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1: Definition of the six eLearning categories

Six broad categories of eLearning interventions, based on the technologies employed. The
categories were defined as follows:

« Offline computer-based eLearning: standalone applications where internet or intranet
connections are not required for the delivery of the learning activities. The main tasks of the
elLearning software in this category are usually performed on a PC or laptop. The delivery
channels are usually CD-ROM or USB memory sticks. Alternatively, the delivery mode of the
software can be via a networked connection, as long as the learning activities do not rely on
this connection.

* Online and local area network-based eLearning: interventions that use the transmission
control protocol (TCP) and the internet protocol (IP) to provide the full functionalities of the
educational intervention. As implied by the terminology used, the delivery channels are
usually the internet or a local area network.

» Psychomotor skills trainer: technology that will develop fine motor coordination skills and
techniques in education, such as the precise use of instruments of tools.

* Virtual reality environments: computer-generated representations of a real or artificial
environment. This can be interacted with by external involvement, allowing for a first-person
active learning experience.

» Digital game-based learning: the application of game principles and mechanics in non-
game contexts to engage users in solving problems and improve their engagement,
attitudes, motivation and knowledge.

* mLearning: any eLearning intervention that uses handheld, mobile devices to deliver
educational content such as a mobile phone, iPod or tablet.



2: Fields included in the data extraction form

1. Study ID

2.1. Journal where the study was published

2.2. Type of publication

2.3. Authors' affiliation

3.1. Study design as specified in the report

3.2. Study aims & objectives

3.3. Countries where the study was conducted

3.4. WHO region

3.5.World Bank income category

3.6. Study start date

3.7. Study end date

3.8. Method of comparison

4.1. Total number of participants invited to take part in the study

4.2. Total number of participants who agreed to take part in the study

4.3. Total number of participants meeting the inclusion criteria for participation in the study
4.4. Total number of participants included in the study

4.5. If cluster RCT, total number of clusters initially included in the study

4.6. If cluster RCT, total number of clusters randomised

4.7. Inclusion criteria

4.8. Exclusion criteria

5.1. Total number of experimental groups (including the control group)

5.2. Were groups tested for baseline differences?

5.2.1. If there were baseline differences, please specify what the difference was
5.3. Indicate the type of degree or qualification that participants were pursuing
If other, please specify:

5.4. Year of study within the anticipated degree or qualification

5.5. Control group

5.5.1. Total number of participants/clusters allocated to the control group

5.5.2. Mean age (standard deviation) of the participants in the control group



5.5.3. Name of educational intervention used as control

5.5.4. Description of the control condition

5.5.5. Field of study

5.6.6. Exposure to the control condition during the whole study
5.5.7. Total exposure time to the intervention

5.5.8. Type of technology/devices used to deliver the intervention
5.5.9. Delivery approach of the intervention

If other, please specify:

5.5.10. Was the usual delivery mode of the assessment changed?
5.5.11. If yes, please specify

5.5.12. Was the delivery mode of the assessment uniform across all the experimental
groups?

5.6. Intervention group |

5.6.1. Total number of participants/clusters allocated to this intervention group.
5.6.2. Mean age (standard deviation) of the participants in this intervention group
5.6.3. Name of educational intervention used in this intervention group

5.6.4. Description of this intervention condition

5.6.5. Field of study

5.6.6. Exposure to this intervention condition during the whole study

5.6.7. Total exposure time to the intervention

5.6.8. Type of technology/devices used to deliver the intervention

5.6.9. Delivery approach of the intervention

If other, please specify:

5.6.10. Was the usual delivery mode of the assessment changed?

5.6.11. If yes, please specify

5.6.12. Was the delivery mode of the assessment uniform across all the experimental
groups?

5.7. Intervention group Il

5.7.1. Total number of participants/clusters allocated to this intervention group.
5.7.2. Mean age (standard deviation) of the participants in this intervention group
5.7.3. Name of educational intervention used in this intervention group

