0 (00.0)
Intermediate 8 (66.7) 4 (100.0) 12 (75.0)
Advanced 4(33.3) 0 (00.0) 4 (25.0)
Average experience level-online module
use or course participation
None 3 (25.0) 1(25.0) 4 (25.0)
One module 4(33.3) 1(25.0) 5(31.3)
Two or more modules 5(41.7) 2 (50.0) 7 (43.8)*
Average experience level-online module
development
None 6 (50.0) 4 (100.0) 10 (62.5)
Very little 2 (16.7) 0 (00.0) 2 (12.5)
Moderate amount 4(33.3) 0 (00.0) 4 (25.0)
Extensive amount 0 (00.0) 0 (00.0) 0 (00.0)

* Totals to greater than 100 due to rounding.

software, module design and devel-
opment, and copyright issues.

The resulting modules contained
between 12 and 25 Web pages of
content, requiring between 10 to 60
minutes to complete. The modules
addressed learning objectives relat-
ed to musculoskeletal examination,
common procedures, integrative ap-
proaches to disease, and mind-body
medicine. Each module was de-
signed to operate in an asynchro-
nous fashion, without direct faculty
supervision or participation. Sev-
eral modules contained audio files
and/or case vignettes, and all of the
musculoskeletal modules featured
embedded instructional videos. Pre-
tests/posttests were included to as-
sess content understanding and to
document module completion.

Module Evaluation

Author Surveys and Expert
Reviews. Authors completed a 14-
item survey containing 30 evaluative
statements regarding satisfaction
with the development process, train-
ing provided, and the Web authoring

software. Six additional statements
related to author self-competence
and motivation to develop additional
modules in the future. Respondents
rated each evaluative statement us-
ing a Likert-type scale ranging from
1=strongly disagree to 5=strongly
agree. Nine additional statements
captured information about the level
of difficulty authors faced during the
development process, with respons-
es scaled from 1=very difficult to
4=very easy. We also captured infor-
mation regarding the authors’ prior
experience with Web-based curricu-
lum development and suggestions
for improvement.

Sixteen faculty/staff experts par-
ticipated in the review process of
the modules for quality, relevance,
clarity of presentation, content ap-
propriateness, and alignment with
learning objectives. They also iden-
tified strengths/weaknesses in navi-
gation and overall usability.

Resident Usability Testing. We

evaluated modules for technical dif-
ficulties, ease of navigation and use,
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appropriateness of educational con-
tent, and learner satisfaction. We
conducted two rounds of usability
testing with residents. In the first
phase, we used traditional meth-
ods such as “think alouds” and vid-
eotaping of keystroke action.?* Two
researchers took notes and recorded
observations. Focus group discussion
allowed residents to share their im-
pressions of the modules and make
suggestions. In the second phase, we
conducted field tests, and each mod-
ule was evaluated as part of the resi-
dents’ required curricular rotations.

Both testing phases involved
resident completion of the module
pretests/posttests and an 18-item
evaluative survey. Pretests/post-tests
included three to 30 multiple choice
questions, some written as clinical
case scenarios, with posttest scores
of at least 80% required for demon-
strating competency. The evaluative
survey contained 10 statements that
explored ease of navigation, organi-
zation and flow, appropriateness of
Web format, and usefulness of the
Web tools. Additional statements
were included to evaluate content
relevance and clinical utility and the
alignment between content, learning
objectives, and pretest/posttest ques-
tions. Response scales ranged from
1=strongly disagree to 5=strongly
agree. The survey also included de-
mographic items and two open-end-
ed questions.

Analysis
Frequency distributions and mean
comparisons were used to analyze
the survey data. Pretest/posttest re-
sults were analyzed using paired ¢
tests and Cohen’s d statistics calcu-
lated as an additional measure of ef-
fect size (.20 small, .50 moderate, .80
large).?> We performed quantitative
analyses using SPSS 17.0 statistical
software (SPSS Inc, Chicago).
Open-ended survey items and ex-
pert reviewer comments were inde-
pendently reviewed and thematically
analyzed. We combined observational
data with focus group input to ex-
plore trends in the residents’ naviga-
tion paths and verbal “think aloud”
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processes as they moved through the
module content, which allowed us to
identify issues that might pose chal-
lenges to future users.

