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A B S T R A C T

This is the protocol for a review and there is no abstract. The objectives are as follows:

To evaluate the effectiveness of Serious Gaming and Gamification interventions for delivering pre- and post-registration health profes-

sional education compared with traditional learning, other types of eLearning, or other Serious Gaming and Gamification interventions.

We will primarily assess the impact of these interventions on students’ knowledge, skills, professional attitudes and satisfaction.

B A C K G R O U N D

Description of the condition

Many healthcare systems worldwide are suffering from a critical

shortage of trained health workers. In 2013 the World Health

Organisation (WHO) estimated that this shortage numbered 7.2

million (WHO 2013), with low- and middle-income countries

most affected.

A dramatic demographic and epidemiological change is happen-

ing worldwide, with ageing populations and increasing prevalence

of non-communicable diseases, resulting in increasing demand for

healthcare workers in all settings (Lopez 2006). Some of the poor-

est countries are facing a “triple burden” of disease, as non-com-

1Serious Gaming and Gamification interventions for health professional education (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:josip.car@imperial.ac.uk
mailto:josip.car@ntu.edu.sg


municable diseases add to existing communicable and socio-be-

havioural illnesses (Sen 2000; WHO 2014). Many low- and mid-

dle-income countries, whose resources are already severely limited,

face the further depletion of staff as many students and trained

health workers migrate to wealthier countries, known as the “brain

drain” phenomenon (Kuehn 2007). This has the overall effect of

subsidising the healthcare systems of wealthier countries, as health

workers, whose training has been paid for or subsidised by their

home country, then migrate.

A further challenge has been posed for post-registration health

professional education by the working hour restrictions in place in

many countries, such as the European Working Time Directive in

the European Union. Such restrictions are important for ensuring

patient safety, but require the development of innovative methods

of training healthcare professionals in increasingly complex tech-

niques in a shorter time, whilst ensuring cost-effectiveness. New

methods of learning that allow training to occur in a safe environ-

ment outside of the workplace are necessary.

The shortage of health workers is aggravated by the inadequacy of

many training programmes (Chen 2010) and the lack of available

healthcare teachers and lecturers (Dorman 2009). The content,

organisation and delivery of training programmes often fail to

equip health workers with the skills, competencies, experience and

expectations needed to satisfy the changing health needs of the

populations they are to serve (Frenk 2010).

It is essential to enable, develop and promote innovative educa-

tional programmes which increase the number of trained health

providers, whilst ensuring that the quality and relevance of training

meets these new challenges (WHO 2011). Of particular impor-

tance is the ability of health professionals to mobilise and search for

available knowledge, along with a capacity and willingness to en-

gage in critical reasoning and collaborative practice (Frenk 2010).

The increased use of information and communication technolo-

gies is recognised as one of the key strategic platforms on which

to build strong education and training systems (Crisp 2008). In-

novative ways of teaching and learning are required to respond to

the need for health professional education, tackle the shortage of

trained healthcare workers and ultimately improve patient care.

eLearning may be one such innovation.

This review is one of a series of Cochrane reviews assessing the

scope for, and potential impact of, a range of eLearning resources

for different levels of healthcare education and training. These

arose in response to a report commissioned by the WHO Depart-

ment of Knowledge Management and Sharing, which involved a

systematic review evaluating the efficacy of eLearning interven-

tions for undergraduate health professional education (George

2014; Rasmussen 2014; WHO 2015). eLearning may encompass

a variety of interventions characterised by their tools, contents,

learning objectives, pedagogical approaches and setting of deliv-

ery. eLearning can include, but is not limited to, offline and on-

line computer-based eLearning, Massive Open Online Courses

(MOOCs), virtual reality environments, simulation, mLearning,

Serious Gaming and Gamification. This review will focus on the

use of Serious Gaming and Gamification interventions for pre-

and post-registration health professional education.

Description of the intervention

eLearning can be defined as “an approach to teaching and learn-

ing, representing all or part of the educational model applied, that

is based on the use of electronic media and devices as tools for

improving access to training, communication and interaction and

that facilitates the adoption of new ways of understanding and de-

veloping learning” (Sangrà 2012). The field of eLearning is grow-

ing due to advances in modern technology and current applica-

tions of its use, accentuated by the increased volume of, and access

to, information (Frenk 2010). When eLearning is combined with

traditional methods of education, such as face-to-face teaching, it

is described as ‘blended learning’.

An educational game can be defined as “an instructional method

requiring the learner to participate in a competitive activity with

pre-set rules” (Fitzgerald 1997) and generally refers to gaming in-

terventions delivered via any medium. A number of systematic

reviews have assessed the efficacy of educational games for health

professional learning. A Cochrane review by Akl 2013 included

two studies of non-digital games for health professional education

and was unable to “confirm or refute the utility of games as a

teaching strategy”. Another Cochrane review of games for men-

tal health professionals included one small study of a non-digital

game and found that participants in the intervention group had

better test scores a few hours post intervention (Bhoopathi 2006).

A systematic review of games for medical and dental student edu-

cation included five studies, three of which suggested that gaming

interventions had a positive effect on student knowledge. However

all of the included studies were deemed to be of low methodolog-

ical quality and only one study involved an intervention delivered

via a digital device (Akl 2010).

