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Abstract

Background: The introduction of Web-based education and open universities has seen an increase in access to professional
development within the health professional education marketplace. Economic efficiencies of Web-based education and traditional
face-to-face educational approaches have not been compared under randomized controlled trial conditions.

Objective: To compare costs and effects of Web-based and face-to-face short courses in falls prevention education for health
professionals.

Methods: We designed two short courses to improve the clinical performance of health professionals in exercise prescription
for falls prevention. One was developed for delivery in face-to-face mode and the other for online learning. Data were collected
on learning outcomes including participation, satisfaction, knowledge acquisition, and change in practice, and combined with
costs, savings, and benefits, to enable a break-even analysis from the perspective of the provider, cost-effectiveness analysisfrom
the perspective of the health service, and cost-benefit analysis from the perspective of the participant.

Results:  Face-to-face and Web-based delivery modalities produced comparable outcomes for participation, satisfaction,
knowledge acquisition, and change in practice. Break-even analysisidentified the Web-based educational approach to be robustly
superior to face-to-face education, requiring a lower number of enrollments for the program to reach its break-even point.
Cost-effectiveness analyses from the perspective of the health service and cost-benefit analysis from the perspective of the
participant favored face-to-face education, although the outcomes were contingent on the sensitivity analysis applied (eg, the fee
structure used).

Conclusions: The Web-based educational approach was clearly more efficient from the perspective of the education provider.
In the presence of relatively equivocal results for comparisons from other stakeholder perspectives, it is likely that providers
would prefer to deliver education via a Web-based medium.

Trial Registration: Australian  New Zealand Clinica Trials Registry (ACTRN): 12610000135011;
http://www.anzctr.org.au/trial_view.aspx?d=335135 (Archived by WebCite at http://www.webcitation.org/668POwwA4L )

(J Med Internet Res 2012;14(2):€47) doi: 10.2196/jmir.2040
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Introduction Methods
Continuing professional development for health professionals  Design

can change clinician behavior, affect patient outcomes, and
influence the health of communities [1-3]. The availability of
high-quality educational resources is not enough to ensure its
uptake by clinicians or its delivery by educational institutions.
Uptake is affected by the quality and sustainability of the
product, and the accessibility and acceptability of its delivery

[4].

Traditional delivery of continuing professional devel opment
has used live modalities such as lectures, tutorials, seminars,
and conferences[5]. Emerging technologies enabling interactive
Web-based learning environments have introduced further
choice for both the provider and recipient [6]. Web-based
coursework holdsgreat promisefor overcoming the key barriers
of time and cost associated with the professional isolation often
experienced by practitioners in rural and remote regions [7].
Evaluation of costs relative to effects would provide an
important metric in assessing the val ue of educational resources.

In the context of the education of health professionals, thereare
costs associated with developing and delivering a course.
Product success is determined by participant satisfaction and
achievement of the defined learning targets [8]. No trias have
compared the relative costs, benefits, and effectiveness of
Web-based and face-to-face educational approaches for health
professionalsin arandomized controlled trial (RCT).

Evidence may be lacking due to the rapid expansion in the
availability and acceptability of information and communication
technologies used in Web-based education [9]. Furthermore,
contrasting findings from economic analyses of Web-based
education are often confounded by change in the assumptions
that underlie the analyses, caused by changes in socid
expectations of access to such technologies. This creates the
need to update costing modelsin line with any changesin social
expectations—for example, some of the costs once borne by
providers in providing Internet access are now paid by users
who rent access to the Internet [10].

The cost effectiveness of Web-based versus face-to-face
education for improving the practical skills of health
professionals has not been previoudy reported [9-12]. This
study examined the economic efficiency of Web-based versus
face-to-face short-course delivery modalities in the context of
fals prevention education for heath professionas. The
outcomes enable educational providers, health services, and
health professional learners to make informed decisions about
this type of investment in health professional education.

http://www.jmir.org/2012/2/e47/

The economic evaluation was conducted as part of an RCT
comparing the educational outcomes of two short courses
constructed for the education of health professionalsin the skill
of exercise prescription for falls prevention [13]. We conducted
three analyses: (1) break-even analysis from the perspective of
the education provider, (2) cost-effectiveness analysis from the
perspective of the health service (the employer of the health
professional), and (3) cost-benefit analysis from the perspective
of the participant. We included sensitivity analyses, displaying
different permutations of the variablesthat construct the resuilts,
to tailor the findings to different educational or workplace
settings.

Participants and Setting

Participants were eligible to enroll if they held a minimum
qualification of a bachelor’s degree in any health science. We
included physiotherapists, occupational therapists, nurses, and
exercise physiologists working in Victoria, Australia
Participants were invited to take part in the study via the
Victorian Department of Health email distribution channels.

M easur ements

Measurements of Cost

The Web-based arm of the RCT was offered as an ongoing
educational product by the delivering university after theinitial
RCT was completed. The course was developed over four
iterations, shownin Figure 1. The aphaversion of the program
was informed by research scoping activities and delivered to
representative consumers who volunteered to participate,
including content specialists, educational speciaists, and
community members. Course version beta was delivered to
practitioners who held a bachelor’s degree in a health science,
forming the RCT phase and the collection of data on learning
outcomes and willingness to pay. Course version gamma was
a fee-paying version of the course delivered to postgraduate
clinicians, allowing validation of willingnessto pay data. Course
version delta was based on the modeled data, most closely
simulating a realistic and ongoing short-course program.

Data on the labor and capital required to provide the traditional
and face-to-face education programs were collected either
concurrently with the RCT or modeled afterward. Table 1
describes the approach to measuring these costs and the
subsequent cost analyses[14,15]. We used market priceswhere
known to reflect real-life costs of providing the program.
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Table 1. Method and analysis of cost items.

Item Delivery approach Measurement Determination of value Relevant analysis
Face-to- Web-based Model Actual cost BEAP CEA® cBAd
face from RCT@

Internet No Yes Yes No Internet costswere valued by adding the courselearning  No No Yes

materials download datasi ze (in megabytes) to the mean
datasize of student uploads, totaling 800 MB. We select-
ed an existing Telstrabroadband plan (accessed October
6, 2010) to cover this data cost over a 1-month period
excluding set-up costs. The datalimit and plan would
enable the participant sufficient bandwidth and down-
load/upload capacity to view all learning resources,
completethelearning tasks, and contributeto discussion
roomsover the 4-week course schedule. As someremote
participants may use satellite-based Internet access, this
cost was also sourced to be included in the relevant
sensitivity analysis.