Results

Forty-nine residents and 28 faculty
and staff participated in the module
development process between March
2007 and July 2009. At least five res-
idents and three expert reviewers as-
sessed each of 16 modules included
in the study.

Author Surveys

All 16 module authors completed
the satisfaction survey. Demograph-
ic characteristics of respondents are
shown in Table 1. Seventy-five per-
cent rated their computing and In-
ternet skills as “intermediate” and
reported at least some prior experi-
ence with online course or module
participation. While half of the fac-
ulty reported past engagement with
module development, none of the res-
idents reported such involvement.
Resident authors appeared slight-
ly more satisfied than faculty with
various aspects of the module design
and development process, but we de-
tected no statistically significant dif-
ferences in response patterns across
the two groups (Table 2).

Expert Reviews

Of the 16 experts who provided
assessment data, they all agreed
(80.0% strongly agreed, 20.0%
agreed) that selected content was
at an appropriate level for the resi-
dents and that learning objectives
were aligned with content. They
also agreed (70.0% strongly agreed,
30.0% agreed) that module content
was substantive, either equivalent
to or surpassing traditional lecture
material, and that the material
was presented in a straightforward
and comprehensive manner (60.0%
strongly agreed, 40.0% agreed).
Suggested changes included adding
examples and explanatory text, re-
ducing content density, moving less
important text off the central nav-
igation path, and eliminating un-
necessary redundancies. The expert
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reviewers made various sugges-
tions for pretest/posttest revisions
(eg, wording clarifications, removal
of irrelevant distracters, narrowing
the range of clinical issues embedded
in case-based scenarios).

Resident Usability Testing

The 45 residents who participated
in usability testing submitted a to-
tal of 143 evaluation surveys. Most
were first-year residents (46.2%),
and most (83.2%) rated their level
of computing expertise as “interme-
diate” (Table 3). Most (76.1%) had
prior experience using two or more
online modules or courses. Almost
all (94.5%) reported previous expo-
sure to the content material, but few
(27.3%) had “a moderate” to “great
deal” of such experience.

Almost all residents (91.6%)
agreed that learning objectives were
consistent with featured content
(Figure 1). More than 80.0% credited
module activities for contributing to
their understanding of content, key
concepts, and procedures. A similar
percentage agreed the modules were
well organized and had a logical flow,
the Web-based format was an effec-
tive way of presenting the materi-
al, and the content was relevant to
their educational goals. Most (77.8%)
found the modules easy to navigate.
Half (50.7%) thought that links to
external Web sites were helpful and
only a third (34.7%) encountered
technical problems.

Survey comments indicated that
residents valued the use of consis-
tent terminology, access to defini-
tions, and repetition of key concepts
through summary statements or ex-
ercises. Residents also valued the use
of embedded case presentations and
video demonstrations. With regard to
design, residents expressed interest
in having more pictures and images
but reported that scrollbars and pop-
ups diverted attention from key con-
tent material if not carefully placed
within the module architecture.
They cautioned authors to restrict
text density, provide clear naviga-
tion cues, and limit use of external
links. Module content was regarded
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Table 2: Module Author Feedback Ratings (n=16)

Faculty (n=12) Residents (n=4)

