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Abstract
Objective: To compare medical knowledge acquisition among

emergency medicine (EM) residents who attend weekly core con-

tent lectures with those absent but asynchronously viewing the

same lectures in a Web-based electronic platform. Subjects and

Methods: During the study period all EM residents attending or

absent from weekly educational conferences were given a quiz on

the covered material. During Phase 1, absentees were not given

supplemental educational content for missed lectures. During

Phase 2, absentees were sent a link to an online multimedia

module containing an audiovisual recording of the actual missed

lecture with presentation slides. Scores between attendees and

absentees during both phases were compared using a repeated-

measures analysis to evaluate the effect of the supplemental on-

line module on knowledge acquisition. Results: Thirty-nine EM

residents (equally distributed in postgraduate years 1–4) were

studied during a 15-week period. Overall and after adjusting for

sex and postgraduate year level, both lecture attendance (b = 27;

95% confidence interval, 22–32; p < 0.0001) and Web-based

learning (b = 32; 95% confidence interval, 26–37; p < 0.0001)

were associated with significant increases in test scores compared

with residents who were absent and not receiving supplemental

Web-based learning. Neither the self-perceived level of mastery

with the lecture topic nor the amount of reported reading was

found to be a predictor of test scores. Conclusions: In an EM

residency program, asynchronous Web-based learning may result

in medical knowledge acquisition similar to or better than at-

tending traditional core content lectures. The percentage of cur-

riculum delivery by asynchronous learning that may be used to

achieve overall terminal learning objectives in medical knowledge

acquisition requires further study.

Key words: distance learning, telemedicine, technology, emergency

medicine, education

Introduction

D
idactic learning is an important component of postgrad-

uate training in emergency medicine (EM). It can both

reinforce and prepare trainees for clinical learning in the

emergency department (ED).1–3 EM educators have a

variety of tools to provide excellent didactic curricula such as

problem-based learning, small group sessions, simulation, skills-

based learning, and others.4,5 However, using an Internet-based

platform to deliver content is becoming an increasingly attractive

way to teach.4,6–9

Because the clinical experience of any single trainee will vary,

didactic curricula are an important way to bring about some uni-

formity and standardization of learning within programs. However,

the logistics of providing a uniform didactic curriculum to each

trainee is challenging because of the need for continuous physician

coverage in the emergency department, rotating shift schedules for

trainees and faculty, duty hour requirements, and having trainees at

geographically disparate hospitals within a single program. Al-

though not a panacea, Web-based learning (WBL) modules may

help overcome some of the logistical challenges of delivering di-

dactic content. Learners may log in and complete an educational

activity asynchronously and from any place they have an Internet

connection.

Within graduate EM education, published data on WBL have

largely been related to focused modules on certain topics within the

larger EM curriculum, such as pediatric EM,10 emergency ultra-

sound,11,12 bioterrorism,13 pediatric medication dosing,14 and others.

However, WBL could be used more widely across the spectrum of the

graduate EM curricula and has the potential to be routinely used

within a program to ensure core content delivery.

The purpose of this study was to evaluate WBL across a variety of

topics in a general EM curriculum by comparing knowledge acqui-

sition by learners who received training in a traditional lecture

format with those who received training on the same topics via In-

ternet-based learning modules.

Subjects and Methods
STUDY DESIGN

This is a prospective study involving EM residents at a single

residency program from December 2009 until April 2010. The in-

stitutional review board at The George Washington University ap-

proved the study, and the study was exempt from review and

informed consent requirements.
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STUDY SETTING AND POPULATION
Didactic conferences in EM training programs are an important

part of the educational curriculum. Delivery of some core content

lectures via WBL modules is a potentially an attractive way to deliver

a portion of this content. We combined our data from 15 weeks of EM

weekly conferences and included all residents postgraduate years 1–4

in the department regardless of their presence or absence from

weekly conferences.

STUDY PROTOCOL
During the study period all EM residents, whether present or absent

from the weekly educational conference, were given a quiz on the

covered material. During Phase 1 (observational phase), absentees

were not given supplemental educational content for missed lectures.