Transport  Yes No No No The most common mode of transportation for partici- No No Yes
pants was by car. We estimated fuel costs based on the
average distance participants travelled to face-to-face
coursevenues. The average distance travelled was based
on post-code data volunteered in electronic survey un-

dertaken by RCT participants.
Opportuni- Yes Yes Yes No With wage rate providing a proxy for the opportunity ~ No Yes Yes
ty cost of cost of leisuretime, we calculated avaluefor the partic-
freetime ipants’ time commitment by taking the mean number
forgone of hours participants required to complete the course

multiplied by the hourly wage of the participant [14,15].
An hourly rate of AUD $45 an hour was used to reflect
an early career physiotherapist (grade 2, year 1, Victori-
an Award), the largest representative group within the
study demographics. In sensitivity analysis scenarios
involving course participation outside of regular business
hours, the wage rate was supplemented with time-and-
a-half loading as would typically be experienced for
clinical work outside of regular scheduled hours, ie, the
weekend. These rates included 1.6 additional hours of
course time for the Web-based group, as participantsin
this group were found within the RCT to spend signifi-
cantly greater time engaged with further learning re-
sources. Scenarios from the perspective of the health
service include 17% on-costs, whereas on-costs were
excluded for the CBA, asthey are costs carried by the
organization and not relevant from the participant’'s

perspective.
Venue Yes No No Yes Venues were valued from current market prices experi- Yes No No
rental enced in delivering the interventions in the RCT. We

set venue capacity at 20 participants for both program
delivery approaches to reflect the real-life limitations
of supervision and feedback time that a single tutor
could provide within the practical skills practice seg-
ments of the program.

Presenta- Yes No No Yes Presentation equipment included rental of alaptop Yes No No
tion equip- computer and digital projector. Costs were valued from
ment current market prices experienced in delivering thein-

terventionsin the RCT.
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Item Delivery approach Measurement Determination of value Relevant analysis
Face-to- Web-based Model Actual cost BEAP CEA® cBAd
face from RCT2

Facilitator ~ Yes Yes Yes No We based remuneration for the facilitator’'stimeinthe  Yes No No

remunera- face-to-face program delivery on the current Monash

tion University enterprise bargaining agreement (accessed

August 1, 2011) hourly sessional rate, excluding on-
costs, for “repeat tutoring with adoctoral qualification.”
The rate was applied to the course duration of 8 hours.
Alternatives of 12 hours and 16 hours were considered
in the sengitivity analysisto reflect allowances for
transportation and accommodation as may be experi-
enced with the presenter attending courses set in rural
or remote | ocations. We based the remuneration rate for
the Web-based facilitator on the tutoring Monash Uni-
versity sessiond rate, excluding on-costs, for “repeat
tutoring without doctoral qualifications.” The reduced
rate for the Web-based facilitator reflected the alterna-
tive role of the Web-based facilitator, who is required
to monitor and facilitate class activity, while the content
is delivered by prerecorded video vignettes of amore
highly qualified presenter. The Web-based facilitator
was contracted for 16 hours to account for time associ-
ated with Web-based orientation enquiriesfrom partici-
pants and accessing Web-based video submissions for
feedback, which is commonly less efficient than live

observation.
ICT® sup- Yes Yes Yes No Costsinvolved in the operational support of thelearning  Yes No No
port platform Moodle and live presenter ICT support were

not directly measured and were obtained viaan internal
Monash University quotation of service.

ICTlicenss No Yes No Yes The Web-based learning system Moodlethat weused  Yes No No
ing fees in the RCT has no current or anticipated license fees
and uses open-source code.
Practical Yes No No Yes Costs were valued from current market prices experi-  Yes No No
tutor assis- enced in delivering the interventions in the RCT.
tant
Catering Yes No No Yes Taken from RCT face-to-face delivery costs, averaged  Yes No No
across the three face-to-face delivery venues.
Officeand  Yes Yes No Yes Costs were valued from current market prices experi-  Yes No No
stationery enced in delivering the interventions in the RCT.
consum-
ables
Course Yes Yes No Yes Costs were valued from current market prices experi-  Yes No No
support enced in delivering the interventions in the RCT.
DVDs
Administra=  Yes Yes Yes No Administrative staff support was used by both delivery  Yes No No
tive sup- approaches for tasks such as processing enrollments,
port and mailing student materials and certificates. Costs

were valued at 12 hours of Monash University Profes-
siona Staff award rate of HEWS3, level 7.

@ Randomized controlled trial.

b Break-even analysis.

€ Cost-effectiveness analysis.

d Cost-benefit analysis.

€ |nformation and communication technology.
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Figurel. Strategy for development of the Web-based course and measurements used in the refinement and modeling of an acceptable cost framework.

RCT = randomized controlled trial; WTP = willingness to pay.

Measurements of Outcome

We derived the measure of effectiveness used in the
cost-effectiveness analysis from the mark awarded for the
assignment and the examination score. An assessor, blind to
group alocations, marked the course assignments. Examinations
comprised multiple-choice questions that were automatically
graded by the software that delivered the examinations.

Mean maximum willingness to pay for the short course (beta
version) was evaluated in the RCT. Participant responses were
collected using an open response format and used as a proxy
measure for benefit in the cost-benefit analysis [16,17].
Participants were given the option to answer a question in an

http://www.jmir.org/2012/2/e47/
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anonymous Web-based questionnaire: “ If this short course had
not been atrial, what would be the maximum you would have
been willing to pay for thiscoursein Australian dollars (AUD)?’
We asked this question in the context of four scenarios: (1) “If
the course was not recognized as professional devel opment
(ongoing learning) points,” (2) “If the course had been
subsidized 50% by your employer (you are indicating the
presubsidized total cost),” (3) “If the course was recognized by
your profession as professional devel opment (ongoing learning)
points,” (4) “If the course was recognized as prior learning (of
approximately 5%—-10%) toward a university postgraduate
qualification, eg, master's degree.”
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Procedure

TheRCT included conceal ed all ocation and outcome assessment
by a blinded assessor for comparing face-to-face versus
Web-based educational interventions.