Mean/Median SD/Range Mean/Median SD/Range | P Value*
Satisfaction or Dissatisfaction (5-Point
Scale)’
Training for creating learning objectives 4.3 (4.5) 0.87 (3-5) 4.5 (4.5) 0.58 (4-5) 77
Training for design of pretest/posttest questions 4.3 (4.0) 0.79 (3-5) 4.3 (4.5) 0.96 (3-5) 1.00
Orientation to the project/unit development 4.3 (4.0) 0.62 (3-5) 4.0 (4.0) 0.82 (3-5) .60
Developing pretest/posttest questions 4.1 (4.0) 0.67 (3-5) 4.5 (4.5) 0.58 (4-5) .38
Peer review process 4.0 (4.0) 0.63 (3-5) 4.0 (4.0) 0.82 (3-5) 1.00
Training for determining and planning content 3.9 (4.0) 1.00 (2—4) 4.0 (4.0) 0.82 (3-5) .95
Proposal forms, author checklist, timelines 3.9 (4.0) 0.79 (2-5) 4.0 (4.0) 0.82 (3-5) 95
Piloting process 3.8 (4.0) 0.87 (2-5) 4.0 (4.0) 0.82 (3-5) .85
Development of text materials 3.6 (4.0) 0.90 (2-5) 4.3 (4.0) 0.50 (4-5) .26
Training for storyboarding 3.6 (3.5) 0.90 (2-5) 3.8 (4.0) 0.50 (3—4) .68
Designing for the Web-based format 3.5 (4.0) 0.91 (2-5) 4.3 (4.0) 0.50 (4-5) 17
Ease or Difficulty With... (5-Point Scale)*
Creating learning objectives 4.1 (4.0) 0.90 (2-5) 3.3 (3.0) 1.53 (2-5) 45
Developing content material 3.8 (4.0 0.58 (3-5) 3.3 (4.0) 1.16 (24) .63
Designing pretest/posttest quiz questions 3.6 (4.0) 0.79 (2-5) 3.0 (3.0) 1.00 (24) 37
Organizing and structuring online content 3.0 (3.0) 1.21 (1-5) 2.7 (2.0) 1.16 (2—4) 73
Meeting recommended timeline check points 2.4 (2.0) 1.24 (1-5) 3.3 (4.0) 1.16 (2-4) .30
Software use 2.4 (2.0) 1.00 (1-5) 2.0 (2.0) 0.00 (2-2) 54
Scheduling time to work 2.3 (2.0) 0.89 (1-5) 2.3 (2.0) 1.53 (1-4) .84

* Fisher’s Exact Test, 2-tailed calculated at 95% confidence level

T Coded: 1=very dissatisfied to 5=very satisfied.

+ Coded: 1=very difficult to 5=very easy.

as relevant if it clearly linked to clin-
ically useful information. Residents
preferred linear presentation for-
mats and content language that was
succinct and presented from a clini-
cal care perspective. They requested
immediate and specific feedback on
their test responses.

Table 4 summarizes the pretest/
posttest results for each module. T
test results (2-tailed, 95% confidence
level) indicate significant pretest/
posttest knowledge increases for 13
of the 16 piloted modules with effect
sizes ranging from moderate to large
(0.49 to 6.48). Log files reveal that
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the majority of residents (153/157,
97.5%) completed the testing imme-
diately prior to/after module comple-
tion. T tests were calculated both
including and excluding the four de-
layed test takers as noted in Table 4.

By observing residents during the
first phase of usability testing, we
were also able to document instances
where the content material required
extensive time to complete or created
confusion. During focus group dis-
cussions, residents expressed satis-
faction with the pace and scope of
the material and identified mod-
ule resources that they regarded

as particularly valuable (eg, patient
consent forms, checklists).

Discussion

This study examines an approach
to developing online learning mod-
ules for family medicine residents.
We followed guidelines identified in
the literature and obtained evalua-
tive input at several stages in the
process, which allowed us to trouble-
shoot navigation errors and points of
confusion. Our results highlight the
importance of establishing a protocol
for monitoring module development
and contribute to an understanding
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of the opportunities and limitations
involved in developing online curric-
ulum for a residency.