5.7.4. Description of this intervention condition



5.7.5. Field of study

5.7.6. Exposure to this intervention condition during the whole study
5.7.7. Total exposure time to the intervention

5.7.8. Type of technology/devices used to deliver the intervention
5.7.9. Delivery approach of the intervention

If other, please specify:

5.7.10. Was the usual delivery mode of the assessment changed?
5.7.11. If yes, please specify

5.7.12. Was the delivery mode of the assessment uniform across all the experimental
groups?

5.8. Intervention group IlI

5.8.1. Total number of participants/clusters allocated to this intervention group.
5.8.2. Mean age (standard deviation) of the participants in this intervention group
5.8.3. Name of educational intervention used in this intervention group

5.8.4. Description of this intervention condition

5.8.5. Field of study

5.8.6. Exposure to this intervention condition during the whole study

5.8.7. Total exposure time to the intervention

5.8.8. Type of technology/devices used to deliver the intervention

5.8.9. Delivery approach of the intervention

If other, please specify:

5.8.10. Was the usual delivery mode of the assessment changed?

5.8.11. If yes, please specify

5.8.12. Was the delivery mode of the assessment uniform across all the experimental
groups?

If more than 4 intervention groups (including the control group), please copy and paste the
relevant cells as needed

6.1. Was 'Knowledge' measured? - If not, please go to section 6.2.

6.1.1. Instrument or measure used to asses knowledge - as specified by the study authors
6.1.2. Is this a validated instrument?

6.2. Were 'Skills' measured? - If not, please go to section 6.3.

6.2.1. Instrument or measure used to asses skills - as specified by the study authors



6.2.2. Is this a validated instrument?

6.3. Were 'Attitudes’ measured? - If not, please go to section 6.4.

6.3.1. Instrument or measure used to asses attitudes - as specified by the study authors
6.3.2. Is this a validated instrument?

6.4. Was 'Student satisfaction' measured? - If not, please go to section 6.5.

6.4.1. Instrument or measure used to asses student satisfaction - as specified by the study
authors

6.4.2. Is this a validated instrument?
6.5. Was an economic evaluation of the eLearning intervention performed?

6.5.1. Were quantitative indicators like costs, investments, hardware, software, license fees
and benefits/savings of the eLearning intervention measured?

6.5.2. Was the urgency of the eLearning intervention (i.e., due to a new regulation or
organisational demand) mentioned?

6.5.3. Were qualitative-strategic indicators of the eLearning intervention like quality and
performance improvements measured?

6.5.4. Were external factors of the eLearning intervention like synergy effects or economies
of scope measured?

6.5.5. Please list any additional economic indicators that were measured
7.1. Selection bias
7.1.1. Random sequence generation

7.1.1.1. Describe the method used to generate the allocation sequence in sufficient detail to
allow an assessment of whether it should produce comparable groups

7.1.1.2. Please indicate your judgement
7.1.2. Allocation concealment

7.1.2.1. Describe the method used to conceal the allocation sequence in sufficient detail to
determine whether intervention allocations could have been foreseen in advance of, or
during, enrolment

7.1.2.2. Please indicate your judgement
7.2. Performance bias
7.2.1. Blinding of participants and personnel

7.2.1.1. Describe all measures used, if any, to blind study participants and personnel from
knowledge of which intervention a participant received. Provide any information relating to
whether the intended blinding was effective

7.2.1.2. Please indicate your judgement

7.3. Detection bias



7.3.1. Blinding of outcome assessment

7.3.1.1. Describe all measures used, if any, to blind outcome assessors from knowledge of
which intervention a participant received. Provide any information relating to whether the
intended blinding was effective

7.3.1.2. Please indicate your judgement
7.4. Attrition bias
7.4.1. Incomplete outcome data

7.4.1.1. Describe the completeness of outcome data for each main outcome, including
attrition and exclusions from the analysis. State whether attrition and exclusions were
reported, the numbers in each intervention group (compared with total randomized
participants), reasons for attrition/exclusions where reported, and any re-inclusions in
analyses performed by the review authors

7.4.1.2. Please indicate your judgement
7.5. Reporting bias
7.5.1. Selective reporting

7.5.1.1. State how the possibility of selective outcome reporting was examined by the review
authors, and what was found.

