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Abstract
Objectives: To explore medical students’ use of computer tutorials embedded in a busy clinical setting;
to demonstrate that such tutorials can increase knowledge gain over and above that attributable to the
clinical rotation itself.

Methods: Six tutorials were installed on a computer placed in a central area in an emergency department.
Each tutorial was made up of between 33 and 85 screens of information that include text, graphics, anima-
tions, and questions. They were designed to be brief (10 minutes), focused, interactive, and immediately
relevant. The authors evaluated the intervention using quantitative research methods, including usage
tracking, surveys of faculty and students, and a randomized pretest-posttest study.

Results: Over 46 weeks, 95 medical students used the tutorials 544 times, for an overall average of 1.7 times
a day. The median time spent on completed tutorials was 11 minutes (average [SD], 14 [�12] minutes).
Seventy-four students completed the randomized study. They completed 65% of the assigned tutorials, re-
sulting in improved examination scores compared with the control (effect size, 0.39; 95% confidence inter-
val = 0.15 to 0.62). Students were positively disposed to the tutorials, ranking them as ‘‘valuable.’’ Fifty-four
percent preferred the tutorials to small group teaching sessions with a preceptor. The faculty was also pos-
itive about the tutorials, although they did not appear to integrate the tutorials directly into their teaching.

Conclusions: Medical students on rotation in a busy clinical setting can and will use appropriately
presented computer tutorials. The tutorials are effective in raising examination scores.
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I
n their senior year, medical students leave the class-
room to learn in clinical settings using an apprentice-
ship model. They gain invaluable experience from

their patients, peers, and preceptors. In addition to

case-based learning, students are also expected to gain
knowledge by reading about their cases.

Computer-aided instruction (CAI) can offer excellent
instructional strategies for the clinical learning setting.1,2

For example, computer graphics allow visual explana-
tions that are potentially more efficient and effective
than those offered by standard printed texts. Animations
allow students to visualize functional relationships that
are difficult to describe using text or static figures. Videos
of clinical findings (e.g., seizures) or procedures (e.g.,
lumbar puncture) allow an aggregation of experience
that would otherwise take a considerable amount of time.

A number of studies have determined that CAI can be a
valuable learning resource in medical education.3,4 Re-
search into the effectiveness and acceptance of CAI has
focused largely on the use of computers versus the
more traditional methods, such as lectures and text.5,6

Studies of the effects of technology on teaching and
learning have demonstrated the benefits of CAI in the di-
dactic environment, not only for the purposes of student
achievement through the measurement of test scores7

but also in relation to the development of cognitive skills,
such as problem solving and decision making.7,8
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While these research syntheses have shown the value
of CAI in classroom-type settings, what is less clear is
whether these novel instructional strategies can be
implemented in a clinical setting such as the emergency
department (ED). Our study was concerned with improv-
ing learning in the clinical setting through the inter-
vention of timely, relevant resources that students can
access at critical moments as they are engaged in on-
the-job learning as practicing clinicians.

There is an excellent theoretical basis for why such an
intervention should work well in an ED. Situated learning
theory holds that learning is a dynamic process that de-
pends heavily on time, place, and social interaction and
collaboration.9,10 Knowledge acquisition should occur
within the same domain of activity as its real-world appli-
cation, with isolated book learning or lectures being too
far removed from context to be as effective.11,12 Good
instructional design is essential for situated learning to
be effective.13,14 In particular, careful management
of the learning environment so as to distribute the learn-
ing tasks to the components of the system best suited to
their delivery is likely to be rewarded with optimal
learning.15

Mayer has put forth a cognitive theory of multimedia
learning that supports its use in preference to more tra-
ditional methods. He proposes that multimedia tutorials
can decrease cognitive load and thus increase knowledge
gain.16 For a given amount of information, learning is
augmented if the information is appropriately divided be-
tween graphics (still or animated) and words (spoken or
written). CAI can also improve knowledge processing
by using an interactive style of presentation that encour-
ages deeper processing than do more passive methods,
such as reading texts or viewing images.17

Many have noted that the flexibility of CAI is one of its
main advantages because it allows students or medical
educators to choose the timing, place, and pace of learn-
ing.1,15,18 The approach known as just-in-time learning
offers a new dimension to studies into the efficacy of
CAI.19 Knowledge is presented in the workplace in a
modularized form that is ‘‘readily acceptable and in-
stantly applicable.’’20 In this way, learners seek to acquire
knowledge when they most need it and when their moti-
vation is immediate.21 Just-in-time learning fits nicely
within the theoretical framework of situated learning
and has specifically been identified as a viable and cost-
effective method in medical education.22

For these reasons, just-in-time learning, in the form of
CAI, appears well suited to the clinical learning setting,
where medical students shift constantly between the cog-
nitive apprenticeship of working in authentic situations
with clinical preceptors and the self-study activity of
seeking and retrieving useful information that can be
applied instantly to the tasks at hand.