Further details on the trial design, participants, setting, and
interventions can be found in the accompanying paper of the
original RCT [13].

The trial was registered with the Australian New Zealand
Clinica TrialsRegistry, ACTRN12610000135011. We obtained
ethics approval through both the Southern Health Ethics
Committee and the Monash University Human Research Ethics
Committee.

Analysis

Break-even Analysis

The break-even analysis, from the perspective of the education
provider, estimated the minimum number of participants
required for the course to operate without loss to the provider.
The break-even point (Q: the number of participants required)
is calculated by the point where the fixed costs (FC: costs that
do not vary with participant numbers) and variable costs (V C:
costs that vary with the number of participants) for each mode
of program delivery are equaled by the savings (S) generated
by participant fees, as represented by the equation Q = FC/(S
-VCQC).

Table 1 presentsthe costs considered and how they were valued.
We conducted 1-way sensitivity analysesto account for possible
variation in costs and savings depending on the resources and
fee structure used by the education provider. Sensitivity analyses
were (1) the number of hours paid for a course facilitator, (2)
variation in the hourly remuneration of the facilitator, (3) class
capacity (the number of students able to undertake the course
at onetime), (4) variation in the enrollment fee, and (5) variation
in all associated costs combined.

Cost-Effectiveness Analysis

Health care providers often pay for their staff to attend
professional development opportunities. A cost-effectiveness
analysis, from the perspective of the health service, compared
the relative impact of the two programs in clinical units—that
is, the costs of increasing the number of trained clinicians and
their measured level of clinical competence.

We calculated the cost effectiveness for each course delivery
method by first determining the quality of students' education
with each method, or quality-adjusted students educated
(QASE), using the formula QASE = number of students
educated x the group’ saverage grade. In thisapproach, average
gradeis used as a surrogate for measuring the improved ability
of the staff member. To account for attrition, people who did
not complete the course were given a zero in this weighting
calculation. Thisisthe measurement of effect in theincremental
cost-effectiveness analysis. The incremental cost per QASE
was calculated using the equation in Figure 2, resulting in an
incremental cost-effectiveness ratio. Table 1 lists the costs
considered in the cost-effectiveness analysis.

http://www.jmir.org/2012/2/e47/
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We conducted asensitivity analysisfor thefollowing scenarios:
(1) participant attendance occurring during regular working
hours, (2) participant attendance occurring during unpaid leave,
(3) participant attendance occurring during participant leisure
time, (4) an adternative fee structure based on profit relative to
costs, and (5) whether student attrition was equivalent between
the two educational approaches.

Figure 2. Equation for calculating cost per quality-adjusted students
educated (QASE) ratio. Cost F2F = cost to the health service of the
face-to-face program; Cost Web-based = cost to the health service of the
Web-based program; QASE F2F = number of quality-adjusted students
educated with the face-to-face program; QASE Web-based = number of
quality-adjusted students educated with the Web-based program.

A$ (Cost F2F — Cost Web-based)

AQASE ~ (QASE F2F — QASE Web-based)

Cost-Benefit Analysis

A cost-benefit analysis, from the perspective of the participant,
considered costs and benefits associated with the education
relevant to the participant in monetary terms to enable a direct
comparison.

Cost-benefit analysis requires the itemized costs experienced
by each course participant along with the number of participants
successfully completing the program. Net benefit, weighing the
total expected costs against thetotal expected benefits, used the
following equation: net benefit = (mean benefit face-to-face —
mean cost face-to-face) — (mean benefit Web-based — mean cost
Web-based), where mean benefit face-to-face is the benefit to
the participant from the face-to-face method measured by the
willingness-to-pay question; mean cost face-to-face is the cost
to the participant to participate in the face-to-face method; mean
benefit Web-based is the benefit to the participant from the
Web-based method measured by the willingness-to-pay
guestion; and mean cost Web-based i s the cost to the participant
in the Web-based method.

Benefit was valued in monetary terms using the participant’s
willingness to pay. Sensitivity analyses included the following
variables: (1) whether the participant or health service paid for
enrollment, and (2) whether the course occurred including during
work hours or during leisure time. To test the construct validity
of thewillingnessto pay valuesobtained from RCT partici pants,
we compared the values obtained for the course contexts with
Likert ratings of overall course satisfaction using Spearman rho.
In this, we hypothesized that willingness to pay values should
be associated with course satisfaction ratings if the willingness
to pay values reflect the construct of the benefit from
participation in the program [18].

Results

Demogr aphics

Participant demographics (Table 2) indicate a relatively even
distribution of baseline characteristics between the face-to-face
and Web-based mode participants.
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Table 2. Chi-square test outcomes for binary data and 2-samplet test outcomes for years since qualification.
Demographic item Web-based (n=46)  Face-to-face(n=39) P vaue
Male gender, n (%) 10 (22%) 7 (18%) 43
Previous falls research participation, n (%) 2 (4%) 5 (13%) .18
Previous falls publication, n (%) 1(2%) 0 (0%) .35
Previous falls professional development, n (%) 11 (23%) 10 (25%) .85
Profession, n (%)
Occupational therapy 5 (11%) 3(8%) 97
Physical therapy 26 (57%) 20 (51%) 93
Nursing 10 (22%) 11 (28%) 95
Exercise physiology 4 (9%) 4 (9%) .96
Years since qualification, mean (SD) 4.17 (1.75) 4.15 (1.56) .66

Randomized Trial

The RCT results indicated that there were no differences in
outcomes between groups, except that Web-based education
participants reported spending significantly moretime (median,
interquartile range of 1.0, 0.8-2.0 hours compared with 0.0,
0.0-1.0 hours) engaged with the additional learning materials
than the face-to-face group (rank sum P =.002). The mean (SD)
mark (used for calculating QASE in the cost-effectiveness
analysis) for the combined examination and practical assignment
grades was Web-based, 83.2% (9.9), and face-to-face, 81.6%
(9.5).