The idea of ‘Serious Games’ was first outlined by Abt in 1970,

who considered them to be games that “have an explicit and care-

fully thought-out educational purpose and are not intended to be

played primarily for amusement” (Abt 1970). This was before the

widespread use of digital technologies, and so referred to games

played on any medium, but the term is now more commonly used

to refer specifically to digital games (Sawyer 2003). The concept

of games with ‘serious intent’ is being applied within a broad set

of industries, including health, defence, education, politics, train-

ing and ecology, with a very diverse range of approaches (Alvarez

2012). As a result, a variety of other terms have been used to de-

scribe some of these interventions, including Digital Game-Based

Learning, Alternative Purpose Games, Games for Good (Sawyer

2008) and Edugaming (Angarita 2005), and no specific definitions

or domain boundaries have been agreed upon amongst industry

professionals or in the academic literature (Djaouti 2011).
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There is some debate as to whether the term ‘Serious Game’ can

be used more broadly than as defined by Abt 1970, to include

games used for education without being designed for the purpose,

such as using commercial off-the-shelf games (COTS) for educa-

tion. Additional challenges in definition are posed by the perhaps

contradictory idea of whether something can be both ’fun’ and

’serious’, and if it can, what factors separate a serious game from

one that is not serious.

For the purposes of this review we will use terminology as defined

by Alvarez 2015 and Alvarez 2012. The term ‘Serious Game’ will

be used to refer only to games designed specifically for the ‘serious’

purpose of providing health professional education, delivered via a

digital device. The term ‘Serious Diverting’ will be used to refer to

the use of games originally designed primarily for entertainment

used without modification, as part of an intervention intended

to be used for health professional education, delivered via a dig-

ital device. The term ‘Serious Modding’ will be used for games

originally designed for entertainment, which have been modified

in order to be used ‘seriously’ for health professional education.

‘Serious Gaming’ will be used to refer to any use of digital games

for health professional education, thereby encompassing ‘Serious

Games’, ‘Serious Diverting’ and ‘Serious Modding’.

A related but separate concept is that of ‘Gamification’, which for

the purposes of this review, can be defined as “the application of

the characteristics and benefits of games to real world processes

or problems” (Wortley 2013). Gamification differs from Serious

Games in terms of the design intention, with Gamification in-

terventions involving the application of game elements to some-

thing with a utilitarian purpose, and Serious Games designed as

full-fledged games for a purpose other than just entertainment

(Deterding 2011a). Both may be experienced by the user as a com-

plete game. Gamification has the potential to allow for greater in-

volvement of the user in setting their own objectives or outcomes,

personalisation of the intervention and cost effectiveness (Wortley

2013). Most, but not all, uses of the term refer to interventions

involving the use of enabling digital technologies.

Serious Gaming and Gamification interventions may take place on

a number of platforms, including personal computers and mobile

phones. Approximately three quarters of the world’s population

has access to a mobile phone, and growth in mobile communica-

tion is particularly notable in low- and middle-income countries,

where many new mobile applications are designed (World Bank

2012), and the number of people with access to personal comput-

ers and the internet is growing.

Interventions that: aim to directly replicate real experiences (such

as a cardiac arrest simulation); involve a psychomotor skills trainer

(such as a laparoscopic surgery simulator); or involve virtual reality

environments, will only be included in this review if there is a

clear game-based component and the intervention is delivered via

a digital device.

How the intervention might work

eLearning interventions have the potential to provide learners with

greater ease of access and flexibility, portability, an increased num-

ber of interactions with tutors and an increased amount of inter-

action with peers when compared to traditional learning. eLearn-

ing interventions may provide monetary savings, be scalable, free

up lecturer time for tutor-led workshops, ease development and

updating of materials and allow for practice of skills prior to prac-

tice with patients (or even allow for practice when patients are not

available). However, it may be more time consuming, inhibit in-

depth discussions and remove opportunities for students to clarify

points with their tutors or gain experience with patients.

Educational games may be part of an active learning environment

which allows learners to practice solving problems and making

decisions in risk-free surroundings (Akl 2013). The motivational

properties and intensiveness of gaming have the potential to be

harnessed for educational purposes (Garris 2002). Serious Gaming

and Gamification interventions have the potential to combine

the advantages of eLearning with the advantages of game-based

learning. The role of simulation in health professional education

is growing rapidly, giving trainees opportunities to practice skills

in a safe environment, improving patient safety and allowing for

greater experience. Serious Gaming interventions may have the

potential to allow for greater experience in a safe environment in

a similar way (Allery 2004).

Whether cost is an advantage of Serious Gaming and/or Gamifi-

cation interventions, or a barrier to its use, will likely depend on

the type of intervention. The reusable nature of these interven-

tions may reduce costs, in a similar way as proposed for digital

learning objects (Ruiz 2006). Alternatively costs of development

and maintenance may be a barrier, as has been suggested for other

forms of eLearning (Childs 2005). Serious Gaming and Gamifica-

tion interventions could be developed as standalone interventions

focused on a particular area of health professional education, or

integrated into education programmes, settings and environments

(Breuer 2010). These interventions could allow for greater learner

engagement, particularly for those who have grown up in an envi-

ronment in which they are immersed in information technology

and digital media (Breuer 2010; Prensky 2003).

A variety of technical and non-technical skills could be targeted,

including, but not limited to, analytical skills, strategic thinking,

knowledge, multitasking, decision making, communication and

psychomotor skills (Susi 2007), with multiplayer functions provid-

ing opportunities for collaborative learning (Prensky 2003). Seri-

ous Gaming and Gamification interventions have the potential to

be used to teach decision-making skills, as in a study by Boreham

1989, which assessed the effect of a computer game teaching med-

ical students about phenytoin dosage decision-making skills com-

pared with no intervention, or the Serious Game being developed

by Petit dit Dariel 2013 for the development of nurses’ clinical

reasoning in community settings. These interventions may also

have the potential to be used for practical skills training. A small
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study of medical students by Enochsson 2004 found that those

with greater computer games experience performed significantly

better in a surgical simulation task.