Our findings support the feasibil-
ity of using a formal online module
development process for creating and
delivering content to resident learn-
ers. Our team approach to preparing,
developing, and presenting educa-
tional material represented a par-
adigm shift away from traditional
work methods, and the creation of
online teaching methods was itself
a new experience for many. Limited
faculty development was required to
make effective use of Web author-
ing software and to reorient mod-
ule authors’ conceptualizations of
educational flow for the online en-
vironment. Despite their ability to
successfully develop Web-based mod-
ules, author feedback indicated that
learning to conceptualize the design
of Web-based instructional material
and using Web authoring software
posed the greatest challenges. They
also cited scheduling time to work
on the module as a significant chal-
lenge.

This methodology may be partic-
ularly useful to programs that face
geographical challenges to ensuring
that residents can attend didactics
or those that wish to assign required
content to specific rotations. Modules
were developed for several different
educational applications, including
creating a structured didactic ex-
perience for a “night float” rotation,
as required preparatory material
before certain clinical experiences,
and to expand the didactic curricu-
lum relative to specific rotations. As
residency programs increasingly uti-
lize shifts rather then call schedules
in response to work hours require-
ments, this learning strategy may
have expanded applications. Online
modules allow residents to receive
didactics at a time and place con-
venient to them, work at their own
pace, interact with content tailored
to their clinical and educational
needs, and review familiar material
when needed clinically.!:

Online materials were gener-
ally well accepted by residents in
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Table 3: Characteristics of Residents Involved
in Module Evaluation and Pretest-Posttest Testing

Number/Percent
Evaluations Pretests-Posttests
(143 submissions)* (157 submissions)*
Gender
Male (n=13) 36 (25.2) 35 (22.3)
Female (n=32) 107 (74.8) 122 (77.7)
Year
HOI 66 (46.2) 76 (48.4)
HOII 58 (40.6) 58 (36.9)
HOIII 19 (13.3)° 23 (14.6)"
Computer and Internet
Expertise
Beginning 1 (1.0 0 (00.0)
Intermediate 119 (83.2) 129 (87.8)
Advanced 23 (16.1) 18 (12.2)
Previous Experience—
Online Module Use
None 4 (2.8) 6 (4.1)
One module 30 (21.1) 25 (17.1)
Two or more modules 108 (76.1) 115 (78.8)
Previous Exposure—
Module Content
None 8 (5.5) 6 (4.1)
Very little 33 (23.1) 29 (19.7)
Some 63 (44.1) 72 (49.0)
Moderate amount 35 (24.5) 36 (24.5)
Great deal 4 (2.8) 4 (14)

*n=aggregated response totals
F Total + 100 due to rounding

this study. Residents perceived that
the modules met their educational
goals and contributed to understand-
ing of core content. They found the
modules user-friendly and regarded
clinical relevance as an important
consideration in reviewing content.
When asked about suggestions for
improvement, residents most fre-
quently recommended expanding
the use of graphics/videos, case stud-
ies, and review materials. They also
recommended reducing text density
whenever possible.

Resident pretest/posttest scores
showed statistical improvement for
the majority of modules. During the
development process, an emphasis
was placed on the alignment of goals
and objectives with module content
and test questions. If material was

well aligned and appropriate for
the intended learners, we consid-
ered whether modules with lower
improvement scores contained de-
sign challenges and required revision
in the technical delivery, education-
al format, or the content density.
The vast majority of modules were
completed by residents in one ses-
sion with the pretest/posttest scores
therefore reflecting knowledge gains
acquired through exposure to mod-
ule content.

Modules were utilized in the cur-
riculum in several different method-
ologies, which may have an impact
on their educational utility. Some
modules were intended as core di-
dactics, similar to traditional lec-
tures, to ensure that all residents
have exposure to content not found
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elsewhere in the didactic curricu-
lum. Other modules were intended
as preparatory for a rotational ex-
perience (ie, neonatal circumcision),
with completion expected prior to the
intended clinical work. The short-
term knowledge gains demonstrat-
ed in this study are likely relevant
in this latter application as the in-
formation was needed shortly after
completing the module. The ability
for residents to maintain and access
learned information at later times
when clinically necessary warrants
further investigation.