We hypothesized that, by using focused, brief
computer tutorials, we could effectively supplement
the students’ learning of clinical medicine on a senior-
year clinical rotation. We sought to demonstrate that
this technique is feasible, that is, that the medical stu-
dents would use the tutorials and that the tutorials
could increase knowledge gain over and above that
attributable to the clinical rotation as already
constituted.

METHODS

Study Design
This was an impact evaluation of the tutorials using
quantitative measures. Research methods included log
file analysis, exit surveys of the students, a faculty survey,
and a randomized controlled trial measuring knowledge
gain over the course of the rotation. This study was ap-
proved by the Montreal Children’s Hospital Institutional
Review Board. We obtained informed written consent
from all participants.

Study Setting and Population
The study took place in the pediatric ED at the Montreal
Children’s Hospital during the students’ outpatient rota-
tion. The pediatric ED has an annual census of 85,000
visits. Ten full-time emergency medicine faculty, as well
as community pediatricians who work in the pediatric
ED part-time, supervise approximately ten undergradu-
ate and ten postgraduate trainees per month. Medical
students are taught using a variety of teaching methods
besides bedside teaching, including daily lectures and
weekly small group tutorials. There was, however, very
little in the way of CAI materials available to them.

All senior medical students at McGill University have
a mandatory two-week rotation in the pediatric ED at
the Montreal Children’s Hospital, amounting to six to
eight shifts. The study ran for 14 months, recruiting stu-
dents on the first day of the rotation. Participation was
entirely voluntary. None of the study information was
used in any of their evaluations.

Study Protocol
Tutorial Design Principles. We wrote six computer tu-
torials on the subjects listed in Table 1. The subjects
were chosen specifically with the following in mind:
that they be common cases that will be seen during virtu-
ally every pediatric ED shift, and that they be important
to the practice of a general practitioner. Each of the
subjects is found in published curriculum guidelines for
medical students.23 We kept the following design princi-
ples in mind:

� That they be brief. We knew from a previous study that
trainees are not able to complete long computer tuto-
rials while on duty but that they do have enough time
to complete brief tutorials.24

� That they be focused. Within brief tutorials, com-
prehensive didactic presentations in a standard text-
book format would be neither possible nor desirable
because it would not take maximal advantage of the
time available.
� That topics be chosen where computer-mediated

instructional strategies are particularly effective. For
example, computer graphics make learning x-ray inter-
pretation engaging and efficient; animations make
learning the osmotic advantages of oral rehydration
solutions easier.
� That they supplement case-based learning. We had in

mind that the student would have potentially seen a pa-
tient with the given condition and would now be using
the tutorial to bolster their learning from the case.
Thus, the tutorials were tailored to the cases seen in
our setting.
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Tutorial Creation. We used the software authoring lan-
guage Toolbook II Instructor version 6.5 (SumTotal
Corp., Mountain View, CA). Independent content experts
reviewed all tutorials, and the tutorials were each pilot
tested on at least two students and two residents. The tuto-
rials were then revised, with all of the changes suggested
by the reviewers being incorporated into the tutorials
and reflected back to them. Disagreements between the
author and the reviewer were resolved by consensus.

The tutorials ranged in length from 33 to 85 screens,
taking 5–15 minutes to complete. The content was dis-
played in a linear screen-after-screen fashion, although
students could skip to any part of the tutorial using a
‘‘map’’ function. They were designed to be as interactive
as possible, with multiple-choice questions with immedi-
ate feedback, matching exercises, and x-ray unknowns.
Animations, schematic drawings, and pictures were all
used, but there was neither video nor sound.

Tutorial Implementation. We installed the tutorials on
an Intel-based computer running the Microsoft Windows

(Microsoft Corp., Redmond, WA) operating system in the
main part of the nursing station where clinicians com-
plete their written charts. The area is neither quiet nor
out of the main stream of activity, but it allowed students
to complete the tutorials without leaving the department.
The computer was not connected to either the Internet or
the hospital information system.

The computer tutorials were only available on the pedi-
atric ED computer station. Students could access them
either during a shift or on their own time. Each student
had his or her own preassigned log-in identification
and password. There were six computer tutorials in total,
but we restricted each student to only three of the tuto-
rials during his or her rotation. Which three tutorials
were available to a given student was determined for
each student before the trial started using a random
number generator. After signing in, the student would
see which tutorials were available. Access to the other
three tutorials was enabled after the participating stu-
dent had completed the posttest. The tutorials were
also available to the rest of the pediatric ED community

Table 1
List of Tutorials and Description of Their Attributes

Tutorial Subject
Educational

Objective
No. of

Screens
Instructional

Strategies
Examination Question

(Abbreviated)

Cervical spine x-ray
interpretation

Procedure for the
systematic
interpretation of
cervical spine x-rays
in trauma patients

85 Schematic illustrations
Diagnosis of unknown

x-rays

A 4-year-old child fell 4 feet
off the monkey bars. . . . List
what features of the x-ray
you feel are important.

Febrile seizures Knowledge of diagnosis
and management of
febrile seizures

33 Multiple-choice questions
with immediate
feedback

A 3-year-old girl has just had a
febrile seizure. Her eyes
rolled up and then all four
limbs began to rhythmically
jerk. It lasted for 15 minutes.
[What is] . . . the risk of
further convulsions and
[can] anything can be done
to prevent them?