Serious Gaming and Gamification interventions could also be used

to create a learner-centred environment, moving away from the

role of the teacher as information provider, and creating variety

within a training programme (Allery 2004). Serious Gaming and

Gamification interventions for learning should be developed with

learning objectives in mind, and aligned with educational theory.

The digital and reusable nature of these interventions may allow

adult learners to choose the time and place in which they learn,

to receive feedback on their performance on which they can base

future learning, to set and achieve learning objectives and to de-

velop their skills in a setting with relevance to real life (Akl 2013;

Allery 2004). They also offer the potential for experiential learning

to occur in an environment that is safe and comfortable for the

learner and the patient, who does not need to participate in early

phases of students’ learning process (i.e. the phase when mistakes

are more likely to be made).

Serious Gaming and Gamification interventions are consistent

with Knowles’ theory of andragogy, which suggests that adult

learners are: 1. self-directed; 2. build on their previous experiences

when learning; 3. are goal-orientated; and 4. their learning is prob-

lem centred (Knowles 1970). These interventions may allow adult

learners to choose the time and place in which they learn, to re-

ceive feedback on their performance on which they can base future

learning, to set and achieve learning objectives and to develop their

skills in a setting with relevance to real life (Akl 2013). Kolb’s ex-

periential learning theory suggests that a learner has an experience,

observes and reflects on it, analyses it and forms abstract concepts,

and actively experiments, applying what they have learned to their

surroundings to see what the results are (Kolb 1984). Each of these

stages could be targeted by these interventions, allowing learning

to occur from the gaming/gamification experience.

Ritterfeld 2006 suggest that there are three main approaches that

may be taken by a Serious Gaming or Gamification resource to

combine education and gaming:

1. a reinforcement paradigm, where entertainment is offered

as a reward for learning;

2. a motivation paradigm, where entertainment is used to gain

the learner’s interest and attention to prepare them for learning;

or

3. a blended paradigm, where the learning procedure itself

aims to be entertaining.

Breuer 2010 suggest that the third approach is likely to be most

effective and has the potential to be able to harness the inher-

ent enjoyment of learning, in addition to enjoyment provided by

the game or game elements. Koster 2004 suggests that games and

learning are fundamentally linked, with the ‘fun’ from games oc-

curring as a result of the learning. Deterding 2011b suggests that

the role of gaming in making learning fun is by providing optimal

conditions in which the learning can take place, and that using

games to provide extrinsic motivation can actually be harmful, as

it reduces intrinsic motivation.

Why it is important to do this review

Previous reviews of the efficacy of eLearning interventions for

health professional education and barriers to its use have under-

lined its potential, but also stressed the need for further research

and reviews on the topic (Childs 2005; Cook 2010; Feng 2013;

George 2014; Lahti 2014; Rasmussen 2014; Rowe 2012; WHO

2015). This is largely due to the limited scope of existing eval-

uations, in terms of: outcomes (use, enjoyment and satisfaction,

as opposed to assessment of students’ knowledge and skills or

patient outcomes); duration (short term rather than long term);

professional field (nurses, medical education); educational con-

text (mostly high-income countries) and technology used (online

and offline computer-based, virtual reality). Other common lim-

itations include a lack of appropriate study design, lack of tools

available for unobtrusive data gathering and a lack of validated

scales for assessing outcomes (Mayer 2012). Although past reviews

have explored the impact of game-based learning on a number of

skills-based and cognitive outcomes (Garris 2002), it is still un-

clear which modes of design, context, content and delivery of such

interventions are most effective for health professional education.

Whilst Serious Gaming and Gamification interventions appear

to have much potential, rigorous evaluation is required to assess

whether they can lead to effective learning. There is the potential

for the game or game elements to become a distraction rather than

a facilitator of learning, with the method “more memorable than

the message” (Allery 2004), and so quality of learning must be the

focus, as opposed to the capabilities of the technology used (Vogel

2002).

Our review aims to help address the existing gaps by:

• updating the rapidly growing body of evidence on Serious

Gaming and Gamification, especially at a time when new

technologies, including mobile technologies, online games,

virtual worlds and alternate reality games (ARGs) have expanded

the ways in which games have traditionally been played;

• focusing on Serious Gaming and Gamification

interventions across various professional fields of health sciences

education at pre- and post-registration levels;

• evaluating the impact of interventions on learners’

knowledge, skills, attitudes and satisfaction;

• evaluating the impact of interventions for post-registration

health professionals on patient outcomes;

• capturing risks/side effects of Serious Gaming and

Gamifcation interventions;

• including evidence from low-, middle- and high-income

countries;

• being integrated in a series of reviews and final overview

which will provide a systematic approach to the multiple uses

and applications of eLearning in terms of channels (including
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online and offline interventions, simulated environments and

blended learning, as well as Serious Gaming and Gamification)

and training stages (pre- or post-registration health professional

education);

We hope that our evaluation will allow us to make recommenda-

tions for improvements to the design of future randomised and

cluster randomised controlled trials in this area, including types of

interventions that require further evaluation, recommended com-

parisons, outcomes, methods of outcome assessment and duration

of follow up.

O B J E C T I V E S

To evaluate the effectiveness of Serious Gaming and Gamifica-

tion interventions for delivering pre- and post-registration health

professional education compared with traditional learning, other

types of eLearning, or other Serious Gaming and Gamification

interventions. We will primarily assess the impact of these inter-

ventions on students’ knowledge, skills, professional attitudes and

satisfaction.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and cluster randomised con-

trolled trials (cRCTs).