We found that modules with over-
ly dense content were difficult for
residents to complete within a rea-
sonable timeframe (20—-25 minutes).
About half of the residents also re-
ported dissatisfaction with use of
external hyperlinks but regarded in-
ternal hyperlinks as useful for tran-
sitioning in and out of core material
and facilitating return to areas of in-
terest. The potential for distractions

in online education is high, so main-
taining focus on core objectives re-
mained a key concern. Video clips
allowed a unique presentation style
for teaching musculoskeletal exami-
nation skills. Research indicates that
visually enhanced learning improves
long-term retention?®?” and that
moving scenes are better retained
than single static images or still pic-
tures.?®? Despite a positive response
to video usage in our study, residents
offered considerable comment on the
importance of keeping the length of
video clips short. Residents found
video most effective when used to
demonstrate specific exam skills or
key procedural points.

Research on learning preferences
suggests there may be a benefit to
dividing module pages into discrete
components (text, images, utilities,
etc) to provide navigational options
to the learner.'? Results of our re-
search support these findings in that
residents expressed satisfaction with

modules that contained Web pages
with divided interfaces. Such formats
added dimension to the learning ex-
perience and allowed residents to ex-
plore topics in greater depth without
disrupting the intended flow of in-
formation.

This research has several limi-
tations. Our sample size is small,
and not every resident completed
each module. We focused on mod-
ule development in a single medical
school-based residency program, and
content was customized to the needs
of that program. Generalizability to
other programs has not yet been
demonstrated. Further, resident and
faculty evaluations were based on
self-reports, which can be limited in
accuracy.®® For example, their report-
ing of previous experience in creat-
ing Web-based instructional material
may have been overrepresented due
to our faculty experience in posting
PowerPoint™ presentations online.
Also, the relatively small number of

Figure 1: Resident Usability Testing—Evaluation Survey Results (143 Evaluations Submitted)*

Links to external sites helpful

Ease of navigation

Meets my educational goals

Approprate use of Web delivery

Well organized; logical flow

Teaches terms, concepts, procedures

Contributes to my content knowledge

Content aligns w/learning objectives

0 20 40

Percentage

60 80 100

M Satisfied or Agree O Neutral or Neither B Dissatisfied or Disagree

“n= agpregated response totals.
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Table 4: Results of Resident Pretest/Posttest Knowledge Assessments

# Quiz Mean
Module n= Items Score Sb t= P =* Effect Size

Elbow 9 Pre-Module 6 59.1 31.64 3.88 .005 1.83
Post-Module 100.0 0.00

Endometrial biopsy 5 Pre-Module 18 83.3 4.27 2.02 113 -
Post-Module 914 8.83

Foot/ankle 10 Pre-Module 11 33.9 28.29 4.01 .003 2.08
Post-Module 87.4 22.81

GERD 5 Pre-Module 11 77.2 3.01 5.90 .004 3.18
Post-Module 92.3 5.99

Guided imagery 6 Pre-Module 30 78.4 20.87 0.88 419 -
Post-Module 879 11.86

Hip 7 Pre-Module 11 53.2 24.19 2.85 0297 1.59
Post-Module 86.3 17.49

IUD 6 Pre-Module 26 63.0 13.23 2.61 .048 1.71
Post-Module 80.3 5.54

Joint injection 17 Pre-Module 9 77.9 16.37 3.18 .006 1.26
Post-Module 94.8 9.44

Knee 14 Pre-Module 5 70.8 30.91 3.53 .004 1.21
Post-Module 97.6 4.68

Mind-Body 24 Pre-Module 13 75.4 18.33 2.99 .007 0.49
Post-Module 85.1 21.63

Neonatal circumcision 11 Pre-Module 25 49.9 11.65 2.10 .062% -
Post-Module 63.9 17.43