Break-Even Analysis

Figure 3 presentsthe rel ationship between the costs and savings,
for the primary scenario for face-to-face and Web-based

delivery. Table 3 presentsthefixed and variable costs considered
inthisanalysis. Table 4 presentsasensitivity analysis, exploring
the impact of variations in costs and savings. The break-even
point for the primary Web-based scenario was obtained at 7
participants, whereas the primary scenario with the face-to-face
delivery returned multiple break-even points (Table 5). Multiple
break-even points occur in some of the sensitivity analyseswhen
recurring fixed costs are incurred as a class reaches its
enrollment capacity, causing the course to once again run at a
loss until the new break-even point is reached as enrollments
increase. This particular relationship, with the creation of
multiple break-even points, is presented graphically for the
face-to-face delivery approach in Figure 3.

Table 3. Fixed and variable costs (AUD $) for Web-based and face-to-face course delivery, for amaximum class size of 20.

Item Web-based delivery Face-to-face delivery
Fixed (per Variable (per Fixed (per course Variable (per
annum) participant) delivered) participant)
Venue 1000
Presentation equipment rental 500
Facilitator remuneration 840 810
Faculty ICT? support fee 500 500
Administrative support 250 250
Catering 25
Stationary consumables 3 5
Délivery support DVD 5 5
Total 1590 8 3060 35

| nformation and communication technology.
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Table 4. Break-even and sensitivity analyses for Web-based course delivery mode.

Scenario  Variable Variable Number of break-even

number manipulated Contracted  Presenter level Maximum  Other Variable Enrollment  POINi(s), upto
facilitator ($/hour) capacity fixed costs  costs fee (AUD $) 60 enrollments?
hours

1b 14 60 20 750 8 250 7

2 Facilitator hours 8 60 20 750 8 250 5

3 Facilitator hours 32 60 20 750 8 250 11-20, >22

4 Facilitator hours 40 60 20 750 8 250 13-20, >27

5 Facilitator hours 48 60 20 750 8 250 15-20, 3040, 45-60

6 Presenter level 14 35 20 750 8 250 5

7 Presenter level 14 90 20 750 8 250 8

8 Presenter level 14 120 20 750 8 250 10

9 Presenter level 14 200 20 750 8 250 15-20, 3040, 45-60

10 Class capacity 14 60 10 750 8 250 7

11 Class capacity 14 60 30 750 8 250 7

12 Class capacity 14 60 40 750 8 250 7

13 Class capacity 14 60 50 750 8 250 7

14 Class capacity 14 60 60 750 8 250 7

15 Fee 14 60 20 750 8 100 17-20, 3540, 52-60

16 Fee 14 60 20 750 8 200 8

17 Fee 14 60 20 750 8 400 4

18 Fee 14 60 20 750 8 600 3

19 Fee 14 60 20 750 8 800 2

20 Fee 14 60 20 750 8 1000 2

21 All costs 100% increase in all associated costs (based 250 14-20, >28
on scenario 1)

22 All costs 200% increasein all associated costs (based 250 Doesn’t break even
on scenario 1)

23 All costs 300% increasein all associated costs (based 250 Doesn’t break even
on scenario 1)

24 All costs 50% decrease in all associated costs (based 250 3
on scenario 1)

@Break-even points are presented as a range when multiple break-even points are relevant to the analysis. Multiple break-even points occur in some of
the analyses when the new fixed costs that are incurred when a class reaches its enrollment capacity once again lift the costs above the savings. This
relationship is also presented for the face-to-face program in Figure 3.

b prj mary analysis scenario.
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Table 5. Break-even and sensitivity analyses for the face-to-face course delivery mode.

Scenario  Variable Variable Number of break-even

number manipulated Contracted  Presenter level Maximum  Other Vaiable Enrollment  POInt, upto
facilitator ($/hour) capacity fixed costs  costs fee (AUD $) 60 enrollments?
hours (AUD %) (AUD %)

1b 9 90 20 2250 35 250 14-20, 2940, 43-60

2 Facilitator hours 12 90 20 2250 35 250 16-20, 3140, 47-60

3 Facilitator hours 16 90 20 2250 35 250 18-20, 3540, 52-60

4 Presenter level 9 35 20 2250 35 250 12-20, >24

5 Presenter level 9 60 20 2250 35 250 14-20, >26

6 Presenter level 9 120 20 2250 35 250 16-20, 3140, 47-60

7 Presenter level 9 200 20 2250 35 250 19-20, 38-40, 57-60

8 Class capacity 9 90 10 2250 35 250 Doesn’t break even

9 Class capacity 9 90 30 2250 35 250 15

10 Class capacity 9 90 40 2250 35 250 15

11 Class capacity 9 90 60 2250 35 250 15

12 Fee 9 90 20 2250 35 100 Doesn't break even

13 Fee 9 90 20 2250 35 200 19-20, 38-40, 57-60

14 Fee 9 90 20 2250 35 400 8

15 Fee 9 90 20 2250 35 600 5

16 Fee 9 90 20 2250 35 800 4

17 Fee 9 90 20 2250 35 1000 3

18 All costs 100% increase in all associated costs (based 250 Doesn’t break even
on scenario 1

19 All costs 200% increasein all associated costs (based 250 Doesn’t break even
on scenario 1)

20 All costs 300% increasein all associated costs (based 250 Doesn’t break even
on scenario 1)

21 All costs 50% decrease in al associated costs (based 250 7
on scenario 1)

@ Break-even points are presented as a range when multiple break-even points are relevant to the analysis.
b prj mary analysis scenario.
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Figure 3. Savings versus costs for enrollment, with savings set at AUD $250 per participant and maximum class size of 20 participants.
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Cost-Effectiveness Analysis

Theface-to-face educational approach, in courseiteration beta,
began with 68 participants, with 49 students completing the
summative assessments with an average grade of 81.6%, or
38.98 QASE. Of the 67 participants who began the Web-based
delivery, 44 completed the program with an average grade of
83.2%, or 35.78 QASE.

http://www.jmir.org/2012/2/e47/
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Through maintaining this attrition rate and mean grade for each
delivery method, for a full class of 20 enrollments, the
incremental cost-effectiveness ratio from the perspective of the
health service for the primary analysis (scenario 1, Table 6)
yields an incremental cost-effectivenessratio of zero, therefore
making face-to-face education more preferable from the health
service perspective due to the higher rate of QASE.
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Table 6. Sensitivity analysis of incremental cost per quality-adjusted students educated (QASE) (D$/DQASE) for Web-based (Web) and face-to-face

(F2F) course delivery.