We will include RCTs with unclear or high risk of bias for sequence

generation. If meta-analysis of included studies is feasible and ap-

propriate, we will include all RCTs regardless of their sequence

generation bias rating. However, we will also conduct sensitivity

analyses excluding those at unclear or high risk of bias, to examine

the robustness of the meta-analysis results to methodological lim-

itations of the included studies. We will exclude cross-over trials

due to the high likelihood of carry-over effect.

Types of participants

We will include studies with participants who are enrolled either

in:

• a pre-registration, undergraduate, health-related university

degree or basic, health-related vocational training programme,

defined for the purpose of this review as any type of study

leading to a qualification that: (i) is recognised by the relevant

governmental or professional bodies, and (ii) entitles the

qualification holder to apply for entry level positions in the

healthcare workforce. For this reason, graduate medical

education courses, such as those common in the United States

(USA), will be included; or

• a post-registration health professional education

programme, defined as any type of study after a qualification

which is recognised by the relevant governmental or professional

bodies that enables the qualification holder entry into or

continuation of work in the healthcare workforce in a more

independent or senior role, including participation in continuing

professional development (CPD) or similar activities.

We will include candidates for, and holders of, the qualifications

listed in the Health Field of Education and Training (091) of

the International Standard Classification of Education (ISCED-

F, IUS 2013), except the students of traditional, alternative and/

or complementary medicine. We have chosen not to include this

group due to differences in regulation of practice, use of evidence

to demonstrate efficacy, and registration of professionals compared

with other healthcare groups, and the lack of standardised curric-

ula and training outcomes and integration of these services with

mainstream health care in many countries. We will include stu-

dents from the following categories: dental studies, medicine, nurs-

ing and midwifery, medical diagnostic and treatment technology,

therapy and rehabilitation, and pharmacy. Participants will not

be excluded on the basis of age, gender or any other socio-demo-

graphic variable.

Types of interventions

We will include studies investigating any type of Serious Gam-

ing or Gamification intervention delivered to pre- and/or post-

registration healthcare professionals (as defined above) in which

education is the primary purpose of intervention delivery.

The following interventions will be included, if the primary pur-

pose of the intervention is pre- and/or post-registration health pro-

fessional education, and the intervention is delivered via a digital

device:

1. Serious Games - gaming interventions designed specifically

for health professional education;

2. Serious Diverting interventions - interventions using games

originally designed for entertainment, which have been used for

health professional education unmodified;

3. Serious Modding interventions - interventions using games

originally designed for entertainment, which have been modified

for use in health professional education;

4. Gamification interventions - interventions for health

professional education for which game elements have been

added, or any other intervention delivered via a digital device for

which the primary purpose is the delivery of health professional

education, and which uses game mechanics and design

techniques to engage and motivate participants to achieve their

goals.
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Digital devices include, but are not limited to: personal computers,

laptop computers, notebooks, tablets, games consoles and mobile

phones.

We will include studies where Serious Gaming and/or Gamifica-

tion methods are the sole intervention. We will also include studies

where Serious Gaming and/or Gamification methods are delivered

as part of a complex, multi-component intervention (i.e. blended

learning), but only where the Serious Gaming and/or Gamifica-

tion component is evaluated separately. For example, if two com-

plex interventions were compared, where the only difference was

the Serious Gaming and/or Gamification method, this would be

included as the Serious Gaming and/or Gamification element has

been evaluated separately.

We will include studies assessing the effectiveness of commercial

off-the-shelf (COTS) games if delivered as part of an interven-

tion in which delivery of educational content is the primary pur-

pose. We will exclude interventions aimed primarily at entertain-

ing the user that may also result in improvements in knowledge

and skills. For example, we would include an intervention involv-

ing a COTS game with the aim of improving the communica-

tion skills of healthcare students, but would exclude assessment of

whether playing a game aimed primarily at entertaining the user

also happened to improve psychomotor skills.

Gamification interventions will be included if they are primarily

delivered via a digital device. For example, an intervention in which

learners compete to achieve a higher score on a digital leader board

by answering electronic questions on a digital device would be

included, whereas an intervention in which learners participate in

game-based activities in a classroom but have a leader board on a

digital device would be excluded.

Interventions which aim to directly replicate real experiences (such

as a cardiac arrest simulation), which involve a psychomotor skills

trainer (such as a laparoscopic surgery simulator), or which involve

virtual reality environments will be included only if there is a clear

game-based component and the intervention is delivered via a

digital device. Classical simulations without a gaming component

will be evaluated in another Cochrane review in this eLearning

series.
We will include studies that make the following intervention com-

parisons:

• Serious Gaming or Gamification intervention versus no

intervention;

• Serious Gaming or Gamification intervention versus

traditional learning;

• Serious Gaming or Gamification intervention versus other

types of eLearning intervention;

• Serious Gaming or Gamification intervention versus

another type of Serious Gaming or Gamification intervention.

Types of outcome measures

We will include studies which report on at least one of the following

primary or secondary outcomes:

Primary outcomes

• Patient-related outcomes, for example, time to blood

pressure control (only for interventions delivered to post-

registration students).

• Students’ knowledge, using any validated or non-validated

instrument to measure difference in pre- and post-test scores, or

post-test scores only if no pre-test has been reported. If several

post-test results are available, data as to when those tests were

conducted will be recorded and the difference between the pre-

test and the first post-test will be used. When applicable the

difference between the pre-test and the last test available will be

used for sensitivity analysis.

• Students’ skills, measured using any validated or non-

validated instrument (e.g. pre- and post-test scores, time to

perform a procedure, number of errors made whilst performing a

procedure).