7.5.1.2. Please indicate your judgement
7.6. Other bias
7.6.1. Other source of bias

7.6.1.1. State any important concerns about bias not addressed in the other domains in the
tool

7.6.1.2. Please indicate your judgement

8.1. Recruitment bias

8.1.1. Please describe any evidence of recruitment bias.

8.2. Baseline imbalances

8.2.1. Please describe any evidence of baseline imbalances.
8.3. Loss of clusters

8.3.1. Please indicate any evidence of risk of bias due to loss of clusters.
8.4. Incorrect analysis

8.4.1. Please indicate any evidence of incorrect analysis.
9.1. Control group

9.1.1. Outcome reported

9.1.2. Measure of effect size (as measured by the study authors)



9.1.3. Measure of dispersion (as measured by the study authors)
9.1.1. Outcome reported

9.1.2. Measure of effect size (as measured by the study authors)
9.1.3. Measure of dispersion (as measured by the study authors)
9.1.1. Outcome reported

9.1.2. Measure of effect size (as measured by the study authors)
9.1.3. Measure of dispersion (as measured by the study authors)
9.1.1. Outcome reported

9.1.2. Measure of effect size (as measured by the study authors)
9.1.3. Measure of dispersion (as measured by the study authors)

If more than one outcome was reported, please insert more cells here and copy and paste
the relevant data entry boxes.

9.2. Intervention | group
9.2.1. Outcome reported
9.2.2. Measure of effect size (as measured by the study authors)
9.2.3. Measure of dispersion (as measured by the study authors)
9.2.1. Outcome reported
9.2.2. Measure of effect size (as measured by the study authors)
9.2.3. Measure of dispersion (as measured by the study authors)
9.2.1. Outcome reported
9.2.2. Measure of effect size (as measured by the study authors)
9.2.3. Measure of dispersion (as measured by the study authors)
9.2.1. Outcome reported
9.2.2. Measure of effect size (as measured by the study authors)
9.2.3. Measure of dispersion (as measured by the study authors)

If more than one outcome was reported, please insert more cells here and copy and paste
the relevant data entry boxes.

9.3. Intervention Il group
9.3.1. Outcome reported
9.3.2. Measure of effect size (as measured by the study authors)
9.3.3. Measure of dispersion (as measured by the study authors)

9.3.1. Outcome reported



9.3.2. Measure of effect size (as measured by the study authors)
9.3.3. Measure of dispersion (as measured by the study authors)
9.3.1. Outcome reported

9.3.2. Measure of effect size (as measured by the study authors)
9.3.3. Measure of dispersion (as measured by the study authors)
9.3.1. Outcome reported

9.3.2. Measure of effect size (as measured by the study authors)
9.3.3. Measure of dispersion (as measured by the study authors)

If more than one outcome was reported, please insert more cells here and copy and paste
the relevant data entry boxes.

9.4. Intervention Il group
9.4.1. Outcome reported
9.4.2. Measure of effect size (as measured by the study authors)
9.4.3. Measure of dispersion (as measured by the study authors)
9.4.1. Outcome reported
9.4.2. Measure of effect size (as measured by the study authors)
9.4.3. Measure of dispersion (as measured by the study authors)
9.4.1. Outcome reported
9.4.2. Measure of effect size (as measured by the study authors)
9.4.3. Measure of dispersion (as measured by the study authors)

If more than one outcome was reported, please insert more cells here and copy and paste
the relevant data entry boxes.