Time Enrollment Wages® Backfill Number Number of  QASE Costs(AUD $) ICERP per
fee registered  completers participant (AUD $)
F2F Web F2F Web F2F Web
Leisuretime No Yes Yes 20 14 13 1142 11.63 5000 5000 0 (F2F preferred due
(weekend)© to higher QASE)
Yes Yes Yes 20 14 13 1142 1163 O 0 0 (F2F preferred due
to higher QASE)
Working hours ~ No No No 20 14 13 1142 1163 21,848 25216 -271.62
Yes No No 20 14 13 1142 1163 16,848 20216 -271.62
Unpaid study No Yes No 20 14 13 1142 11.63 13424 15108 -135.81
leave
Yes Yes No 20 14 13 1142 11.63 8424 10,108 -135.81
Conditions of scenario 1 repeated with attrition equal 20 14 14 1142 11.63 5000 5000 0 (Online preferred
at 14 completers (F2F QASE = 11.42, Web-based due to higher QASE)
11.63)
Conditions of scenario 1 repeated with alternativefee 20 14 13 1142 1163 10,500 5000 443.50

of AUD $525 applied to F2F enrollments

a\Wagesfor the participant and backfill or replacement staff include 17% on-costs. Transport and | nternet download costs areincurred by the participant.
Negative dollar value indicates the value isin favor of face-to-face education.

b Incremental cost-effectiveness ratio.
€ The primary scenario (scenario 1).

Table 6 shows a sensitivity analysis. The scenarios include
manipulations of the costs carried by the health service,
including the impact of the timing of course delivery. The
analyses include an alternative course fee structure to account
for a provider business model that calculates the fee as a
percentage of profit above costs, increasing the enrollment fee
for face-to-face participants. The relationship (difference in
gradients) between face-to-face and Web-based costs for the
primary scenarios (Figure 3) yields an inflation factor of 2.1,
therefore, we adjusted the alternative face-to-face fee to AUD
$525.00. The sensitivity analysis also includes a scenario of
equal attrition rates between the face-to-face and Web-based
approaches.
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Cost-Benefit Analysis

Table 7 presents estimated costs incurred by the participant,
along with a sensitivity analysis. Net benefit to the individual
participant was calculated as AUD $60.88 in favor of the
face-to-face program delivery, meaning that the Web-based
program would need to cost $60.88 less than the face-to-face
program to create equivalent benefit for the consumer. Table 8
presents willingnessto pay for each mode of program delivery.
Table 9 presents sensitivity analyses of the net benefit.

Table 9 presents the values of the cost-benefit analysis. The
aforementioned alternative fee structure was applied in these
analyses.
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Table 7. Primary analysis and sensitivity analyses of participant expenses (in AUD $) for Web-based versus face-to-face course delivery modes.

Participant expenses Web-based Face-to-face
Primary analysis
Downloads? 20.00 0.00
Transport 0.00 20.00
Fees 250.00 250.00
Time 648.00 540.00
Total 918.00 810.00
Sensitivity analysis
With 50% increase in fees 1043.00 810.00
With 100% increase in fees 1168.00 935.00
With 200% increase in fees 1418.00 1060.00
With 50% decreasein fees 793.00 1310.00
With 25% increase in all associated costs 1147.50 685.00
With 50% increase in all associated costs 1377.00 1012.50
With 25% decrease in al associated costs 688.50 1215.00
With 50% decresse in all associated costs 459.00 607.50
With satellite-sourced Internet 923.00 Not applicable

@ Download costs were calculated based on a user requiring a1 GB data upl oad/download to complete the learning activities over 1 month. Costs were
calculated from minimum Telstra broadband rates accessed on October 5, 2010, excluding set-up costs.

Table 8. Participant willingness to pay for Web-based versus face-to-face course delivery modes.

Context Context description Web-based Face-to-face P value® Correlation with
for willingness to pay R mean (SD) R Mean (SD) overall course
satisfaction:
Spearman rho
(P value)
1 If course not recognized for pro- 30 96.33 (56.37) 24 129.17 (117.25) 41 .46 (.001)
fessional development points
2 If courseis50% subsidizedby 35 165.57 (102.16) 31 192.26 (201.46) 46 43 (.001)
an employer
3 If course contributestoward pro- 36 159.72 (103.61) 30 199 (260.83) .39 .53 (.001)
fessional development points
4 If coursework isrecognizedas 32 190.94 (131.40) 29 314.14 (423.01) .61 45 (.001)

prior-learning credit (5%) toward
postgraduate qualification

@ Numbers vary due to some participants not completing all fields of the survey questions.
5P values between del ivery methods obtained using single-sample mean comparison t test.
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Table 9. Cost-benefit analysis results from the participant’s perspective considering varying scenarios for Web-based (Web) versus face-to-face (F2F)

course delivery modes.

Scenario Payer Time Enroliment fee  Opportunity Benefit Net benefit Alternative fee
cost of lost (willingness (F2F vs Web; structure (F2F
work to pay) AUD $)? vs Web; AUD $)?

1b Health service  Working hours Yes Yes No 60.88 Not applicable

2 Leisuretime Yes No No 168.25 Not applicable

(weekend)
3 Participant Working hours No Yes No 60.88 -106.37
4 Leisuretime No No No 168.88 1.63
(weekend)

2 Positive values indicate more benefit in favor of face-to-face delivery mode.

b The primary scenario.

Discussion

Economic evaluation of face-to-face versus Web-based delivery
has shown that the outcome depends on the stakeholder’'s
perspective and the conditions applied to the analysis.
Web-based education isthe superior approach in the break-even
analysis from the perspective of the education provider. The
increased costs of face-to-face delivery create increased risk of
financia loss if enrollment numbers are low. Thisis supported
by what is seen in practice, where educational institutions are
reluctant to run short coursesin regional or remote areas where
potential enrollmentsarelower. Thisbarrier supportsthe notion
that Web-based education hasthe potential to be more accessible
and lessdiscriminatory [4,19]. Cost-effectiveness analysisfrom
the perspective of the hedth service favors face-to-face
education, but the relatively small difference in quality of the
clinicians knowledge obtained from face-to-face and
Web-based education means that the preference for an
educational approach largely depends on when the course is
undertaken and its impact on covering service delivery.
Cost-benefit analysis, from the perspective of the participant,
produced the most participant benefit from face-to-face
education. Aside from the strong cost-minimization advantages
to the education provider, the other analyses are contingent on
the unique conditions and sensitivity analysis applied. This
further highlights the novel methods used in this study,
demonstrating the strong rel ationship between the provider, the
health service, and the participant.