• Students’ professional attitudes towards patients (e.g.

awareness of moral and ethical responsibilities involved in

patient contact) and/or towards new clinical knowledge or skills

measured using any validated or non-validated instrument.

• Students’ satisfaction with the learning intervention

measured using any validated or non-validated instrument.

Secondary outcomes

• Education economics outcomes (e.g. cost, cost-

effectiveness).

• Adverse and/or unintended effects of the intervention (e.g.

the game elements are a distraction rather than a facilitator of

learning, poorer quality learning, focus on the capabilities of the

technology as opposed to the learning itself ).

Search methods for identification of studies

Electronic searches

The following databases will be searched:

• MEDLINE (via Ovid SP)

• EMBASE (via embase.com)

• Web of Knowledge (WoK)

• Educational Resources Information Centre (ERIC)

• Cochrane Central Register of Controlled Trials

(CENTRAL, The Cochrane Library)
• PsycINFO (via Ovid SP)

• Cumulative Index to Nursing and Allied Health Literature

(CINAHL) (via EBSCOhost)
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A common search strategy will be defined and used for all of the

reviews in this eLearning series. First a MEDLINE search strategy

will be developed, and this will then be adapted to search the other

databases. The keywords presented in Appendix 1 will be used.

Allocation of studies to a review will be done through the screening

of titles and abstracts. We will search from 1990 to the present.

Searching other resources

We will screen the reference lists of all included studies and of sys-

tematic reviews identified by our electronic searches. We will also

search the International Clinical Trials Registry Platform Search

Portal and Current Controlled Trials metaRegister of Controlled

Trials. We will contact study authors for further information when

necessary and to ask whether they are aware of any other studies

that might meet our inclusion criteria.

Data collection and analysis

Selection of studies

We will merge search results across databases using Endnote, and

remove duplicates. Titles and abstracts will then be assessed for

eligibility by at least two independent review authors according

to our pre-specified inclusion criteria. Screening will be calibrated

between the two review authors using the first 500 citations. The

full texts of studies which potentially meet our inclusion criteria

will be retrieved and reviewed independently by two authors. We

will contact study authors for further information if information

is missing or unclear. Any disagreements will be resolved by dis-

cussion between the two authors with a third adjudicating if re-

quired. Studies that appear to fulfil the inclusion criteria but are

later excluded from the review at the full text screening stage will

be detailed in the ‘Characteristics of excluded studies’ table, along

with their reasons for exclusion. Two review authors will verify the

final list of included studies.

Data extraction and management

Data will be extracted independently by at least two review au-

thors using a standardised data extraction sheet derived from the

Cochrane EPOC Group data extraction template (EPOC 2002).

The data extraction form will be piloted and adapted in response

to feedback. Disagreements will be resolved by discussion and a

third review author will adjudicate if required. Study authors will

be contacted if information is unavailable or unclear. Extracted

data will be entered into Review Manager and entries checked for

accuracy against the original data by another author.

Data to be extracted will include:

• study citation;

• study design: study design; aims and objectives; country in

which study was conducted; study duration; method of

participant recruitment;

• participants: inclusion/exclusion criteria; number of

participants recruited/excluded/declined; demographic

characteristics of participants;

• intervention and comparison: baseline differences; type of

qualification participants are pursuing and year of study;

description of intervention and control conditions; exposure;

type of technology/devices used to deliver intervention;

educational theory used; assessment method; “Game/Purpose/

Scope (G/P/S)” classification (Alvarez 2012);

• outcomes: outcomes measured; instrument used; data

collection method (e.g. videocapture, survey, metrics);

• results: quantitative data for all relevant outcomes;

• key conclusions of each study;

• ’Risk of bias’ data, in order to perform ’Risk of bias’

assessment, as outlined below.

Assessment of risk of bias in included studies

Risk of bias in RCTs and cRCTs will be assessed as described by the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011), by at least two independent authors. Review authors will

pilot the ’Risk of bias’ assessment prior to completing it. Disagree-

ments will be resolved by consensus, with discussion with another

review author if necessary. Study authors will be contacted for ad-

ditional information or clarification of study methods if required.

Results of the ’Risk of bias’ assessment will be presented in ’Risk

of bias’ tables, graphs and a narrative summary.

For RCTs we will evaluate the following individual elements:

random sequence generation; allocation sequence concealment;

blinding (participants, personnel); blinding (outcome assess-

ment); completeness of outcome data; selective outcome report-

ing; and other sources of bias (e.g. baseline imbalance, inappro-

priate administration of an intervention and contamination). We

will consider blinding separately for different outcomes where ap-

propriate (for example, blinding may have the potential to dif-

ferently affect subjective versus objective outcome measures). We

will judge each item as having a high, low or unclear risk of bias

according to the criteria provided by Higgins 2011, and include

a relevant quote from the study and a justification for our judge-

ment for each item in the ’Risk of bias’ table.

We will judge a study as being at the highest risk of bias if it is

scored as at high or unclear risk of bias for either the sequence

generation or allocation concealment domains, based on growing

empirical evidence that these factors are particularly important

potential sources of bias (Higgins 2011).

For cRCTs we will also assess and report the risk of bias associated

with an additional domain: selective recruitment of cluster partic-

ipants.
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Measures of treatment effect

For continuous outcomes we will calculate the mean difference

(MD) and 95% confidence intervals (CI). For dichotomous out-

comes we will calculate the risk ratio (RR) and 95% CI.

For cRCTs we will account for the effects of clustering by adjusting

each trial to its ’effective sample size’ using intra-class coefficients

(ICCs), where available, or using external estimates from similar

studies (Deeks 2008).