Fever without source Knowledge of diagnosis
and management of
febrile children 3–36
months of age

50 Serial exposition of
knowledge content

Hypothetical case
management

A 1-year-old child presents
with a temperature of 40�C
for two days. . . . Do you
believe this child needs any
laboratory investigation?
Explain your response.

Growth plate fractures Knowledge of normal
anatomy and patterns
of injury of growth
plates

55 Schematic illustrations
Diagnosis of unknown

x-rays

Draw the Salter–Harris
classification. Include labels
of the anatomic structures.
How is this classification
useful?

Oral rehydration
solutions

Knowledge of the
physiology and
advantages of oral
rehydration solutions

38 Schematic illustrations
Animations
Matching exercises

Compare the composition of
Pedialyte with apple juice.
What factors make Pedialyte
a better choice than diluted
apple juice for oral
rehydration?

Tissue adhesives Procedure for repairing
a laceration with
tissue adhesive

38 Serial exposition of
procedure

Multiple-choice questions

A 1-year-old child has a 1-cm
laceration over his right
eyebrow. You decide to glue
it using Dermabond. What
are the potential pitfalls and
complications?
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using generic log-ins for residents, nurses, staff physi-
cians, and an ‘‘other’’ category.

We advertised the presence of the tutorials to the stu-
dents at their orientation and to the faculty using posters
in the ED, a colorful screen saver on the computer itself,
and memos sent to each faculty member with his or her
monthly schedule. We did not specifically describe the
tutorial content but presented highlights at divisional
meetings and made it clear that the faculty could peruse
the tutorials at any time.

Outcome Measures
The principal outcome measures were the number of
times the tutorials were used, as well as knowledge
gain on an examination administered before and after
the students’ two-week rotation. Secondary outcome
measures included 1) for the log file analysis: the rate of
tutorial completion and its dependence on time of day
and length of tutorial as well as the duration of use per
interaction; 2) for the knowledge gain trial: dependence
of knowledge gain on tutorial timing and tutorial subject;
3) for the student survey: attitudes toward the tutorials
overall and toward specific features of the system, such
as number of tutorials and their location, as well as opin-
ion on the degree to which the tutorials helped them
learn; and 4) for the faculty survey: attitudes toward the
tutorials and to what extent they incorporated the tuto-
rials into their teaching.

Knowledge Gain Examination. Participants completed
the same six-question short-answer examination on
days 1 and 12 of the rotation during a one-hour proc-
tored session (Table 1). The questions on the examination
were developed by one of the investigators and reviewed
by two pediatricians for face validity. Their suggestions
were incorporated into a revised test that was then
used with 20 students during a study ‘‘burn-in’’ phase.
Wording that was unclear was further revised for the
version of the examination used in the study.

After the study was completed, the examinations were
deidentified and given to three physicians for marking.
The markers were not given an answer key. Only one
had direct knowledge of the content of the tutorials.
Each was blind to the pretest or posttest status of the
examination being marked as well as to which computer
tutorials had been completed by any given student.

Compliance with randomization was determined by
comparing the tutorial topics to which an individual stu-
dent had been randomized with whether the student re-
ported doing the tutorial on the exit survey or if there
was a log file showing a record of at least partial comple-
tion of the tutorial.

Utilization Tracking. Using the Toolbook Course Man-
agement System (SumTotal Corp.), we tracked all stu-
dents’ interactions with the computer. By having the
students complete a brief log-in procedure, we were
able to track the time and duration of the interaction,
the titles of the screens accessed, and responses to mul-
tiple-choice questions embedded within the tutorials. At
the end of each tutorial, the last screen was a multiple-
choice question asking the student whether he or she
had done the computer tutorial within a certain amount

of time of seeing a patient with a condition relevant to
the subject matter of the tutorial. This was meant to
assess whether the students were using the tutorials in
a just-in-time fashion to reinforce their case-based
learning.

Because the students could navigate using a map func-
tion anywhere in the tutorial, we could not define tutorial
completion as simply viewing all of the tutorial pages. In-
stead, we considered any interaction where the student
covered 75% of the tutorial’s screens and viewed the
summary page as a tutorial completion. Tutorial interac-
tions where the student spent less than 4 minutes or
viewed fewer than five screens (trivial interactions)
were not counted in the statistics. Pauses of more than
5 minutes were not counted in the estimates of time spent
by the students on the tutorials.

Medical Student Surveys. We surveyed the students at
three different times during their pediatrics rotation. At
the time of the pretest, we asked them four questions
about their computer experience; at the posttest, we
asked which tutorials they had actually done and two
questions about their clinical experience (whether or
not they had read a cervical spine x-ray or glued a lacer-
ation, topics of two tutorials) as well as when they took
their end-of-rotation written examination. This last sur-
vey was anonymous and solicited their attitudes toward
several aspects of the computer tutorials. It was based
on the Student Evaluation of Educational Quality, a
well-known higher education student satisfaction sur-
vey.25 We selected specific questions from the Student
Evaluation of Educational Quality and minimally
changed the wording to reflect our context. We pilot
tested each of the surveys on one rotation block of stu-
dents (n = 20), asking the students to comment on clarity
and whether the intent of the questions was clear. We in-
corporated the suggested changes.