Economic analysis for health education has primarily focused
on telemedicine technology or medica reviews by remote
physicians, or has been concerned with the cost effectiveness
of modalitiesfor patient education [20,21] rather than upgrading
the health professional’s skills. To our knowledge this is the
first economic evaluation of competing approachesto providing
continuing professional development with tested educational
equivalence in an RCT including the outcomes of satisfaction,
knowledge construction, and self-reported change in practice.
It is possible that the findings may be somewhat context specific
in terms of the content area and nature of the health disciplines
involved, the specific subject of the educational materials, and
the quality of the educational materials presented in the chosen
medium. However, as the principles of Web-based and

http://www.jmir.org/2012/2/e47/

face-to-face education that we investigated could betransferred
to other disciplines and settings, this report provides a model
that can be applied to different scenarios, modified with
associated unigue assumptions.

This study has highlighted the precarious balance that exists
between the various stakeholders involved in education
programs. Our break-even analysis highlighted that using the
same fee structure for both Web-based and face-to-face
modalities would lead to substantialy greater profits for a
Web-based course assuming equal enrollments; however, this
would result in lower levels of benefits to the participants in
the program. However, if the university were to choose to
maintain the same relative profit ratio for Web-based and
face-to-face courses, they would be able to offer the Web-based
course at alower cost to gain equivalent educational outcomes
and participant benefit; society would therefore gain a greater
volume of skilled professionals for alower cost.

Potential miscellaneous benefits from each delivery method
were excluded from the analysis due to the difficulty in
quantifying them. For example, it is hypothesized that
face-to-face education may foster stronger feelings of an
education community, socidization, and networking
opportunities [22], whereas Web-based education may provide
better maintenance of corporate knowledge that is often lost
with key personnel in short-course training and lost to the
profession in situations such as retirement or maternity leave
[23].

Other limitations that may have affected the findings of the
analysis relate to the origina RCT, the modeling of data, and
underlying assumptions in the analysis formulas. The RCT
measured the learning outcomes and changein practice behavior
approximately 1 week following the conclusion of the training
program. We do not know whether the effect of the training
would have been different if the effects had been measured over
alonger time frame. We also do not know whether the change
in clinician practice behavior will result in real changein patient
outcomes over time. We modeled data for the analysis on the
fourth iteration of thetraining program, excluding costsinvolved
in constructing the programs and additional expenses from
“teething errors’ in delivering the course with unfamiliar staff.
These issues are particularly relevant to the introduction of the
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Web-based modality. Phelps et al [11] recognized that setting
up a Web-based course, or converting an existing course to a
Web-based modality, requires alarge human capital investment.
Our experience in creating the course resources for the RCT
reflected this sentiment, but we also found that this argument
was true of beginning a face-to-face program. Audiovisua
resources for the Web-based course were ideally created for
both course delivery methods, but rather than being used as
direct student resources in the face-to-face delivery, they were
used asaway of training face-to-face presenters and maintaining
corporate knowledge. We anticipate this to be cost prohibitive
for many organizations without significant information and
communication technology (ICT) infrastructure or with staff
unfamiliar with using basic computers and software to
commence a Web-based course [9,10], particularly with the
expectation of making short-term savings.

Each formula used in the analysis involves cal cul ations based
on assumptions. These assumptions may be invalid depending
on the context of the analysis or variation in reader perspective.
Wells[24], Phelpset a [11], and Rumble [12] all reported that
the shifting assumptions in information communication
technologies affect the ability to contrast studies investigating
the use of these technologies in education, such as who pays
for what costs, the existing ICT infrastructure, and the degree
of assumed user ICT literacy. For example, Rumble's [12]
investigation required the university to supply computersto all
students involved in the study. It could be argued that students
are now assumed to have accessto their own personal computer
or readily accessible university or workplace computer facilities.
In our study we required students to have their own accessto a
computer and the Internet.

The issue of who pays for what costs will naturally affect the
economic evaluations. Our cost-benefit analysis assumed that
students who did not complete the program did not obtain
benefit from the small portion of the program that they may
have completed. We averaged transport costs among the study
cohort and limited them to transport by car. In redlity,
participants would have experienced a significant range of
transport costs, which naturally depend on the location of the
face-to-face delivery venue. Theformulas used to calcul ate cost
benefit and cost effectiveness require data on participant attrition
in each delivery method. Participants were enrolled in the
training program of the RCT at no cost. This lack of financial
commitment to the program islikely to have negatively affected
student attrition. This factor may have applied more to the
Web-based education intervention, as it required a prolonged
time commitment from students in its delivery over a 4-week
period.

Although we do not know the true generaizability of the
findings, the transparency of this analysis will assist decision
makersto tailor the findingsto their area of interest and delivery
setting, whether it is undergraduate or postgraduate education.
Key factors in this decision making would include the ICT
capabilities of the provider, similarity of their desired courseto
the constructivist pedagogy used in the practical skill-teaching
methods of this analysis, and other particular circumstances or
resources of the provider.

http://www.jmir.org/2012/2/e47/
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We used willingness to pay as a proxy for determining
participants’ perceived benefit of participating in the program.
Willingnessto pay may have been underreported if participants
considered that their responses might potentially influence the
cost of education in a market in which they are the consumer.
We expect that this bias would have minimal impact on the
analysis between the two interventions, as the effect is likely
to be equal between the two groups. Another potential bias
influencing the willingness to pay values, and therefore the
benefit and cost effectiveness of the delivery methods, is a
possible perception that Web-based education produces greater
savings for the educational institution, and that these savings
should be passed on to the participant viasavingsin course fees
[25]. Drummond et al [18] noted that it is often impossible to
validate willingness to pay values within economic analyses
due to the modeling of data being commonly based on
theoretical or hypothetical products or services. This study was
ableto provide values based on programs purposefully designed
for equivalent content delivery and experienced by the
participants who provided the willingness to pay values.
Construct validity of thewillingnessto pay values obtained was
demonstrated through the moderate degree of correlation
between the willingness to pay values and the participants
ratings of overall satisfaction (Table 9). Furthermore, the fee
(AUD $250) used as the primary scenario in the economic
evaluations was used in the fee-paying gamma version course
iterations, a course that reached its full enrollment capacity (20
participants), indicating that this fee was a viable real-life fee
structure and is comparable with fees for other Web-based
professional development programs of equivalent length on the
market.

