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INTRODUCTION

Asthma presents as symptoms associated with airway 
inflammation and bronchial hyper-responsiveness. The 
prevalence and socioeconomic burden of asthma have in-
creased over the last three decades [1-3]. There have been 
considerable advances in asthma care, and numerous 

asthma-control guidelines have been developed interna-
tionally. However, several factors make asthma manage-
ment unsatisfactory [4,5]. In particular, the complexity of 
asthma guidelines may interfere with their use in clinical 
practice. Thus, educational tools are necessary to bridge 
the gap between asthma guidelines and clinical practice. 
Various educational programs and interventions (e.g., 
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Background/Aims: Effective educational tools are important for increasing ad-
herence to asthma guidelines and clinical improvement of asthma patients. We 
developed a computer-based interactive education program for asthma guideline 
named the Virtual Learning Center for Asthma Management (VLCAM). We eval-
uated the usefulness of program in terms of its effects on user awareness of asth-
ma guideline and level of satisfaction.
Methods: Physicians-in-training at tertiary hospitals in Korea were enrolled in a 
cross-sectional questionnaire survey. The e-learning program on asthma guide-
line was conducted over a 2-week period. We investigated changes in the aware-
ness of asthma guideline using 35-item self-administered questionnaire aiming 
at assessing physicians’ knowledge, attitude, and practice. Satisfaction with the 
program was scored on 4-point Likert scales. 
Results: A total of 158 physicians-in-training at six tertiary hospitals completed 
the survey. Compared with baseline, the overall awareness obtained from the 
scores of knowledge, attitude, and practice was improved significantly. Partici-
pants were satisfied with the VLCAM program in the following aspects: helpful-
ness, convenience, motivation, effectiveness, physicians’ confidence, improvement 
of asthma management, and willingness to recommend. All items in user sat-
isfaction questionnaires received high scores over 3 points. Moreover, the prob-
lem-based learning with a virtual patient received the highest user satisfaction 
among all parts of the program.
Conclusions: Our computer-based e-learning program is useful for improving 
awareness of asthma management. It could improve adherence to asthma guide-
lines and enhance the quality of asthma care.
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card games, video simulations, and computer software) 
have been developed to improve adherence to national/
global asthma guidelines [6-9]. We devised a new com-
puter-based e-learning program for asthma guideline 
named the Virtual Learning Center for Asthma Man-
agement (VLCAM), which is based on established Kore-
an Asthma Management Guideline [10]. It was designed 
to increase physicians’ adherence to asthma guidelines 
through interactive self-learning. This study assessed 
the usefulness of the program in terms of asthma guide-
line awareness and user satisfaction.

METHODS

E-learning education program 
The VLCAM program provides information on evi-
dence-based asthma management. It consists of four 
sections: asthma guideline e-book, self-assessment, 
problem-based learning with a virtual patient, and 
online reference room (Fig. 1A). The asthma guideline 
e-book section consists of six parts such as diagnosis, 
asthma medication, risk factors and prevention, assess-
ment and management, exacerbation management, and 
special situations in asthma. The interface is presented 
as pages, which the user can flip through by clicking on 
the button of each page using the mouse pointer. The 
learner can select topics and study at their own pace. The 
self-assessment section consists of 20 questions; feed-
back is provided to the user after an answer is submit-
ted. This section focuses on improving the participants’ 

asthma management skills. Problem-based learning 
with a virtual patient is a unique aspect of the VLCAM 
program, and it involves the use of virtual patient sim-
ulation. The virtual patient’s complaint is presented as 
text with voice narration. The patient’s photographs, ra-
diographs, laboratory findings, and auscultation sounds 
are available to the user. Users perform a focused history 
and physical assessment to determine the diagnosis and 
formulate a management strategy. Users play the role 
of a healthcare provider and refine their clinical skills, 
including making diagnostic and therapeutic decisions, 
by reviewing virtual asthma patients (Fig. 1B). The ref-
erence room section provides asthma guideline docu-
ments, management cards, action plans, and patient 
handouts. These are available at http://www.copd-asth-
ma.co.kr and http://www.kaaf.org.