If more than one study measures the same outcome using different

tools, the mean differences for each study will be recalculated into

standardised mean difference (SMD) by dividing the study mean

between groups by the standard deviation of outcome among par-

ticipants.

Unit of analysis issues

For cluster RCTs (cRCTs) we will consider whether or not the

study accounts for unit of analysis error (i.e. if the authors incor-

rectly analysed participants as independent individuals rather than

the unit in which they were randomised) (Higgins 2011). If this

has already been accounted for we will simply extract and report

effect estimates and use these in any meta-analysis.

If unit of analysis error is not accounted for we will try to re-analyse

cRCTs if we can obtain information on the size and number of

clusters, and on the intracluster correlation coefficient value from

the study report or by contacting the authors. If the intracluster

correlation coefficient is not available we will use external estimates

from similar studies (Deeks 2008). We will then meta-analyse

using a generic inverse-variance method in Review Manager, which

accounts for clustering of data.

If we are unable to obtain these data we will report summary effect

measurements extracted from each cluster. The number of clusters

will be considered the sample size and meta-analysis performed as

if the trial was individually analysed. Note that this will reduce the

statistical power of the analysis.

Dealing with missing data

We will contact study authors to obtain missing data or clarify

areas of uncertainty. If we are unable to obtain sufficient data

we will use data available from the studies and assess the risk of

bias through the criterion ’incomplete outcome data’. We will not

impute any missing data. Where possible we will conduct analyses

on an intention-to-treat basis. Implications of missing data will be

considered in the ’Discussion’ section of the review.

Assessment of heterogeneity

We will assess heterogeneity qualitatively to decide whether the

included studies are similar enough, in terms of populations and

interventions, for pooling of data to give meaningful conclusions.

We will combine in meta-analyses those deemed sufficiently ho-

mogenous and for which sufficient data are available.

Where meta-analyses are performed statistical heterogeneity will

be examined by visual inspection of the scatter of effect estimates

in the forest plots and using the I2 statistic (Higgins 2011), after

using the inverse variance method. This statistic gives the percent-

age of the variability in effect estimates that can be attributed to

heterogeneity rather than chance (Deeks 2008). A value of greater

than 50% will be considered to be substantial heterogeneity

If substantial clinical, methodological or statistical heterogeneity is

found we will not perform meta-analyses and will instead present

a narrative synthesis.

Assessment of reporting biases

Reporting bias will be assessed qualitatively based on the charac-

teristics of included studies (e.g. if we identify mostly small stud-

ies with positive findings we will have a high degree of suspicion)

and through contacting the study authors (e.g. if their responses

suggest relevant unpublished studies we will have a high degree of

suspicion). If at least 10 RCTs are found we will also assess report-

ing bias using a funnel plot regression weighed by the inverse of

the pooled variance.

Data synthesis

Data will be reported using Review Manager. Extracted data will

be entered into tables grouped by study design and type of inter-

vention to create a descriptive synthesis. The results of individual

RCTs and cRCTs will be reported as mean differences for con-

tinuous variables and odds ratios for dichotomous variables with

95% confidence intervals.

If included studies are sufficiently homogenous in terms of pop-

ulation, inclusion criteria, interventions and outcomes, we will

consider meta-analysis of data relating to students’ knowledge

and skills. The decision as to whether meta-analysis is performed

will be made by consensus of all review authors. The choice of

model would depend on the heterogeneity (assessed as described in

Assessment of heterogeneity) of the studies included in the meta-

analysis. We will conduct the analysis according to the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

We expect that if meta-analysis is feasible, we will use a random-ef-

fects model, which provides a more conservative estimate of effect

and can be used where there is moderate heterogeneity. If studies

are deemed too heterogeneous. we will present a narrative synthesis

of findings, with effect sizes calculated for outcomes where there

are sufficient data. When possible an assessment will be made of

the quality, size of effect observed and statistical significance of

studies.

Using Miller’s classification of clinical competence (Miller 1990)

the different types of tests for students’ knowledge and skills will

be grouped and analysed together. For example, multiple choice

questions assessing knowledge (i.e. knows) will be analysed to-

gether, and essay questions assessing competence (i.e. knows how)
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will be analysed together. The focus will therefore be on the testing

method rather than the delivery method (i.e. if skills were assessed

by a knowledge test it would be categorised as knowledge).

Where studies report more than one measure for each outcome, the

primary measure as defined by the primary study authors will be

used in the analysis. Where no primary measure has been reported,

a mean value of all the measures for the outcome will be calculated

and used in the analysis.

For students’ professional attitudes, the different types of assess-

ment will be grouped and analysed as cognitive attitudes, be-

havioural attitudes or affective attitudes as described by Martin

2002. Students’ satisfaction will include the satisfaction and at-

titudes towards the learning intervention to which they were ex-

posed. Students’ professional attitudes and satisfaction will only be

assessed narratively, as preliminary work conducted by the Global

eHealth Unit (George 2014; Rasmussen 2014; WHO 2015) sug-

gests that there is a high level of heterogeneity in the operational

definition of these outcomes across different studies.

Blended and non-blended learning interventions will be analysed

separately. We will use intention to treat data in all meta-analyses.