9.5. Comparison |

9.5.1. Please indicate the intervention groups being compared
9.5.2. Please indicate the outcomes being compared

9.5.3. Statistical test used for the comparison

9.5.4. Result of the test

9.5.5. P value / Confidence intervals

9.6. Comparison Il

9.6.1. Please indicate the intervention groups being compared
9.6.2. Please indicate the outcomes being compared

9.6.3. Statistical test used for the comparison



9.6.4. Result of the test

9.6.5. P value / Confidence intervals

9.7. Comparison lI

9.7.1. Please indicate the intervention groups being compared
9.7.2. Please indicate the outcomes being compared

9.7.3. Statistical test used for the comparison

9.7.4. Result of the test

9.7.5. P value / Confidence intervals

9.8. Comparison IV

9.8.1. Please indicate the intervention groups being compared
9.8.2. Please indicate the outcomes being compared

9.8.3. Statistical test used for the comparison

9.8.4. Result of the test

9.8.5. P value / Confidence intervals

9.9. Comparison V

9.9.1. Please indicate the intervention groups being compared
9.9.2. Please indicate the outcomes being compared

9.9.3. Statistical test used for the comparison

9.9.4. Result of the test

9.9.5. P value / Confidence intervals

9.9. Comparison V

9.9.1. Please indicate the intervention groups being compared
9.9.2. Please indicate the outcomes being compared

9.9.3. Statistical test used for the comparison

9.9.4. Result of the test

9.9.5. P value / Confidence intervals

9.9. Comparison V

9.9.1. Please indicate the intervention groups being compared
9.9.2. Please indicate the outcomes being compared

9.9.3. Statistical test used for the comparison

9.9.4. Result of the test



9.9.5. P value / Confidence intervals

For each comparison conducted in the study, please copy and paste the cells as appropriate
10.1. Organisational setting

10.2. Technological infrastructure

10.3. Instructional Systems Design and Curriculum development

10.4. Delivery

10.5. Advantages of eLearning - as reported by the study authors

10.6. Disadvantages of eLearning - as reported by the study authors

11.1. Source of financing - as reported by the study authors

11.2. Did the intervention undergo a formal accreditation process within the host institution?
11.3. If yes, please describe

11.4. Was the elLearning intervention developed for this study consequently adopted as a
formal method for the delivery of education at the host institution?

11.5. If yes, please specify

12.1. Study conclusions - as stated by the study authors

12.2. Limitations of the study - as reported by the study authors

12.3. Was contact with the study authors sought? - If No, please go to section 12.5
12.4. Please indicate the nature of the information requested from the study authors
12.5. Please indicate the results of the request for information

12.6. Additional notes



3: Results of electronic searches

Number of citations yielded by the electronic searches for each bibliographic database

Database Results
Before de-duplication After de-duplication

MEDLINE 941 806
EMBASE 3206 3123
PsycINFO 334 334
Web of Knowledge 6993 4099
ERIC 146 146
CENTRAL 588 584

Total 12208 9092




4: Characteristics of included studies for offline computer-based eLearning
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COMPARISON

TOTAL NUMBER
YEAR OF STUDY
SPECIALITY
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TIME AMD
TECHNOLOGY
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RCT | STUDY DESIGN
Germarg | LOCATION

Weih 2008

raditional

eleamirg vs.

learning

-
(=]
-

Eighth semester
Medicine, peychology | HEALTHCARE

CG: traditional lectura

1G: CO-ROM, Interactive LMS (LearnCube) in addition to
traditional becturs

= traditional lecture 2
times 45 minutes,
1.7 howrs for the
programme

= hame PC, Pentium Il
M35 Windows g8 SE,
LeamCubeSoftware

Knowledge: 20 MCOQ
Sattsfaction: 20 item
guestioninaine

RCT
114
raditianal

Willlams 2001
eLearmingvs.

learning
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Fourthyear
Madicine

(0G: lecturewith videotape, covenng a detalled history of the
presenting complaint and a mental state examination

1G: excampts from the same videowaere used inthe
computerbased package.Video clipswithin the package
show the refemer assessing the presenting problem and
the patient describing their vwn symptoms, and provide
ey background Information. Students are prompted to
seek further iInformation by carying out physical, social

and psychalogical Imvestigations, and furthervidea clips
allow the leamer to cary out a structured mental state
examination before making a differential diagnosts. Users
af the program can go at thelr own pace (zithough in this
study, time was imited to match that avallable for students
recaiving the lecture) and navigate their own way through
the package. Leamers get regular feedback on the decislons
they are making and are able to test their nowledge and
skillls In recognising mental state phenomena