Faculty Survey. At the end of the study period, staff pe-
diatricians were surveyed as to their attitudes toward the
educational intervention. We included a stamped self-ad-
dressed postcard in the monthly mailing that included the
physician schedule to all physicians doing shifts in the
pediatric ED. The postcard listed five multiple-choice
questions on the physicians’ awareness of the tutorials
and their attitudes toward them. These questions were
developed ad hoc by the investigators and pilot tested
on three physicians at a different institution. Suggestions
were incorporated into a new draft of the survey and
reflected back to the pilot testers. They did not suggest
any further changes.

Data Analysis
We used descriptive statistics to summarize the results of
our student and faculty surveys. Medians were used
to summarize Likert-type questions, with interquartile
ranges as the indicator of the variance in the point esti-
mate. We summarized time estimates using means and
95% confidence intervals (CIs) where b = 0.20.

Sample Size. For the knowledge gain trial, we had infor-
mation from previous examinations of the students
where their average (�SD) score was 60% (�15%). Using
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a one-sample comparison of a mean to a hypothesized
value of 70% (effect size of 0.67) where a = 0.05 and b =
0.20, we estimated that we would require a sample size
of 72 subjects divided equally between control and inter-
vention groups. Given that in the actual trial we were
able to use a within-groups design, we were confident
of not making a type II error.

Marking of Examinations. We determined the inter-
marker correlations for examination scores using the in-
traclass correlation coefficient using a two-way mixed
effect model where the people effect was random while
the measure effect was fixed. We report the average mea-
sure intraclass correlation coefficient. We determined the
reliability of the examination using Cronbach’s a.

Knowledge Gain. We compared knowledge gain for stu-
dents using two-way repeated-measures analysis of vari-
ance where the within-subjects factors were the time of
test (pre vs. post) and tutorial exposure (yes vs. no). This
was the main outcome for which the study was powered.
In an exploratory fashion, we repeated the analyses suc-
cessively substituting tutorial self-report of completion
(yes vs. no) and tutorial log file present (yes vs. no) for
tutorial exposure to determine the effect size when the tu-
torials were actually done by the students. Note that these
latter analyses were done in a between-subjects fashion.
We report the results in terms of means of raw scores as
well as effect sizes (Cohen’s d) with 95% CIs calculated us-
ing the ESCI software designed by Cumming and Finch.26

The formula for Cohen’s d is as follows:

Cohen0s d ¼ðmean scoreintervention �mean scorecontrolÞ=
ðoverall standard deviationÞ

Generally accepted interpretations of Cohen’s d are
as follows: small effect size, 0.2; medium effect size, 0.4;
large effect size, 0.8.27

A priori we planned a subgroup analysis to compare
examination scores for interactions where the students
had done a given tutorial in a just-in-time fashion (i.e.,
within a shift where they saw a corresponding patient)
with those of students who had done the tutorial without
having recently seen a corresponding patient.

RESULTS

We carried out the study over a 14-month period from
July 31, 2000, to September 22, 2001. During that time,
120 students were approached and agreed to participate.

Tutorial Use
We have usage tracking information from July 31, 2000,
to June 21, 2001, when this feature was inadvertently
turned off. There were 544 interactions by 95 different
medical students with the computer over the study pe-
riod (1.7 per day). In 222 of the interactions, the student
did not complete the tutorial, defined as completing 75%
of the screens and attaining the summary page. For the
322 interactions leading to tutorial completion, the me-
dian duration of the interaction was 11 minutes (mean
[�SD], 14 [�12] minutes). This translates to more than
75 hours of instruction over 14 months.

The rate of tutorial completion decreased in direct
proportion to the length of the tutorial, although the
relationship was far from statistically significant (b coef-
ficient = �0.38 [95% CI = �1.3 to 0.5; n = 6] for completion
percentage regressed on number of screens in tutorial).
We had time stamp data from 643 of the trainee (resident
plus medical student) interactions. The majority of the in-
teractions were during the day (289 [45%]) and evening
(221 [34%]) shifts, but a surprising number occurred at
night (133 [21%]). Moreover, night shift (midnight to
7:59 AM) interactions were more likely to result in comple-
tion (81/133 [61%]) than were day (138/209 [51%]) or
evening interactions (112/221 [51%]). These differences
are statistically significant overall (chi-square p < 0.05).

The tutorials were also used by other members of the
ED community. Residents (156 interactions [20%]), other
(56 [7%]), staff physicians (21 [3%]), and nurses (11 [1%])
all attempted the tutorials.

Knowledge Gain
A total of 120 students took the pretest, with 74 of these
completing the posttest, allowing assessment of their
knowledge gain. Figure 1 summarizes the number of stu-
dents who completed the various components of the
study. Students who completed the posttest did not differ
significantly from noncompleters in their pretest scores
(difference, 2%; t-test p = 0.23).