Subgroup analysis and investigation of heterogeneity

We anticipate that the following subgroup analyses are likely to be

appropriate; those which:

• compare low-, middle- and high-income countries;

• compare pre- and post-registration interventions;

• compare the different qualifications listed in the Health

Field of Education and Training (091) of the International

Standard Classification of Education (ISCED-F) included in this

review, i.e. dental studies, medicine, nursing and midwifery,

medical diagnostic and treatment technology, therapy and

rehabilitation, and pharmacy (IUS 2013);

• compare one-off interventions to repeated interventions;

• compare interventions provided on difference devices (e.g.

personal computer, tablet, mobile phone);

• compare quartiles of adherence/time spent on the

intervention. We will recalculate and present the measure of

adherence/time spent on the intervention as a percentage to

account for the difference in intervention duration between

studies.

We acknowledge that there are many other subgroup analyses that

could be performed, for example, comparing interventions accord-

ing to learning objectives and interactivity of interventions. People

conducting future reviews after completion of our series of initial

reviews are in the best position to do so because such comparisons

would be most meaningful from the perspective of an educator if

multiple methods of eLearning were to be compared.

Sensitivity analysis

Sensitivity analyses will be considered to explore the impact of the

’Risk of bias’ dimensions on the review outcomes. Studies deemed

to be at high risk of bias after examination will be removed from

meta-analyses. We will evaluate the effect of removal on pooled

effect size, based on the following factors:

• high risk of bias studies (as specified above);

• small studies;

• sources of funding, divided into the following categories:

industry sponsorship (solely industry funded); mixed

sponsorship (public and industry funded, including free

provision of study material only); non-industry sponsorship

(solely public funded and no free provision of material); or not

described/unclear;

• time lapse between end of intervention and first post-test

(quartiles).

’Summary of findings’ table

We intend to prepare a ‘Summary of findings’ table to present the

meta-analysis results, based on the methods described in chapter

11 of the Cochrane Handbook for Systematic Reviews of interventions
(Schünemann 2011). We will present the results of meta-analyses

for the major comparisons of the review, for each of the major pri-

mary outcomes as well as potential adverse effects, as defined in the

Types of outcome measures section. We will provide a source and

rationale for each assumed risk cited in the table(s). Two authors

will use the GRADE criteria to rank the quality of the evidence

using the GRADEprofiler (GRADEpro) software (Schünemann

2011). If meta-analysis is not feasible, we will present results in a

narrative ‘Summary of findings’ table format, such as that used by

Chan 2011 (CCCRG 2014).

A C K N O W L E D G E M E N T S

We thank the Cochrane Tobacco Addiction Group, in particular

Dr Nicola Lindson-Hawley (Managing Editor), Ms Lindsay Stead

and Ms Monaz Mehta for their support and guidance, as well as the

UK Cochrane Centre for their workshops in Oxford. We would

also like to thank Mr Carl Gornitzki, Ms GunBrit Knutssön and

Mr Klas Moberg from the University Library, Karolinska Insti-

tutet, Sweden, for developing the search strategy. We gratefully ac-

knowledge funding from the Lee Kong Chian School of Medicine,

Singapore, Nanyang Technological University, Singapore, eLearn-

ing for health professionals education grant.

9Serious Gaming and Gamification interventions for health professional education (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



R E F E R E N C E S

Additional references

Abt 1970

Abt C. Serious Games. New York: Viking Compass, 1970.

Akl 2010

Akl EA, Pretorius RW, Erdley WS, Sackett K, Bhoopathi PS,

Alfarah Z, et al. Educational games for medical students: a

systematic review: BEME Guide No 14. Medical Teacher
2010 Jan;32(1):16–27.

Akl 2013

Akl EA, Kairouz VF, Sackett KM, Erdley WS, Mustafa

RA, Fiander M, et al. Educational games for health

professionals. Cochrane Database of Systematic Reviews 2013,

Issue 3. [DOI: 10.1002/14651858.CD006411.pub3]

Allery 2004

Allery LA. Educational games and structured experiences.

Medical Teacher 2004;26(6):504–5.

Alvarez 2012

Alvarez J, Djaouti D. Serious Games: An Introduction

[Introduction Au Serious Games]. Questions Théoriques,

Limoges, France. Available from: http://ja.games.free.fr/

Introduction_au_Serious_Game.pdf 2012.

Alvarez 2015

Alvarez J. From Videogame to Serious Game: the concept

of Serious diverting and Serious Modding. GameDev Days,

Tallinn, Estonia. 8–9 April 2015.

Angarita 2005

Angarita M, Bernal R, Ortiz E, Pinzón B, Esguerra A.

Edugaming PCs and QUICKPDA e-books: a new model

for surpassing fragmentation in mobile learning on e-

health. Mobile Technology: The Future of Learning in

your Hands. Available from: http://www.mlearn.org/

mlearn2005/book%20of%20abstracts.html, 2005.

Bhoopathi 2006

Bhoopathi PS, Sheoran R. Educational games for

mental health professionals. Cochrane Database of

Systematic Reviews 2006, Issue 2. [DOI: 10.1002/

14651858.CD001471.pub2]

Boreham 1989

Boreham N, Foster R, Mawer G. The phenytoin game: its

effect on decision skills. Simulation & Games 1989;20(3):

292–9.

Breuer 2010

Breuer J, Bente G. Why so serious? On the relation of

serious games and learning. Eludamos. Journal for Computer
Game Culture 2010;4(1):7–24.

CCCRG 2014

Cochrane Consumers and Communication Review Group.

Standard Protocol Text and Additional Guidance for Review

Authors. Available from: http://cccrg.cochrane.org 2014

2014.

Chan 2011

Chan RJ, Webster J, Marquart L. Information interventions

for orienting patients and their carers to cancer care facilities.

Cochrane Database of Systematic Reviews 2011, Issue 12.

[DOI: 10.1002/14651858.CD008273.pub2]

Chen 2010

Chen LC. Striking the right balance: health workforce

retention in remote and rural areas. Bulletin of the World

Health Organization. 2010;88:323.