* g5 Minutes

* computer based
package, computer

Knowledge: 1o 5-stem
MO0 and mental state
ExEm

RCT

Carada
eLeamingvs.
raditional
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b

First year
Medicine

UG: no additional intervention (control)
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I1G Il: expert feedback during practice trizls (concuwrent
feedback)

1G Ik expert feedback after practice trials (summary
feedback)

* 1 hour
= videa Instruction tool

Skills: global rating scale
and Imperizl College
Surgical Assessment
Dewice

&= Controd group
1 =Intarvention group

"Publication contained tawo studies




5: Risk of bias in included studies

Risk of bias for the 41 parallel RCTs will be covered in this subsection and risk of bias for the
eight cluster RCTs will be presented in the subsection thereafter.

Overall the majority of the included parallel RCTs were considered to be of low quality
because of high risk of bias.[31,34-37,39,41-47,50,53-55,59,60,65,66,69—72,74] Only a
few studies[30,40,49,51,52,56,58,61-64,68,69,75,76] were of high quality with none of the
assessed categories rated as high risk of bias (Figure 3). The majority of studies had one or
more categories classified as unclear risk of bias, especially with regards to the allocation of
participants to intervention groups - see Figure 3 (Risk of bias graph) and Figure 4 (Risk of
bias for each individual parallel RCT separately).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias

0% 25% 0% 7E%  100%

.an risk of hias DUncIearriak ofhias .Highrisk of bias

Figure 3: Risk of bias graph



7
=
=
o
R
7 g 2
w =
= g 2
= % = = G
= 2 £ 3 s
8 5 8 £ 5 %
= £ § g g =
2 2 =2 5 E o
£ 8 E 4 5 £
o o8 B 2
5§ 2 8 = 3
= E 2 ¢ £ 3
= T = a8 = £
o X £ - £ £
2§ 23 2 3
= = N e o ar
£ 5 2 3 2 3 &
£ 5 = =z 2 2 =
2 ® § £ £ % =
£ & E E g 2 2
fF T m om = & &
ackermann 201028 | 2 |2 | @ | O | © | @
amesse200829] | 2 |2 | @ | @ |72 | @@
Bloomfield 201032 | @ | @ @ | @ |2 (@@
Bostz010[23] |2 |2 @ @D @ O O
Bogacki2ond34 [ @ |2 @ | O | @ |2 (@
Bradley 200525 | @) | @ | @ | © | O (O | ®
pavis 200836 | @ | D @ | O | OO | @
Feeg200537] | 2 |2 @ |7 | @ | @@
Gelbzooipe |2 |2 (@2 |2 | @ @
Glicksmanzoneza) (2 |[@) | @O (O | @O
Goldsworthy 2006[40] | 2 | 2 (@ |2 (@] ? | @
creen2011[41]| 2 |2 @ |2 |2 | @ @
Hottzoo1sz |2 |2 (@ |2 @ @®|@®
Howerton 200243 [ @ [ 2 | @ | ® | @ | ©® | @
Huzotois) [ @ |2 (@2 (@ @@
Hudson 200445 | 2 |2 @ | | O | ®|@®
Joweti 2007047 | 2 |2 (@ |2 |2 | @] 2
kaletzoizpss) | @) 2 (@2 | @@ @
Kimzooasa |2 |2 @ (@| 2 @2
Kong 2008[50] | 2 |2 @ |2 @ |@)| 2
Kurihara 2004511 | 2 |2 | @ | @ |2 | @ | @
Lrazo13sn |2 |2 (@2 @ @® |0
maleck 200153 (@ |2 (@ |2 @O | @
MeDonough 2002(54] | @ [ 2 (@ |2 (@ | @] 2
Mietzyhrodzka 200156 | 2 |2 | @ |2 @ | @ | @
Morpulis 201257 |2 |2 (@ |2 | @ | © | @
Nance zooase) [ @ |2 | @ (O | OO | @
Nolaz00559] |2 |2 (@ |2 @ @ @
Mousiainen 2008(50] | 2 |2 | @ | @ |2 (@2
Perfeito 200881] | 2 |2 (@ |2 @ @@
Frinz 2004052 | @ | 2 | @ |2 (@ | @ |2
Pusic200767) | @ | @O @ | O | @O | @
oaumizoodEd |2 (2 | D | OO 0|0
Seabra 200466 | 2 |2 @ | @ | @ | @ | 2
Shamaker2002(57) | 2 |2 (@ |2 (@ | @ |2
Solomon2004(58] | 2 |2 (@ |2 | @ | @@
Tunugurtla 200869) (2 |2 | @ |2 | @ | ® | @
vichivejpaisal 200170] | 2 | 2 | @ |2 | @ | @ | @
weihzoos72) [ @ (2 (@2 (@ @@
williams 200173 | @ |2 | @ | @ | @ || @
Meroulis 2007074 | 2 |2 | @ | @ |2 (@2