QA SE asrepresented in the cost-effectiveness anal ysis assumes
that the health care service costs are the same for each delivery
group. This may be debated depending on whether the
participant requires study leave to complete the course or
completes the course out of work hours. QASE and cost per
QASE (A$/AQASE) is aso grounded in the assumption that a
clinician with better skillsin falls risk client management will
be a greater asset to the health service, producing better health
outcomes for the clients.

Education providers vary in their opinion as to what practical
class enrollment capacity is manageable in a face-to-face
delivery environment. An increase in class capacity will often
result in an overall decrease in fixed costs, affecting the result
of a break-even analysis [26]. This is also true of Web-based
education, although given the asynchronous nature of the student
and teacher interaction, Web-based education is arguably less
restricted by the course duration in providing supervision and
feedback on participant practice, and in turn in producing greater
flexibility in discerning the maximum class capacity.

We have highlighted several areas for further research in
exploring the economics of delivery approaches to continuing
professional development. These include further investigation
into the attrition rates when contrasting free versus full fee
paying. Investigating the allocation of costs in continuing
professional development for health care professionals,
particularly the contribution to the course fee between the
participant and the health service, would allow greater insights

JMed Internet Res 2012 | vol. 14 | iss. 2 | e47 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

into the underlying assumptionsin analyses. More broadly, we
would encourage research into using this approach (ie,
break-even anaysis from the perspective of the provider,
cost-effectiveness analysis from the perspective of the health
service, and cost-benefit analysis from the perspective of the
participant) to explore other educational approaches. Ultimately,
an RCT would be conducted to investigate what may be the
largest assumption in this study, that a more highly skilled
clinician can affect health outcomes. For example, does the
educational program to increase clinicians management of
falsrisk clientele, studied in this evaluation, have the ability
to reduce falls in the community?

Conclusions

Maloney et a

varies depending on the type of analysis and stakeholder
perspective undertaken. The Web-based educational approach
was clearly more efficient from the perspective of the education
provider. In the presence of equivocal results for comparisons
from other stakeholder perspectives, it is likely that providers
will seek to deliver education via a Web-based medium in
preference to an alternative face-to-face approach.

With both Web-based and face-to-face delivery modalities
offering their own unique strengths and weaknesses, it is
important for decision makers to consider the application of
thesefindingsto their goals, their risk management capabilities,
and their role in the delivery of high-quality health care to the
community through the effective and efficient education of

Economic analysis of Web-based versus face-to-face training  nedth serviceclinicians.

for improving the clinical performance of health professionals

Acknowledgments

The authorship team would like to acknowledge the Department of Health, Victoria, Australia, for their sponsorship facilitating
this research. Terry Haines was supported by a Career Development Award from the Australian National Health and Medical
Research Council.

Conflictsof Interest

The authorship team has no conflicts of interest to declare in relation to the presented data or the original RCT on whichit is
based. Associate Professor Terry Hainesis Director, Hospital Falls Prevention Solutions Pty Ltd. This company provides services
for the prevention of fallsin the hospital setting, which was not directly related to the subject of this research. Associate Professor
Terry Haines has provided expert witness testimony in the area of prevention of falls in hospitals, which also was not directly
related to the subject of this research.

References

1. DavisDA, Thomson MA, Oxman AD, Haynes RB. Changing physician performance. A systematic review of the effect of
continuing medical education strategies. JAMA 1995 Sep 6;274(9):700-705. [Medline: 7650822]

2. DavisDA, Taylor-Vaisey A. Trandating guidelines into practice. A systematic review of theoretic concepts, practical
experience and research evidence in the adoption of clinical practice guidelines. CMAJ 1997 Aug 15;157(4):408-416 [FREE
Full text] [Medline: 9275952]

3. Mazmanian PE, Davis DA. Continuing medical education and the physician as alearner: guide to the evidence. JAMA
2002 Sep 4,288(9):1057-1060. [Medline: 12204068]

4.  Rova AP, Downey JF. Why some distance education programs fail while others succeed in aglobal environment. Internet
Higher Educ 2010;13(3):141-147. [doi: 10.1016/j.iheduc.2009.07.001]

5. DavisD, O'Brien MA, Freemantle N, Wolf FM, Mazmanian P, Taylor-Vaisey A. Impact of formal continuing medical
education: do conferences, workshops, rounds, and other traditional continuing education activities change physician
behavior or health care outcomes? JAMA 1999 Sep 1,282(9):867-874 [FREE Full text] [Medline: 10478694]

6.  Bennett NL, Casebeer LL, Kristofco RE, Strasser SM. Physicians Internet information-seeking behaviors. J Contin Educ
Health Prof 2004;24(1):31-38. [doi: 10.1002/chp.1340240106] [Medline: 15069910]

7. Curran VR, Fleet L, Kirby F. Factorsinfluencing rural health care professionals accessto continuing professional education.
Aust JRural Health 2006 Apr;14(2):51-55. [doi: 10.1111/].1440-1584.2006.00763.x] [Medline: 16512789

8. JonesD. A practical unit cost approach to budgeting and accountability in colleges. In: Levacic R, editor. Financial
Management in Education. Milton Keynes: Open University Press; 1989.

9. NgKC. Costs and effectiveness of online coursesin distance education. Open Learn 2000;15(3):301-308. [doi:
10.1080/713688406]

10. Bartley SJ, Golek JH. Evaluating the cost effectiveness of online and face-to-face instruction. Educ Technol Soc
2004;7(4):167-175.