We have descriptive information for 117 of the stu-
dents: 51 (44%) were female, 104 (89%) owned a com-
puter, 99 (85%) could access the Internet at home, and
94 (80%) checked their e-mail daily. Asked to judge the
statement ‘‘I learn well with a computer,’’ 64 (55%)
agreed or strongly agreed, while 11 (9%) disagreed or
strongly disagreed. None of these factors differed be-
tween students who completed the posttest and those
who did not.

Students attempted at least one tutorial to which they
were randomized 89% of the time (66/74), while 54/74
(73%) did all three. Eight percent of the times when a
student logged onto a tutorial, they did not complete it.
Students self-reported or had a log file suggesting that
they frequently logged onto a tutorial to which they
were not randomized (65/222 possible) by signing in
under the ‘‘resident’’ or ‘‘other’’ categories, which
did not require specific log-in codes. All of these interac-
tions were analyzed in the group to which they were
randomized.

Intermarker correlations for the examination scores
were good, with an average intraclass correlation coeffi-
cient of 0.88 (95% CI = 0.86 to 0.89). The scores of the
marker with knowledge of the content of the tutorials
did not differ from those of the other two; all three
markers’ scores were therefore used in the composite.
The reliability of the six-item test was fair, with Cron-
bach’s a of 0.48 for the pretest and 0.53 for the posttest.
Dropping any one item did not make a material differ-
ence to the overall reliability.

The scores for the pretests and posttests are reported
in Table 2. Overall, test scores improved from an average
(�SD) of 2.9 (�1.9) out of 10 on the pretest to 4.9 (�2.4) on
the posttest, which corresponds to a large statistically
significant effect size for the rotation as a whole: Cohen’s
d of 1.9 (95% CI = 1.5 to 2.2).
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Main Knowledge Outcome Variable
For the 74 students who completed both tests, exposure
to the tutorials resulted in a greater knowledge gain. For
the three questions in the control condition, the students
improved by 5.0 points out of 30 (16.7%); when exposed to

the tutorials, they improved by 7.5 points (25%). This cor-
responds to a moderate effect size (Cohen’s d = 0.39; 95%
CI = 0.15 to 0.62). When we look at the tutorials that the
students actually did, the effect was similar whether as-
certained by log file (d = 0.58; 95% CI = 0.28 to 0.88) or stu-
dent self-report on the exit survey (d = 0.33; 95% CI = 0.04
to 0.62). The log file analysis includes only student interac-
tions during the period when logging was performed.

Considering the tutorials individually, for five of the six
tutorials, there was at least a moderate effect size that
ranged from 0.43 to 0.77 (see Table 2). The one topic
where the computer tutorial made little difference (d =
0.08; 95% CI = �0.38 to 0.53) was the tutorial pictorially
outlining the Salter–Harris Fracture Classification. This
was the topic with the greatest knowledge gain overall
from pretest to posttest. Both groups went from a score
of <1 of 10 on the pretest to approximately 6 of 10 on the
posttest, the highest score of all the topics.

Planned Subgroup Analysis
Our planned subgroup analysis examined whether doing
the tutorials in a just-in-time fashion resulted in greater
knowledge gain. There were 107 instances where the stu-
dent completed the tutorial and there was information in
the log file as to the timing of the tutorials with respect to
patient cases. In the 16 instances where the tutorial was
done within a shift where the student had seen a patient
with the corresponding condition (compared with 91
where it was not), there was a moderate effect (d =
0.47), although it did not achieve statistical significance
(95% CI = �0.07 to 1.00; power = 0.37) (Figure 2).

Exploratory Subgroup Analyses
On univariate analysis, the following factors were not as-
sociated with improved knowledge gain: gender, affinity
for computers, computer ownership, and frequency of
checking e-mail.

We asked the students whether they had 1) read a cer-
vical spine x-ray and/or 2) used tissue adhesive to repair
a laceration (each were topics of a tutorial). Students who
had performed either of these tasks had increases in test
scores that would be of practical significance. Students
who had seen a cervical spine x-ray during the rotation
had an effect size attributable to the tutorial of 0.20
(95% CI = �0.6 to 2.2) compared with 2.2 (95% CI = 1.4
to 2.9) for those who had not. Students who glued a lac-
eration had an effect size attributable to the tutorial of
0.31 (95% CI = �0.6 to 1.2) compared with 0.6 (95% CI
= �0.6 to 1.8) for those who had not. However, these in-
teractions between the procedure and the tutorial were
not statistically significant. The observed power for these
comparisons is very low (power <0.20).

Student Survey
Of the 140 students available during seven rotation pe-
riods, 112 (80%) returned the survey soliciting their atti-
tudes toward the computer tutorials and the rotation as
a whole. For any given variable, there were between
five and nine data points coded as missing. The results
are reported in Figure 3, with student attitudes toward
the tutorials largely positive. On the whole, the students
did not find the tutorials ‘‘disruptive,’’ although there
was considerable variability on this question. The

Figure 1. Study flow diagram showing the flow of medical

students who entered the knowledge gain part of the study.