Figure 4: Risk of bias for each individual parallel RCT separately



Random sequence generation and allocation (selection bias)

Most studies (27 of the 41 studies, 66%) included little or no information about the random
sequence generation and were therefore classified as having an unclear risk of
bias.[30,31,35,39-44,47,49,51-54,58,59,61-63,66,68—72,76] Of the remaining studies, only
two[50,55] had a high risk of bias for Random sequence generation. One[50] of these
studies generated the allocation sequence by assigning students to an intervention in the
order with which they were entering the room. The other study[55] classified as high risk
used radioactive decay numbers to generate the random sequence. Although this is
considered a good method, the investigators did not randomise all participants in this way as
20 students were allocated to the control group for practical reasons. The Random sequence
generation was judged to result in a low risk of bias for 12[34,36—
38,45,46,56,60,64,65,74,75] of the 41 studies (29%).

The method used in the majority of the cases to generate a random number sequence was
computer software[34,36,38,45,46,60,65,74,75]. Furthermore, two studies used a random
number table[37,64] and one[56] used “odd” and “even” conditions from a random number
series.

There was no information about the allocation concealment method in
36[30,31,35,36,39,40,42-47,49-56,58—-64,66,68—72,74—76] out of the 41 trials (88%) and
therefore these studies were classified as having an unclear risk of allocation bias. Five
studies (12%)[34,37,38,41,65] had a low risk of allocation bias. Two[34,65] of the five studies
classified as low risk of bias generated the random numbers on a computer and the numbers
were delivered in a way that ensured concealment of allocation, whereas the remaining
three studies[37,38,41] all used opaqgue envelopes for concealment.

Blinding (performance bias and detection bias)

The risk of bias assessment for blinding of participants and personnel focused only on the
knowledge and skills outcomes. The risk of bias was classified as low for all studies, even
though blinding of participants and personnel was not possible in any of these studies
because of the nature of the interventions. Our assessment was based on the fact that the
35 studies[30,31,34,36-40,42-47,50-56,58,59,61,63-66,68—72,74,75] investigating
knowledge and the six studies[35,41,49,60,62,76] where only skills were measured had an
objective outcome assessment. Therefore, the assessment was considered impervious to
the student’s opinion about the teaching method. As indicated before, subjective outcomes
such as attitudes and student satisfaction were not included in the risk of bias assessment
for blinding of participants and personnel. Subjective outcomes are more prone to
performance bias when participants aren’t blinded due to the fact that the participants’
responses are easily affected by e.g. concerns of consequences of responding negatively to
a program developed by the lecturer. Attitudes and student satisfaction would therefore have
resulted in a high risk of bias in all of the included studies.