Obesity 7 Pre-Module 9 39.2 8.95 17.00 .000 6.48
Post-Module 94.0 8.01

Osteoporosis 5 Pre-Module 24 71.3 12.39 5.21 .006 2.03
Post-Module 90.2 451

Skin surgery 10 Pre-Module 18 72.7 17.26 2.97 .016 1.11
Post-Module 88.5 10.34

URI 13 Pre-Module 3 46.2 21.71 5.20 .000 2.49
Post-Module 92.3 14.60

Vasectomy 8 Pre-Module 12 50.9 20.04 7.95 .0008§ 2.76
Post-Module 93.8 9.16

* 2-tailed, paired ¢ test calculated at 95% confidence level

T P=.073 with delayed resident excluded

1 P=.106 with the 2 delayed residents excluded

§ P=.000 with delayed resident excluded

GERD—gastroesophageal reflux disease
IUD—intrauterine device

URI—upper respiratory infection

questions on some module quizzes
limits our ability to fully assess resi-
dent learning outcomes, and the im-
provement in knowledge scores only
assessed short-term learning gains.
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Additional research will be needed to
more fully measure the educational
impact of module use on residents.
Our results suggest that resi-
dent users have little patience for

even minor technical or navigation-
al difficulties. Therefore, programs
utilizing online modules should be
prepared to support ongoing tech-
nology changes given that system or
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software upgrades may affect func-
tionality. In this study, links to ex-
ternal Web sites did not extend the
usability of the learning modules to
any great degree. Usage of such fea-
tures has not been well studied and,
while many educators assume that
the addition of supplementary re-
sources represents an improvement,
our results provide limited evidence
favoring the utility of investing the
additional time, effort, and resources
required to create a unified learning
path.'? Additional research into op-
timal educational flow will be wel-
comed as educators consider the
expanded use of technology in their
curricula.

Conclusions

Online modules can assist in the dis-
tribution of learning opportunities in
a residency training program. Mul-
tiple methods of data collection can
be used to provide important infor-
mation to module developers and
support staff to address training is-
sues, support authors, and improve
module ease of use, navigation, and
content.

ACKNOWLEDGMENTS: Work on the module
development project was supported by a grant
from the Graduate Medical Education Inno-
vations Program, Office of Graduate Medical
Education, University of Michigan Medical
School. An overview of this study was pre-
sented as “Online, Self-paced Learning Mod-
ules in the Family Medicine Residency: A Pilot
Intervention” at the 2009 Society of Teachers
of Family Medicine Annual Spring Conference
in Denver.

CORRESPONDING AUTHOR: Address corre-
spondence to Dr Skye, University of Michigan,
Department of Family Medicine, 1500 East
Medical Center Drive, L2003 Women’s Hos-
pital, Box 5239, Ann Arbor, MI 48109-5239.
734-232-6776. Fax: 734-615-2687. eskye@
umich.edu.

192 MARCH 2011 - VOL. 43, NO. 3

References

1.

10.

11.

12.

13.

14.

15.

Rosenberg M. E-learning: strategies for deliv-
ering knowledge in the digital age. New York:
McGraw-Hill, 2001.

Cook DA. Where are we with Web-based
learning in medical education? Med Teach
2006;28(7):594-8.

Adler MD, Johnson KB. Quantifying literature
of computer-aided instruction in medical edu-
cation. Acad Med 2000;75:1025-8.

Rogers DL. Technology integration for higher
education in the new millennium. Educ Tech-
nol Rev 2000;13:19-27,33.

Cook DA. Web-based learning, pros, cons, and
controversies. Clin Med 2007;7(1):37-42.

Ruiz JG, Mintzer MJ, Leipzig RM. The impact
of e-learning in medical education. Acad Med
2006;81(3):207-12.

Fonda SJ, Paulsen CA, Perkins J, Kedziora
RJ, Rodbard D, Bursell SE. Usability test of
an Internet-based informatics tool for diabetes
care providers: the comprehensive diabetes
management program. Diabetes Technol Ther
2008;10(1):16-24.