During Phase 2, absentees were sent a link to an Internet-based

learning module containing a multimedia file with an audiovisual

recording and the presentation slides of the actual missed lecture.

During both phases, attendees and absentees were asked to take a

quiz related to covered material each week. The quiz was e-mailed to

any resident who did not complete it in person on the day of con-

ference. The lecturer was asked to develop a quiz of multiple choice

questions covering key concepts from his or her lecture. In some

cases, if the lecturer did not provide a quiz, one of the study authors

reviewed the content and created the quiz. Both attendees and ab-

sentees were given the same quiz. In addition to knowledge ques-

tions, residents completed questions asking about perceived level of

subject mastery and self-reported assessment of their independent

reading of the subject matter prior to the quiz. The core content topics

covered during the study are listed in Table 1.

DATA ANALYSIS
Scores between attendees and absentees during both phases were

compared using repeated-measures analysis to evaluate the effect of

the supplemental online module on knowledge acquisition. Different

test scores of each person were assumed to be correlated to each

other; thus the data were considered as panel (longitudinal) data. We

used two different approaches: a fixed effect model (in which we

assumed the format of lectures was the only predictor of score) and a

random effect model (in which we assumed lecture format and some

of the person-related variables such as gender, residency year of

training, self-perceived level of mastery, and reported reading were

the predictors of score). Further statistical analysis using the Durbin–

Wu–Hausman test confirmed that the two approaches were similar,

so we report the results of the fixed effect model here.15 Further

testing in the final model showed clear indication of hetero-

skedasticity. We used a robust sandwich estimator of variance for the

final model. All analyses were performed by Stata version 10.1

(StataCorp, College Station, TX).15

Results
Thirty-nine EM residents were studied during a 15-week period.

They were equally distributed among postgraduate years 1–4, and

62% were female. From 585 expected completed quizzes 444 (76%)

quizzes were completed. Among them, 247 (56%) attended the

classes, 138 (31%) were absent from the lecture but had supplemental

WBL, and 59 (13%) were absent with no supplemental WBL (Fig. 1).

Scores for attendees and absentees were plotted at baseline and after

the study intervention (Fig. 2). During Phase 1 (observational phase)

lecture attendance was associated with significantly higher quiz

scores compared with those absent ( p < 0.0001). In Phase 2, lecture

attendance was associated with a 27% higher score (95% confidence

Table 1. Lecture Topics Covered in Weekly Conferences

Traumatic brain injury

Diabetic ketoacidosis

Rhabdomyolysis

Hemolytic uremic syndrome

Urinary tract infection

Aggressive behavior

Anaphylaxis

Palliative care in ED

Sickle cell disease

Pediatric rash

Vasculitis

Upper extremity injuries

Barotitis media

Procedural sedation

COPD/bronchitis/asthma

COPD, chronic obstructive pulmonary disease; ED, emergency department.

Fig. 1. CONSORT diagram.

POURMAND ET AL.

170 TELEMEDICINE and e-HEALTH MARCH 2013

http://online.liebertpub.com/action/showImage?doi=10.1089/tmj.2012.0119&iName=master.img-000.jpg&w=228&h=174


interval, 22–32%; p < 0.0001) and WBL with a 32% increase in test

score (95% confidence interval, 26–37%; p < 0.0001) compared with

residents who were absent and not receiving supplemental WBL. This

group had a mean test score of 61% (Table 2). Neither the perceived

level of mastery with the lecture topic nor the amount of reported

reading was found to be a predictor of test scores.

LIMITATIONS
This study involved a single residency program with internally

developed content and quizzes, which may limit some generaliz-

ability. It is possible that there were confounders that modified the

effect of adding WBL as an option for our program, such as an in-

crease in the desire to submit correct answers causing either increased

use of book resources or increased use of other online resources or

search engines to find the correct answer, but the reported amount of

topical reading did not increase across the 15 weeks of the study.

During the study, we used submission of a completed quiz as a sur-

rogate that the trainee viewed the WBL module. However, we could

not control for their using other resources to answer asynchronous

quizzes. However, if a WBL module and quiz influenced them to use

additional resources, we believe that overall WBL had a positive

impact on learning.