Each student was randomly assigned three of the six avail-

able tutorials.
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students would have preferred a greater selection of tu-
torials beyond the six available. Of note, the students
did not find the location of the tutorials, in the middle
of a busy nursing station, to be problematic. Most stu-

dents agreed with the statement that the tutorials should
be done soon after seeing a patient with a relevant condi-
tion.

When asked to attribute their learning (excluding
learning at the bedside from their patients), the 99 stu-
dents who replied to the question believed they learned
the most from their preceptors in the pediatric ED
(32% � 17%) and their own reading (42% � 19%), com-
pared with the scheduled small group learning sessions
(14% � 11%) or the computer tutorials (11% � 7%). Inter-
estingly, 54% of the students ranked the computer tuto-
rials higher than the small group teaching sessions
(Wilcoxon; p = 0.05), while only a minority preferred
them to the pediatric emergency medicine preceptors
(19%) or their own reading (10%).

Faculty Survey
We distributed 59 faculty surveys and had 37 returned
(63%). Asked whether they were aware of the tutorials
being in the department, the majority (70%) responded
affirmatively. However, relatively few had looked at the
content of the tutorials, with 20% having seen more
than one, 26% one, and 54% none of the six tutorials.
Only one of the respondents had seen all six tutorials.
We asked whether the faculty respondents had ever di-
rected the students to do the tutorials. Most responded
that they either never (50.4%) or rarely (22%) did so;
however, 11% responded that they directed students to
the tutorials on ‘‘most’’ shifts. Asked whether they be-
lieved that having the students do the tutorials during
their shifts was disruptive, the majority either strongly
disagreed (20%) or disagreed (51%), although a substan-
tial minority (28%) did indeed think they might be disrup-
tive. Finally, we asked the faculty to speculate on whether
it was better for the students to do the tutorials ‘‘right af-
ter’’ a patient encounter versus on their free time. A

Table 2
Results of Knowledge Gain Trial

Tutorial
Subject

No. of
Students

Exposed to
This Tutorial

(N = 74)

No. of
Students Who

Completed
the Tutorial

(% of exposed)

Pretest Score
(x out of
10 � SD)

Posttest Score
(x out of
10 � SD)

Cohen’s d:
for Effect of

Tutorial
Compared

with No
Tutorial
(95% CI)

p-value
(t-test,

df = 72)
Not Exposed

to Tutorial Exposed
Not Exposed

to Tutorial Exposed

Cervical spine x-rays 40 31 (78) 3.1 � 1.5
(n = 34)

3.3 � 1.2
(n = 40)

4.5 � 1.4
(n = 34)

5.4 � 1.9
(n = 40)

0.43
(�0.04, 0.89)

0.07

Febrile seizures 29 23 (79) 2.6 � 2.0
(n = 45)

2.4 � 1.5
(n = 29)

3.6 � 2.1
(n = 45)

4.6 � 2.1
(n = 29)

0.54
(0.06, 1.0)

0.03

Fever without source 47 33 (70) 4.4 � 1.0
(n = 27)

4.3 � 1.3
(n = 47)

4.3 � 1.7
(n = 27)

5.3 � 1.6
(n = 47)

0.61
(0.12, 1.1)

0.01

Growth plate
fractures

36 17 (47) 0.8 � 1.7
(n = 38)

1.0 � 1.6
(n = 36)

5.9 � 3.3
(n = 38)

6.4 � 3.4
(n = 36)

0.08
(-0.38, 0.53)

0.75

Oral rehydration
solutions

35 25 (71) 3.3 � 1.7
(n = 39)

3.1 � 1.3
(n = 35)

3.7 � 2.1
(n = 39)

5.3 � 2.1
(n = 35)

0.77
(0.1, 1.5)

0.001

Tissue adhesives 35 16 (47) 3.3 � 1.7
(n = 39)

2.8 � 1.9
(n = 35)

4.8 � 2.1
(n = 39)

5.2 � 2.0
(n = 35)

0.45
(0.01, 0.91)

0.06

Overall mean 37 ± 6 24 ± 7

(65% ± 15%)

2.8 ± 2.0 2.9 ± 1.8 4.47 ± 2.3 5.39 ± 2.3 0.39

(0.15, 0.62)

0.001

Overall mean irrespective

of tutorials

2.9 ± 1.9 4.92 ± 2.4 1.9

(1.5, 2.2)

Figure 2. Individual question scores by tutorial timing. This

shows how pretest to posttest increases in mean scores are

affected by whether the tutorial is done in concert with see-

ing a relevant patient. The histograms on the left show the

gain for students in the control condition (did not do a tuto-

rial but may have seen a relevant patient). The histograms in

the middle show the scores of students who did a computer

tutorial but did not see a patient relevant to the given

tutorial within the concurrent eight-hour emergency de-

partment shift. The histograms on the right show the knowl-

edge gain for students who did a tutorial within eight hours

of seeing a relevant patient. This was a planned subgroup

analysis. The difference between these two latter groups is

not statistically significant (p = 0.10; b = 0.37).
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sizeable majority believed that coupling the tutorial with
a patient encounter would be preferable (strongly agree,
27%; agree, 44%).