US Department of Health and Human Servic-
es. Usability.gov: step-by-step usability guide.
http://www.usability.gov. Accessed March 28,
2010.

Weston TJ, Barker L. Designing, implementing,
and assessing Web-based learning materials
for undergraduate students. Educ Technol
2001;41(4):15-22.

Triacca L, Bolchini D, Botturi L, Inversini
A. MiLE: systematic usability evaluation for
e-learning Web applications. In: Cantoni L,
McLoughlin C, eds. Proceedings of World Con-
ference on Educational Multimedia, Hyperme-
dia and Telecommunications. Chesapeake, VA:
AACE, 2004:4398-405.

Kirsh D. Interactivity and multimedia inter-
faces. Instr Sci 1997;25(2):79-96.

Grunwald T, Corsbie-Massay C. Guidelines
for cognitively efficient multimedia learning
tools: educational strategies, cognitive load, and
interface design. Acad Med 2006;81(3):213-23.

Clark R. Research on Web-based learning: a
half-full glass. In: Bruning R, Horn C, Pytlik
Z, eds. Web-based learning: what do we know?
Where do we go? Greenwich, CT: Information
Age Publishing, 2003:1-22.

Norman DA, Draper SW. User centered system
design. Hillsdale, NdJ: Erlbaum, 1986.

Cook DA, Dupras DM. A practical guide to
developing effective Web-based learning. J Gen
Intern Med 2004;19(6):698-707.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Storey MA, Phillips B, Maczewski M, Wang M.
Evaluating the usability of Web-based learning
tools. Educ Technol Soc 2002;5(3):91-100.

Levi MD, Conrad FG. Usability testing of
World Wide Web sites. US Department of La-
bor, Bureau of Labor Statistics. http:/stats.bls.
gov/ore/htm_papers/st960150.htm. Accessed
April 1, 2010.

Fowler S, Stanwick V. Web application design
handbook: best practices for Web-based soft-
ware. San Francisco: Elsevier, 2004.

Nielsen J. Usability engineering at a discount.
In: Salnvendy GS, ed. Designing and using
human-computer interfaces and knowledge
base systems. Amsterdam: Elsevier, 1989:394-
401.

Huang C. Designing high-quality interactive
multimedia learning modules. Comput Med
Imag Grap 2005;29(2-3):223-35.

McDaniel AM. Usability basics for clini-
cal nurse specialists. Clin Nurse Spec
2004;18(2):60-1.

Fetters MD, Ivankova NV, Ruffin MT, Cress-
well JW, Power D. Developing a Web site in
primary care. Fam Med 2004;36(9):651-9.

Grama LM, Beckwith M, Bittinger W, et al. The
role of user input in shaping online informa-
tion from the National Cancer Institute. J Med
Internet Res 2005;7(3):e25.

Rubin J. Handbook of usability testing: how to
plan, design, and conduct effective tests. New
York: John Wiley, 1994.

Cohen J. Statistical power analysis for the
behavioral sciences, second edition. Hillsdale,
NdJ: Erlbaum, 1988.

Stenberg G. Conceptual and perceptual factors
in the picture superiority effect. Eur J Cogn
Psychol 2006;18(6):813-47.

Endestad T, Magnussen S, Helstrup T. Memory
for pictures and words following literal and
metaphorical decisions. Imagin Cognition Pers
2003;12(2-3):209-16.

Matthews WJ, Benjamin C, Osborne C. Mem-
ory for moving and static images. Psychon B
Rev 2007;14(5):989-93.

Buratto LG, Matthews WJ, Lamberts K. When
are moving images remembered better? Study-
test congruence and the dynamic superiority
effect. Q J Exp Psychol 2009;62(10):1896-1903.
Davis DA, Mazmanian PE, Fordis M. Observed
measures of competence: a systematic review.
JAMA 2006;296(9):1094-102.

FAMILY MEDICINE