Finally, this was not a blinded study. Residents knew they were

being offered a novel educational strategy, and the effects may not

persist over time or across lectures varying in quality.

Discussion
Within an EM training program, it is nearly impossible for every

learner to attend every scheduled didactic session across the entire

curriculum. Educators rely on strategies such as independent reading

and redundancy in the didactic schedule to help give maximum ex-

posure to every resident on core topics. In this study, quiz scores sig-

nificantly improved when residents who missed a didactic conference

were given supplemental leaning via the Internet, compared with when

they were not given any supplemental learning and were left to read (or

not) on their own. And, when given WBL modules, trainees who missed

traditional conferences scored equally well or slightly higher than

those who attended the traditional lecture format.

These findings are consistent with what has been reported elsewhere.

In a meta-analysis of WBL in health professions, Cook et al.7 reported

that when compared with no intervention, WBL consistently had a

positive effect, and when compared with non–Web-based methods there

were generally small positive effects or no difference in effect at all.

For EM residency programs, this may have several implications.

When residents must miss educational conferences because of clin-

ical responsibilities, vacation, or illness, recording and archiving of

educational conferences are feasible.9 Recording and archiving in a

digital format may have several advantages. Digital audio and/or

video files can be distributed via a link from a common Web site for

download by students and residents. Website distribution can be

password-protected, and oftentimes file access can be tracked, thus

giving credit to residents for ‘‘on-line’’ attendance. The digital files

can be sent via e-mail in a targeted fashion to those who actually

missed conference or those need remediation in certain topics.

This study suggests that for core content material, WBL can be

equally as effective as attendance at a lecture. Thus training programs

may choose to deliberately deliver a portion of their educational

content electronically for everyone, not just those who miss con-

ference. The Accreditation Council for Graduate Medical Education

common program requirements for EM mandate a minimum of 5 h of

educational conferences per week. However, they allow up to 20% to

be ‘‘individualized interactive instruction’’ and allow programs to

apply for innovation and experimentation projects in their pro-

gram.16 Thus, there is room for program directors to be innovative

not just in what they teach, but how they deliver it.

Additionally, many programs at academic centers have learners

beyond residents such as medical students, allied health students,

international programs, and continuing medical education courses.

Some modules may be suitable for many levels of learners (just as

Fig. 2. Mean (standard error) quiz scores for attendees (dashed
line) and absentees (solid line) during the study period.
Triangles indicate the participants who were absent and have not
participated in Web-based learning courses. *After week 7 (Phase
2) absentees were sent supplemental Web-based learning on the
lecture material they missed.

Table 2. Effect of Lecture Type on Test Score from
a Fixed Effect Model with Robust Sandwich Estimator

MEAN % CHANGE
IN SCORE (95% CI) P VALUE

Absentees Baseline

Lecture attendance 27 (22–32) < 0.0001

Web-based attendance 32 (26–37) < 0.0001

Intercept 61 (57–66) < 0.0001

The model is adjusted for the gender and residency year. R2 = 0.39.

CI, confidence interval.
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various learners often attend residency grand rounds in addition to

residents) or may be altered and adapted using a single media file for

many audiences. Over time we anticipate these strategies will provide

economies of scale and increase the efficiency of faculty teaching

time. It may even be feasible to share digital educational file across

programs, allowing regional or national standardization of teaching

certain topics or helping programs with less educational resources to

implement WBL.

As with any delivery of educational content, planning and prep-

aration are keys to quality. For programs to use WBL they must make

an investment in some equipment, software programs, and server

space. Faculty and staff expertise must be developed in this area as

well.8 With time and internal evaluation, programs must learn what

works effectively for them. Current research suggests that learning

outcomes with WBL in the health professions are improved with

factors such as interactivity, practice exercises, and feedback sys-

tems.17 Such research is still new, and there exists a large opportunity

to study how best to use electronic formats in health education and

how to best teach the next generation of emergency physicians.

Disclosure Statement
No competing financial interests exist.
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