DISCUSSION

We have demonstrated that the use of brief, focused
computer tutorials for medical student learning is feasi-
ble within a busy clinical setting. CAI has been used in
a wide variety of clinical settings, including primary
care clerkships,28 outpatient rotations,2 and EDs.24,29 Re-
cent meta-analyses have shown that, for medical
trainees, CAI is effective.8,30–32 However, comparatively
few of these interventions were performed directly in a
clinical setting where the trainee is charged with seeing
patients.

Cook et al. developed Web-based modules on common
conditions encountered in an internal medicine resident
continuity clinic.2 They compared this intervention with
a paper-format evidence-based guideline for each topic
using a randomized crossover design. Each resident
completed two topics using paper and two using the
Web-based intervention over a one-year period. The
main outcome was resident format preference, with
78% of 73 students preferring the Web format compared

with 16% who preferred the print version. There was no
difference in effect size (approximately 0.66 for each
group). Several of their subjects suggested that time
should be set aside specifically for doing the tutorials.
There is no documentation of how much the residents
learned on these topics from their patients.

Kerfoot et al. added a Web-based teaching component
to a medical student urology rotation at four medical
schools.30 Using a randomized-block design similar to
ours, they randomized 351 students, with 210 eventually
completing the Web tutorials and the pretest and post-
test. The intervention consisted of text-based Web tuto-
rials on two topics; the control condition was two
topics for which the students did not receive any supple-
mental teaching. They demonstrated an outstanding ef-
fect of the tutorials with an effect size of 1.52. However,
again it is not clear how the tutorials leveraged clinical
learning; on each of the four topics tested, the students
learned comparatively little from the rotation itself.

What is not clear from the studies by Cook et al. and
Kerfoot et al., or similar studies, is how the learning
from the computer tutorials interacts with the learning
from the clinical experiences of the trainees. We sought
to embed tutorials right into the students’ day-to-day
clinical experience to take best advantage of clinical
context (situating the learning), the computer tutorials
(multimedia learning), and the interaction between the
two (just-in-time learning).

We believe that the single most important finding of
this study was that medical students on rotation in a
busy clinical setting could and would do the computer tu-
torials. The tutorials were not mandatory. Our faculty did
not, despite our encouragement, directly instruct the stu-
dents to do the tutorials. Nonetheless, 89% of students
did at least one tutorial, while 73% did all three assigned
to them. In addition, a significant percentage did extra tu-
torials. Over a 14-month period, the tutorials delivered at
least 75 hours of direct instruction, much of it during off-
hours. Our anecdotal experience was that the students
did the tutorials at slow times in the ED when there
were no patients to be seen. The fact that the computer
was in a busy, highly visible area of the ED did not
hamper the students’ willingness to use it.

The tutorials were effective in increasing examination
scores. When students had a tutorial available to them,
they scored one third higher on that question compared
with the control condition. This corresponds to an effect
size of 0.39, which is moderate by Cohen’s guidelines.27

This estimate is likely a conservative measure of the poten-
tial effect of embedding tutorials in a clinical setting. Con-
tamination of the control group with tutorial knowledge
occurred in at least 25% of interactions. Also, the low reli-
ability of our examination would increase the noise in the
data, resulting in effect size estimates biased downward.
Even though the real estimate is likely higher, an effect
size of 0.39 is educationally important. For perspective,
the average effect size attributable to CAI in large meta-
analyses in a variety of settings is approximately 0.42.7

It can be argued that this effect is the result of the com-
puter tutorials shifting the educational agenda of the stu-
dents as opposed to necessarily increasing their learning.
If the tutorials had not been there, the students might
have learned the same amount from the rotation as a

Figure 3. Students’ attitudes toward tutorials and rotation.

The results of a satisfaction survey of students at the end of

their pediatrics rotation are shown. The darkest middle line

is the median response, and the gray box represents the in-

terquartile range. Whiskers are the 5% and 95% percentiles.
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whole, just not as much on the six particular topics for
which there was a tutorial. We argue that this ability to
set the educational agenda within a clinical rotation is a
powerful tool for the medical educator.15 In addition, if
the topics and instructional strategies of the tutorials
are carefully chosen, the tutorials have the potential to
increase learning compared with what the students
would have been doing otherwise. Using a just-in-time
approach to maximize the advantages of knowledge
relevance, applicability, and timeliness can be done by
anticipating the needs of learners within their working
and learning settings and managing the content for the
purposes of optimal computer and human interplay.20,33

There are many ways in which we could increase the
impact of the computer tutorials. The most obvious is
to increase faculty awareness of the tutorials and their
content. Our faculty members were largely unaware of
the content of the tutorials, with the vast majority having
seen one tutorial of the six. They referred students to the
tutorials only rarely. A faculty development program that
centered on incorporating the tutorials into clinical
teaching could have the advantage of increasing the
use of the tutorials and of raising the level of the fac-
ulty–student interchange by including the often-superior
visual material of the tutorials.32

We believe that students would be more likely to do the
tutorials if the faculty explicitly endorsed them on a day-
to-day basis. One option is to make the tutorials a manda-
tory part of the curriculum in the same way that lectures
or small group sessions are. We would need to seek a
careful balance between allowing the students to use
the tutorials in an a la carte manner that allows them to
pursue their own learning needs and explicitly mandat-
ing activities that the students may have covered in a dif-
ferent but equally valid manner.