Nineteen[30,31,34-38,41,45,47,51,53,60,62,65,66,68,75,76] of the 41 RCTs (46%) were
considered to be at low risk of bias for the blinding of outcome assessment. The risk of bias
was not only considered low risk in studies where all outcome assessors were blinded but
also in studies with unblinded assessors if the method of outcome assessment included no
element of interpretation and a classification of a result could be done unambiguously e.g.
only assessment was a multiple choice test. The remaining 22 studies[39,40,42—
44,46,49,50,52,54-56,58,59,61,63,64,69—-72,74] (54%) were rated as having an unclear risk
of bias due to lack of information about the blinding of the outcome assessors.



Incomplete outcome data (attrition bias)

As a consequence of the fact that none of the students were blinded there is a high risk of
attrition bias for any outcome that relies on active participation of students for follow-up (e.g.
answering a questionnaire on attitudes and satisfaction and taking a knowledge test).

A substantial number (12 out of 41, 29%) of the studies[37-39,42,44,47,55,65,69—-71,74] did
not report complete outcome data (e.g. only reported the mean test score but did not report
the number of students who were analysed) or had differential drop-out rates in the different
intervention groups and were consequently classified as high risk of bias. Seven of the
studies classified as high risk of bias studies[38,39,44,65,69—71] showed a difference in the
attrition/exclusion rates between the intervention groups. Five studies[37,42,47,55,74] that
were classified as having a high risk of bias had missing/unreported data and did not
account for or comment on this.

Twenty (49%) studies[30,35,36,41,45,46,50,52,54,56,58-61,63,64,66,68,72,75] were
classified as low risk of bias for incomplete outcome data. These studies reported if attrition
and exclusion had occurred. The information provided regarding the reason for not
analysing all participants was either similar for the groups being compared and/or showed
only a small and statistically insignificant difference between the studies.

Because details of attrition and exclusion were not reported, nine studies
(229%)[31,34,40,43,49,51,53,62,76] were classified as unclear risk of bias for incomplete
outcome data. In these studies it was not clear if there was excessive drop-out in one group
compared to the other(s) or if it had occurred at all.

Selective reporting (reporting bias)

The majority of studies (37 out of 41, 90%)[30,31,34,35,37,38,40,41,43-46,49-56,58—
66,68—72,74—-76] were rated as low risk of selective reporting bias. This was mainly due to
the categorization criteria for low risk of bias that only required the authors to report results
for all outcomes reported in the methods sections of the published articles; protocols were
not available to our reviewers. Only two studies[36,42] were rated as having an unclear risk
of bias (5%). This was a result of the authors not presenting sufficient details on planned
tests to allow us to assess the risk of selective reporting bias. Similarly, only two[39,47] out
of the 41 studies (5%) were categorized as having a high risk of selective reporting bias.
One of these studies[47] described one or more outcome measures that they had
investigated and then did not report them in the results. The other study[39] omitted two
questions out of 20 in the analysis of the results without giving any explanation for the
exclusion or results for them, and only reported the comparison between the controls and a
subgroup of the intervention group rather than the entire intervention group.

Other potential sources of bias

Volunteer bias is an important and sometimes almost inevitable problem in studies
assessing different ways of learning. Volunteer bias therefore resulted in a high risk of bias
classification in 18 of the 41 included studies (44%).[31,34,36,37,41,44—
47,50,59,60,65,66,70-72,74] It was unclear whether volunteer bias was a problem in 14 of
the 41 studies[30,35,39,42,43,49,51,53,54,56,62,64,68,76] (34%). Only nine studies (22%)
randomized entire class rooms or the entire year, and were therefore at low risk of volunteer
bias.[38,40,52,55,58,61,63,69,75]