Subjects
A questionnaire-based study was performed between 
December 2010 and January 2011. Questionnaires were 
distributed to 170 physicians-in-training working at 
six tertiary hospitals in South Korea. Participants com-
pleted an asthma guideline awareness questionnaire at 
the beginning of the study and then used the VLCAM 
program for 2 weeks. Subsequently, participants com-
pleted a questionnaire assessed asthma guideline aware-
ness and user satisfaction of the program. A total of 158 
subjects were included in the present study. This study 
was approved by the Seoul National University Hospital 
Institutional Review Board (No. 1511-095-721). Informed 
consent was exempted by the board.

Figure 1. (A) Main introduction screen of the Virtual Learning Center for Asthma Management (VLCAM) program and (B) 
problem-based learning with a virtual patient. 
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Format of the questionnaire
The questionnaire was divided into two parts: evaluation 
of asthma guideline awareness and user satisfaction. Ba-
sic personal characteristics were queried, including age, 
sex, specialty, years of medical practice, experience in 
asthma treatment, and familiarity with asthma guide-
lines. Asthma guideline awareness was evaluated from 
35 questions regarding knowledge (20 questions), atti-
tude (10 questions), and practice (5 questions). Knowl-
edge, attitude, and practice survey is a representative 
study of a specific population to collect information on 
what is known, believed and done in relation to a par-
ticular topic. Participants were questioned about their 
understanding of asthma management and their level of 
agreement toward outcome expectancy with appropriate 
care to measure their attitude. Practice refers to the ways 
in which participants demonstrate their knowledge and 
attitude in clinical practice (Appendix 1). User satisfac-
tion was assessed by means of questions on 11 items as 
the following contents: helpfulness, convenience, moti-
vation, effectiveness, physicians’ confidence, improve-
ment of asthma management, and willingness to rec-
ommend the VLCAM program. 

Asthma guideline awareness 
The total score of 100 were weighted as follows: knowl-
edge = 40, attitude = 40, and practice = 20. In the knowl-
edge section, responses received a score of 1 point for 
a correct answer and 0 points for others (incorrect and 
“don’t know” responses); the total score was multiplied 
by 2 to give a final score out of 40. The responses in the 
attitude and practice sections were scored with 4-point 
Likert scale to give total scores of 10 to 40 and 5 to 20, 
respectively. Higher scores of knowledge, attitude, and 
practice indicated higher levels of awareness of asthma 
management.

User satisfaction 
We were trying to develop an instrument to measure 
satisfaction of program with using 4-point Likert scale 
considering racial/ethnic differences in response pref-
erences and separation from the neutral options [11]. 
The questionnaires regarding helpfulness adopted the 
following scale: very helpful, 4 points; somewhat help-
ful, 3 points; somewhat not helpful, 2 points; and not at 

all helpful, 1 point. Physicians were asked if they agreed 
or disagreed with a list of statements regarding pro-
gram: strongly agree, 4 points; somewhat agree, 3 points; 
somewhat disagree, 2 points; and strongly disagree, 1 
point. Participants were invited to provide additional 
comments on the VLCAM program. 

Statistical analysis
A statistical analysis was performed using the SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). All descriptive 
statistics are presented as mean ± standard deviation 
(SD). A paired t test was used to compare mean scores 
before and after using the VLCAM program. A p < 0.05 
was interpreted as significant. 

RESULTS

Basic characteristics of subjects
A total of 158 physicians-in-training completed the 
study (response rate, 93%). The mean age of participants 
was 28.2 ± 3.1 years (range, 21 to 39) and females account-
ed for 50.6% of the total. Most of the participants (95.6%) 
were internal medicine physicians; others were family 
physicians and medical interns. Of these physicians, 
82.7% had experience with asthma patient care, but only 
64.2% were familiar with asthma guidelines. The base-
line characteristics of the subjects are shown in Table 1.