An example of this tension is our experience with the
growth plate fractures tutorial. Going into the study,
this was one of the tutorials with which we were most
pleased. Using computer graphics and animations, it
visually explained how to categorize growth plate frac-
tures according to the Salter–Harris classification and
discussed prognosis and management. However, in the
trial, this tutorial, to our surprise, was the least effective,
with an effect size of essentially zero, compared with ap-
proximately 0.7 for the other tutorials. What we think
happened is that we did not take into account the dedica-
tion of our surgical ED faculty in teaching this concept. It
would be rare for a student to leave a shift in the surgical
part of the ED without the preceptor having explained
the concept to the student, complete with drawings
scrawled on the back of an x-ray envelope. The students
went from pretest scores of zero to very high scores,
even in the control condition. There was simply no edu-
cational room left for our tutorial to exploit. The students
recognized this when they made choices as to which ed-
ucational activity to pursue. For students randomized to
the growth plate tutorial, fewer than half actually did
the tutorial, compared with >70% for most of the other
tutorials.

This example points to a larger truth about the use of
computer tutorials to supplement learning in a clinical
setting. We have shown that they can be effective and
that students are willing and able to do them while on

clinical duty. However, like others, we believe the best
use of these tutorials will be determined by the local con-
text, which includes taking into account what is best
learned from patients and preceptors and then explicitly
choosing computer tutorial content and instructional
strategies that best fill in the gaps that remain.1,34

LIMITATIONS

We had some technical problems while conducting the
study. Not all students who took the pretest completed
the posttest due to a miscommunication between study
personnel. The effect of this on our main outcome varia-
ble is mitigated by the within-subjects design of the
study. For our between-subjects comparisons, there is
no reason why this random event would be expected to
result in a systematic difference between the completers
and noncompleters. This could affect the generalizability
of the results in that we did not consecutively sample all
students in a medical school class. All measured out-
comes were analyzed in the groups to which they were
randomized regardless of whether they did the tutorials
or not.

This is essentially a ‘‘black-box’’ evaluation in which we
have shown that our intervention can be effective, but we
have not directly shown which specific features of the tu-
torials lead to the positive benefits. There may be specific
instructional designs within the tutorials that lead to the
benefits, but we can only speculate as to which features
were most helpful.

The quantitative estimate of the effect of the tutorials
was almost certainly diminished by contamination,
wherein the positive effect of the intervention spilled
over to the control condition.35 In this case, we know
that for >25% of the interactions, the subjects actually
did tutorials to which they had not been randomized. In
addition, it is likely that the students talked about the con-
tent of the tutorials or may have shown each other the tu-
torials while on shift together. We could have designed a
tighter log-in system to lock the students into their as-
signed condition. However, the students were implicitly
endorsing the tutorials by effectively saying that seeing
the content of the tutorials was important to them.

Another limitation of our findings is that the subgroup
analyses are underpowered to exclude the possibility of a
type II error. It will be interesting to design studies to ex-
plicitly examine the interaction of these brief computer
tutorials with actual clinical experience. For example,
we have hints that, at least for knowledge examinations,
the computer tutorials may lead to even greater learning
if done in conjunction with seeing a relevant case or per-
forming a relevant procedure. However, in the absence
of random assignment and sufficient power, we can
only use these findings for hypothesis generation.

We need to verify that the tutorials are not replacing
potentially more important learning from preceptors or
patients. Doing computer tutorials instead of seeing pa-
tients is clearly an unacceptable trade-off. Our patient
tracking system and our study design were not capable
of ensuring that the number of patients seen by the stu-
dents did not decrease because of the time taken to com-
plete the tutorials. We counted on the social pressure of
having the computer station in the busiest part of the
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nursing station to ensure that it was used in a responsible
manner. Other limitations include the lack of a test of re-
tention over an extended period and the use of instru-
ments that have not been fully validated.

CONCLUSIONS

In this study, we showed that medical students can and
will do computer tutorials presented on a station embed-
ded in the heart of a busy ED. Our tutorials were explic-
itly designed to be brief, focused, and relevant and to use
computerized instructional strategies to best advantage.
Using a randomized controlled trial, we demonstrated
that exposure to the tutorials can significantly improve
knowledge outcomes. In addition, surveys of both stu-
dents and faculty showed positive attitudes toward the
tutorials, although their importance relative to bedside
learning should not be overstated. There is considerable
potential to refine the technique by optimizing the timing
of tutorial delivery, the degree of preceptor involvement,
and the choice of content and instructional strategy.

The authors thank Maria Campo, who organized the orientation
of the students to the study and their testing; Margaret Col-
bourne, who marked examinations; David Smulders, who per-
formed much of the literature search for this manuscript; and
the medical students who created the tutorials and those who
did them.
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