11. PhelpsRH, WellsRA, Ashworth RL, Hahn HA.. Effectiveness and costs of distance education usuing computer-mediated
communication. Am J Distance Educ 1991;5(3):7-19. [doi: 10.1080/08923649109526759]

12.  Rumble B. Online costs: interactivity at aprice. In: Mason R, Kaye A, editors. Communication, Computers and Distance
Education. Oxford: Pergamon Press; 1989.

http://www.jmir.org/2012/2/e47/ JMed Internet Res 2012 | vol. 14 | iss. 2 | e47 | p. 15

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7650822&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=reprint&pmid=9275952
http://www.cmaj.ca/cgi/pmidlookup?view=reprint&pmid=9275952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9275952&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12204068&dopt=Abstract
http://dx.doi.org/10.1016/j.iheduc.2009.07.001
http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=10478694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10478694&dopt=Abstract
http://dx.doi.org/10.1002/chp.1340240106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15069910&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1584.2006.00763.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16512789&dopt=Abstract
http://dx.doi.org/10.1080/713688406
http://dx.doi.org/10.1080/08923649109526759
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Maloney et al

13.

14.
15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

Maloney S, Haas R, Keating JL, Molloy E, Jolly B, Sims J, et a. Effectiveness of Web-based versus face-to-face delivery
of education in prescription of falls-prevention exercise to health professionals: randomized trial. JMed Internet Res
2011;13(4):e116 [FREE Full text] [doi: 10.2196/jmir.1680] [Medline: 22189410]

Becker G. A theory of the alocation of time. Econ J 1965;75(299):493-451.

Feather P, Shaw WD. Estimating the cost of leisure time for recreation demand models. J Environ Econ Manage
1999;38(1):49-65. [doi: 10.1006/jeem.1999.1076]

Haines T, Kuys SS, Morrison G, Clarke J, Bew P. Cost-effectiveness analysis of screening for risk of in-hospital fallsusing
physiotherapist clinical judgement. Med Care 2009 Apr;47(4):448-456. [doi: 10.1097/ML R.0b013e318190cccO] [Medline:
19279510]

Bayoumi AM. The measurement of contingent valuation for health economics. Pharmacoeconomics 2004;22(11):691-700.
[Medline: 15250748]

Drummond M, O'Brien B, Stoddart G, Torrance G. Methods for the Economic Evaluation of Health Care Programmes.
2nd edition. Oxford: Oxford University Press; 1997.

Rabinowitz HK, Diamond JJ, Markham FW, Paynter NP. Critical factors for designing programs to increase the supply
and retention of rural primary care physicians. JAMA 2001 Sep 5;286(9):1041-1048 [FREE Full text] [Medline: 11559288]
Bryce CL, Zickmund S, Hess R, McTigue KM, Olshansky E, Fitzgerald K, et al. Value versus user fees: perspectives of
patients before and after using aweb-based portal for management of diabetes. Telemed J E Health 2008
Dec;14(10):1035-1043. [doi: 10.1089/tmj.2008.0005] [Medline: 19119825]

Currell R, Urquhart C, Wainwright P, Lewis R. Telemedicine versus face to face patient care: effects on professional
practice and health care outcomes. Cochrane Database Syst Rev 2000(2):CD002098. [doi: 10.1002/14651858.CD002098]
[Medline: 10796678]

Besser H, Bonn M. Impact of distance independent education. J Am Soc Inf Sci 1996;47(11):880-883. [doi:
10.1002/(SIC1)1097-4571(199611)47:11<880::A1D-ASI14>3.0.CO;2-Z]

NaUbon A, Kimble C. Knowledge management in online distance education. In: Banks S, Goodyear P, Hodgson V,
McConnell D, editors. Proceedings of the 3rd International Conference: Networked Learning 2002. Sheffield: Sheffield
University Press; 2002.

Wells RA. Computer-Mediated Communication for Distance Education: An International Review of Design, Teaching,
and Institutional 1ssues. University Park, PA: American Center for the Study of Distance Education, College of Education,
Pennsylvania State University; 1992.

Haines TP, McPhail S. Patient preference for falls prevention in hospitals reveal ed through willingness-to-pay, contingent
valuation survey. JEval Clin Pract 2011 Apr;17(2):304-310. [doi: 10.1111/].1365-2753.2010.01441.X] [Medline: 21040242]
Carr S. Union publishes guide citing high cost of distance education. Chron High Educ 2001;47(35):39-41.

Abbreviations

ICT: information and communication technology
QASE: quality-adjusted students educated
RCT: randomized controlled trial

Edited by G Eysenbach; submitted 03.01.12; peer-reviewed by L Warmerdam, SFraser, B Das; comments to author 27.01.12; revised
version received 13.02.12; accepted 22.02.12; published 02.04.12

Please cite as:

Maloney S Haas R, Keating JL, Molloy E, Jolly B, Sms J, Morgan P, Haines T

Breakeven, Cost Benefit, Cost Effectiveness, and Wlingness to Pay for Web-Based Versus Face-to-Face Education Delivery for
Health Professionals

J Med Internet Res 2012;14(2): e47

URL: http://www.jmir.org/2012/2/e47/

doi: 10.2196/jmir.2040
PMID: 22469659

©Stephen Maloney, Romi Haas, Jenny L Keating, Elizabeth Molloy, Brian Jolly, Jane Sims, Prue Morgan, Terry Haines. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 02.04.2012. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2012/2/e47/

JMed Internet Res 2012 | vol. 14 | iss. 2 | e47 | p. 16
(page number not for citation purposes)


http://www.jmir.org/2011/4/e116/
http://dx.doi.org/10.2196/jmir.1680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22189410&dopt=Abstract
http://dx.doi.org/10.1006/jeem.1999.1076
http://dx.doi.org/10.1097/MLR.0b013e318190ccc0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19279510&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15250748&dopt=Abstract
http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=11559288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11559288&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2008.0005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19119825&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD002098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10796678&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1097-4571(199611)47:11<880::AID-ASI14>3.0.CO;2-Z
http://dx.doi.org/10.1111/j.1365-2753.2010.01441.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21040242&dopt=Abstract
http://www.jmir.org/2012/2/e47/
http://dx.doi.org/10.2196/jmir.2040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22469659&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