Awareness of asthma guideline
After the 2-week program, significant improvements 
were observed in the mean total score from 80.3 to 85.1 
out of 100 (p < 0.001). The mean scores were also signifi-
cantly increased at knowledge (29.2 vs. 30.9 out of 40), 
attitude (34.9 vs. 36.5 out of 40), and practice (16.2 vs. 17.5 
out of 20), respectively (p < 0.001) (Fig. 2).

User satisfaction 
The VLCAM program received high ratings for all user 
satisfaction items. Regarding helpfulness to the un-
derstanding of asthma guideline, all scores for asthma 
guideline e-book, self-assessment, and problem-based 
learning with a virtual patient were more than 3.40 (Fig. 
3A). Furthermore, participants showed more favorable 
responses that the program helped them to understand 
asthma. The highest mean scores were found for the 
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management of asthma exacerbations at 3.51, followed 
by asthma medication, assessment and management, 
special situations, diagnosis, and risk factor and preven-
tion (Fig. 3B). As to questionnaires about the features of 
program, convenience (i.e., convenient to use for phy-

sicians), motivation (i.e., helpful to motivate the physi-
cians to learn guideline), effectiveness (i.e., effective in 
learning guideline compared to traditional methods), 
physicians’ confidence (i.e., helpful to build physicians’ 
confidence about asthma patient care), improvement of 

Table 1. Baseline characteristics of subjects

Characteristic Value

Subject 158

Sex, male/female 78/80 (49.4/50.6)

Age, yr    28.2 ± 3.1

Primary specialty

Internal medicine 151 (95.6)

Othersa 7 (4.4)

Duration of medical practice, yr

< 5 155 (98.1)

5–10 3 (1.9)

Experience of asthma patient care 

Yes 129 (82.7)b

No 27 (17.3)b

Missing responses 2

Familiarity with asthma guidelines

Yes 97 (64.2)b

No 54 (35.8)b

Missing responses 7

Values are presented as number (%) or mean ± SD. 
aOthers: internship, family medicine. 
bValid percent.

Knowledge

Pre-VLCAM

Post-VLCAM

29.2 ± 3.6

30.9 ± 3.9a

a

a

a

34.9 ± 2.9

36.5 ± 3.2

16.2 ± 2.9

17.5 ± 2.6

80.3 ± 6.4

85.1 ± 6.9

Mean  ±  SD
0 25 50 75 100

0 10 20 30 40

0 5 10 15 20

Attitude

Practice

Total

Score

Diagnosis

Asthma
medication

Risk factor
and prevention

Assessment
and management

Management of 
asthma exacerbations

Asthma management in 
special populations

(%) (%)

1.8

42.3 55.9

50.2 46.2

44.4 48.5

47.36.5 46.2

46.9 49.4

42.3 53.7

45.7 47.5

44.4 52.5

42.9 54

39.8 53.4

0.6
3

3.7

3.7

6.2

3.1

3.1

6.8

7.1

Asthma guideline
e-book

Overall

Self-assessment

Not at all helpful Somewhat not helpful
Question: How well did the VLCAM program help you understand 
                  how asthma is diagnosed and treated?

Question: How well did the VLCAM program help your understanding of the 
                  section on asthma guideline?

Somewhat helpful Very helpful

Problem-based learning
with a virtual patient

Mean (SD)
3.54 (0.53)

3.42 (0.58)

3.41 (0.62)

Mean (SD)
3.46 (0.57)

3.50 (0.57)

3.40 (0.64)

3.49 (0.56)

3.51 (0.56)

3.47 (0.62)

3.40 (0.61)

Not at all helpful Somewhat not helpful Somewhat helpful Very helpful

0.6

Figure 2. Awareness of asthma guideline before and after 
the intervention. The results are shown as mean ± standard 
deviation (SD). aIndicate statistically significant differences 
(< 0.001) between scores before and after using the Virtual 
Learning Center for Asthma Management (VLCAM) pro-
gram. 