We classified nine studies (22%)[35,39,42,43,47,54,55,66,74] as having a high risk of bias
other than volunteer bias and types earlier described. Five of these studies[35,39,42,43,54]
suffered from imbalanced comparison groups where more material or information was given
in one group compared to others. This was only the case for the intervention group and thus
biased the results away from the null. Contamination (i.e. the control group was also
exposed to the eLearning intervention) was also a problem and concern in one study[74] that
was categorised as high risk of bias. However, it is possible that contamination occurred in
several of the other included trials as it is likely that students shared material with course
mates who were randomised to a different group. A study investigating different computer-
based formats[47] had differential attendance among the different eLearning interventions
and was therefore also considered to be at high risk of bias. Another study[55] categorised
as having a high risk of bias was the study that breached the RCT design because 20
students were added to the control group without having been randomised as such; the
analysis of results did not take this into account following a per protocol analysis rather than
intention to treat. Finally, one study of academic performance of medical students[53] only
presented some of the results stratified by the different intervention groups whereas the rest
were presented stratified by performance groups; thus not all analyses are reported
according to the group they were randomised to.

Seven studies[35,37,45,46,49,51,69] (17%) were classified as having an unclear risk of
other bias. Three of these studies[37,51,69] had (either) 1-2 students attending interventions
they were not allocated to or the reviewer was unable to assess whether contamination
could have taken place. One study[46] had small baseline differences that were likely to
have occurred by chance. Another study[35] failed to report any information on who the
students recruited were (i.e. course, year etc.). A study of teaching methods for intraoral
radiography[45] did not clearly state what the control group was exposed to. Finally, a study
investigating teaching methods for surgical skills [49] did not compare two different
intervention methods, but instead exposed one group to longer time with the intervention.

Due to several types of bias being assessed under other potential sources of bias we
classified other bias as high risk of bias if one of the elements assessed was of high risk
even though other elements were unclear or low. For example if there was a high risk of
volunteer bias, but a unclear risk of contamination we would classify it as having a high risk
of Bias. Please refer to Figure 3 for the assessment per study.

Risk of bias in cluster RCTs

Eight studies reported in six articles included in our review were cluster
RCTs.[32,33,48,57,67,73] The methods and analyses employed in these cluster RCTs were
generally not judged to be of high quality due to one or more risk of bias items being
categorised as high risk of bias.

The recruitment process and recruitment bias was not addressed in six[32,33,48,57,67] of
the eight included studies. The remaining two studies[73] that were judged to be of low risk
of recruitment bias had provided enough information on the participant flow and
randomization process for this assessment to be made.

Baseline characteristics differed between the intervention and control group in six
studies.[33,57,67,73] In two studies,[57] the authors chose not to combine the results of two
separate cluster RCTs because of these differences. In the other four studies[33,67,73]
there was a difference in previous experience with the field being taught or experience in



using a computer between the intervention and control group. These studies were therefore
all judged to be of high risk of bias affecting the outcome. Two studies[32,48] provided no
information on baseline characteristics and whether these were different between the
groups.

None of the studies reported loss of entire clusters, however, all but one study[32] reported
drop-out of individual participants. Six[33,57,67,73] of the studies had a high drop-out rate
that resulted in a high-risk of bias classification. One study investigating eLearning as a
method of teaching skills for performing electrocardiographs (ECGs)[48] reported attrition,
but this study was judged to have a low risk of bias because the attrition was limited and was
very unlikely to have affected the results.

Two studies examining methods of teaching musculoskeletal examination skills[73]
accounted for the cluster unit in the analysis of the results. The rest of the cluster RCT
studies[32,33,48,57,67] suffered from unit of analysis error (i.e. incorrectly analysed
participants as independent individuals rather than the unit they were randomized in)[26].
Therefore, in these studies there is a high risk of false positive conclusions. Two studies of
teaching methods for drug calculation skills[57] addressed the issue of a reduced effective
sample size due to the nature of the cluster RCT design but did not account for it in the data
analysis.

Volunteer bias was only a problem in one of the cluster RCTs.[67] In another study[32] it was
unclear whether or not there was a risk of volunteer bias. The remaining six
studies[33,48,57,73] were all categorised as having a low risk of volunteer bias.

In the study by Roppolo et al.[67]there was a high risk of selective outcome reporting
because the authors state that cognitive testing took place but did not report the results.
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