Figure 3. (A) Participants’ perspectives regarding helpfulness of program components and (B) volume of the contribution to 
give learners to understand asthma guideline. Data are expressed as percentage of participants and mean ± standard deviation 
(SD). VLCAM, Virtual Learning Center for Asthma Management.
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asthma management (i.e., helpful to improve our un-
derstanding of asthma guideline), and willingness to 
recommend (i.e., worth recommending to other phy-
sicians) received high scores over 3 points (Fig. 4). The 
section considered to be most attractive and interesting 
was problem-based learning with a virtual patient (40% 
of respondents), followed by self-assessment (29%), asth-
ma guideline e-book (28%), and online reference room 
(3%). Thirty-one participants commented on the need 
of program based on the content as well as the format. 
Several participants stated that the VLCAM program 
should be more concise, and include more images and 
videos of various clinical situations.

DISCUSSION

The prevalence of asthma has increased worldwide as 
communities adopt a Western lifestyle and become ur-
banized [2]. Moreover, asthma is ranked as the 25th lead-
ing cause of disability-adjusted life years lost; this rank-
ing is similar to that of diabetes and one of the highest 
among all chronic diseases [12]. Due to the increased 
prevalence and socioeconomic burden of asthma, much 
effort has focused on improving its management. In-
deed, several evidence-based asthma guidelines have 
been developed in several languages [13,14]. However, 
there remains a gap between the ideal and actual care 
of asthma patients. The current level of asthma control 
and use of inhaled corticosteroids (ICSs) in Korea fall 
markedly short of Global Initiative for Asthma guide-
lines for asthma management [4]. Korean asthma guide-

lines have not had a significant effect on the frequency 
of prescribed ICSs [15]. Poor asthma control may be due 
to several factors, including disease severity, presence of 
comorbidities, a lack of compliance and improper man-
agement due to a lack of knowledge about or familiarity 
with current guidelines [8,9]. Evidence-based practices 
centered on clinical guidelines achieve reductions in 
medical errors and mortality rates, healthcare costs, and 
hospital utilization [16-18]. The translation of asthma 
guidelines into practice is impeded by their complexity; 
therefore, novel tools are required to promote the trans-
lation of evidence-based guidelines into clinical practice 
[6,7,19]. 

Over the last two decades, due to rapid advances in 
information technology and widespread internet use, 
e-learning has become a widely used educational tool. 
E-learning is a computer-based educational tool or sys-
tem that enables learning anywhere and at any time. 
Also, e-learning offers educational content based on 
the needs of learners, which is superior to traditional 
instructor-led education [20]. General medical practices 
that rely on computer-guided systems have been shown 
to produce more favorable clinical outcomes than those 
that rely on printed articles, manuals, or books [21,22]. 
Therefore, we developed an e-learning education pro-
gram for the Korean asthma guideline. The VLCAM 
program is designed to facilitate the translation of 
knowledge into clinical practice through case-oriented 
learning using virtual patients and by providing com-
prehensive information on the Korean Asthma Manage-
ment Guideline for Adults 2007 [10]. 

Our findings showed that the VLCAM program signifi-

(%)

Convenient to use for physicians
with learning guideline

Helpful to motivate
the physicians to learn guideline

Effective in learning guideline
compared to other traditional methods

Helpful to improve
our understanding of asthma guideline

Helpful build physician
confidence about asthma patient care

Worth recommending to
other physicians

Mean (SD)

3.24 (0.61)

3.12 (0.79)

3.16 (0.63)

3.21 (0.55)

3.00 (0.59)

3.25 (0.63)

Strongly disagree Somewhat disagree Somewhat  agree Strongly  agree

1.2
5.9 60.5 32.4

17.1 45.3 34.7

11.2 59.8 28.4

6.5 65.7 27.8

5.3 58.8 34.1

16 66.8 16.6

2.9

0.6

0.6

1.8

Figure 4. User satisfaction regarding the features 
of the Virtual Learning Center for Asthma Man-
agement program (VLCAM). Data are expressed 
as percentage of participants and mean ± stan-
dard deviation (SD).
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cantly improved awareness of asthma guideline in terms 
of knowledge, attitude, and practice. All items in user 
satisfaction questionnaires scored high. These findings 
are in agreement with those of a previous report on the 
Distributed Asthma Learning Initiative (DALI) program 
for pediatricians [7]. Both asthma learning programs had 
a high degree of learner satisfaction. Our study revealed 
significant changes in physicians’ knowledge, attitude, 
and practice of asthma management compared with 
the reported changes in knowledge and attitude for the 
DALI program [7]. This might be due to the participants’ 
characteristics and/or study design. Most of the partici-
pants were physicians-in-training, who were thus likely 
to be interested in learning tools. Therefore, the VLCAM 
program could encourage physicians to become famil-
iar with current guidelines. However, it cannot be ruled 
out that participants might remember the correct an-
swers or be conditioned by their awareness that they are 
being tested due to the short follow-up period. The high 
user satisfaction scores for understanding the treat-
ment of acute asthmatic episodes and control of chronic 
symptoms might be attributed to the participants being 
trained in hospitals, which focus on in-patient rather 
than out-patient asthma care.

According to systematic reviews, multifaceted and in-
teractive learning methods are more effective than any 
other intervention reducing gaps between knowledge 
and practice [21,23]. Interactive education shifts the fo-
cus from a passive and teacher-centered model to one 
that is active and learner-centered, which offers stron-
ger learning motivation and enables the provision of 
feedback to learners. Interactive tools in various for-
mats, including card games, simulations and comput-
er-based programs such as e-learning, have proven to 
be effective for adherence to asthma guidelines [6,7,24]. 
Advances in information technology have facilitated the 
delivery of learning materials based on learners’ needs 
and the provision of interactive feedback, which is not 
feasible in traditional learning. Moreover, technological 
advancement allows physicians to share their diagnostic 
skills and treatment information by means of interac-
tive virtual patients. Virtual patients have been defined 
as interactive computer simulations that reflect clinical 
scenarios in which the learner not only becomes the 
healthcare provider but also makes medical decisions. 
Virtual patients create a potentially richer learning en-

vironment by promoting self-directed learning and are 
employed by multiple disciplines in higher education 
[25-31]. Respondents stated that the virtual patient sim-
ulation was the most attractive and interesting section 
of the VLCAM program, as it facilitated adherence to 
guidelines through self-directed learning. 

Many participants suggested that the VLCAM pro-
gram should be more concise and easier to understand. 
It has been reported that physicians prefer more concise 
and immediately available guidelines with algorithms 
or flow charts/diagrams due to a lack of time [32]. There-
fore, the full-text format of the asthma guideline e-book 
section could reduce participants’ motivation. The VL-
CAM program should be required to design to improve 
the integration with text, narration, and visual objects 
(images, graphic novels, and videos), and revised to a for-
mat more suitable for physicians. We were limited in 
our ability to generalize the results to the entire popu-
lation of physicians for the following reasons. First, the 
questionnaires were not formally validated although the 
questionnaires were reviewed by experts in survey de-
velopment. Second, all participants were trainees at ter-
tiary hospitals; therefore, the results cannot be general-
ized to primary care physicians. Third, the small sample 
size and short study duration might have affected the 
results. In addition, we did not perform a comparative 
study with other educational interventions. It will be of 
value to perform further comparative study with oth-
er education programs to clarify whether the VLCAM 
program is effective educational methods, shown as in-
creased adherence to asthma guidelines. Nonetheless, 
we present, to our knowledge, the first investigation of 
the usefulness of an asthma guideline-focused interac-
tive educational program for physicians. 

E-learning, defined as learning through web-based 
environment, is as effective as traditional instructor-led 
methods, and the use of a virtual patient provides com-
prehensive information on clinical aspects of the un-
derlying disease, providing a reproducible and objective 
learning environment [33]. In conclusion, the VLCAM 
program is useful for improving awareness of asthma 
management. It could improve adherence to asthma 
guidelines and enhance the quality of care for asthma 
patients; thereby, reducing gap between knowledge and 
actual clinical practice. Further studies with larger pop-
ulations and longer period are warranted to clarify the 
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relationship between VLCAM program use and clinical 
outcomes in terms of adherence to asthma guidelines.
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