Childs 2005

Childs S, Blenkinsopp E, Hall A, Walton G. Effective e-

learning for health professionals and students - barriers

and their solutions. A systematic review of the literature

- findings from the HeXL project. Health Information &

Libraries Journal 2005;22:20–32.

Cook 2010

Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ,

Montori VM. Instructional design variations in internet-

based learning for health professions education: a systematic

review and meta-analysis. Academic Medicine 2010;85(5):

909–22.

Crisp 2008

Crisp N, Gawanas B, Sharp I, Task Force for Scaling Up

Education and Training for Health Workers. Training the

health workforce: scaling up, saving lives. Lancet 2008;371

(9613):689–91.

Deeks 2008

Deeks JJ, Higgins JPT, Altman DG (editors). Chapter 9:

Analysing data and undertaking meta-analyses. In: Higgins

JPT, Green S (editors). Cochrane Handbook for Systematic

Reviews of Interventions Version 5.0.0 (updated February

2008). The Cochrane Collaboration, 2008.

Deterding 2011a

Deterding S, Dixon D, Khaled R, Nacke L. Gamification:

toward a definition. The ACM CHI Conference on Human

Factors in Computing Systems. 2011:12–15.

Deterding 2011b

Deterding S. Meaningful Play. Getting Gamification Right.

Google Tech Talk. Mountain View, CA. Available from:

http://www.slideshare.net/dings/meaningful-play-getting-

gamification-right, 2011.

Djaouti 2011

Djaouti D, Alvarez J, Jessel JP. Classifying Serious Games:

the G/P/S model. In: Felicia P editor(s). Handbook of

Research on Improving Learning and Motivation through
Educational Games: Multidisciplinary Approaches. Available

from: http://www.ludoscience.com/files/ressources/

classifying_serious_games.pdf: IGI Global, 2011.

Dorman 2009

Dorman K, Satterthwaite L, Howard A, Woodrow S,

Derbew M, Reznick R, et al. Addressing the severe shortage

of health care providers in Ethiopia: bench model teaching

of technical skills. Medical Education 2009;43(7):621–7.

Enochsson 2004

Enochsson L, Isaksson B, Tour R, Kjellin A, Hedman L,

Wredmark T, et al. Visuospatial skills and computer game

10Serious Gaming and Gamification interventions for health professional education (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



experience influence the performance of virtual endoscopy.

Journal of Gastrointestinal Surgery 2004;8:874–80.

EPOC 2002

Cochrane Effective Practice and Organisation of Care

Group. Data Collection Checklist. Available from: http:/

/epoc.cochrane.org/sites/epoc.cochrane.org/files/uploads/

datacollectionchecklist.pdf 2002.

Feng 2013

Feng J-Y, Chang Y-T, Chang H-Y, Scott Erdley W, Lin C-

H, Chang Y-J. Systematic review of effectiveness of situated

E-learning on medical and nursing education. Worldviews

on Evidence-Based Nursing 2013;10(3):174–83.

Fitzgerald 1997

Fitzgerald K. Instructional methods: Selection, use, and

evaluation. In: Bastable S editor(s). Nurse as Educator:
Principles of Teaching and Learning. Sudbury, MA: Jones

and Bartlett, 1997:261–86.

Frenk 2010

Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N, Evans T,

et al. Health professionals for a new century: transforming

education to strengthen health systems in an interdependent

world. Lancet 2010;376(9756):1923–58.

Garris 2002

Garris R, Ahlers R, Driskell JE. Games, motivation, and

learning: a research and practice model. Simulation and
Gaming 2002;33(4):441–67.

George 2014

George PP, Papachristou N, Belisario JM, Wang W, Wark

PA, Cotic Z, et al. Online eLearning for undergraduates

in health professions: a systematic review of the impact

on knowledge, skills, attitudes and satisfaction. Journal of

Global Health 2014 Jun;4(1):010406.

Higgins 2011

Higgins J, Green S. Cochrane Handbook for Systematic

Reviews of Intervensions Version 5.1.0 [updated March

2011]. The Cochrane Collaboration 2011; Vol. Available

from www.cochrane–handbook.org.

IUS 2013

UNESCO Institute for Statistics. International Standard

Classification of Education: Fields of Education and

Training. Available from: http://www.uis.unesco.org/

Education/Documents/isced-fields-of-education-training-

2013.pdf. Montreal: UNESCO Institute for Statistics,

2013.

Knowles 1970

Knowles MS. The modern practice of adult education;

andragogy versus pedagogy. The Modern Practice of Adult

Education; Andragogy versus Pedagogy. New York, NY:

Associated Press, 1970.

Kolb 1984

Kolb DA. Experiential Learning: experience as the source of

learning and development. New Jersey: Prentice-Hall, 1984.

Koster 2004

Koster R. A Theory of Fun for Game Design. Arizona:

Paraglyph Press, 2004.

Kuehn 2007

Kuehn BM. Global shortage of health workers, brain drain

stress developing countries. JAMA 2007;298(16):1853–5.

Lahti 2014

Lahti M, Hatonen H, Valimaki M. Impact of e-learning

on nurses’ and student nurses knowledge, skills, and

satisfaction: a systematic review and meta-analysis.

International Journal of Nursing Studies 2014;51(1):136–49.

Lopez 2006

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray

CJL. Measuring the global burden of disease and risk

factors, 1990-2001. In: Lopez AD editor(s). Global Burden

of Disease and Risk Factors. World Bank Publications, 2006:

475.

Martin 2002

Martin J, Lloyd M, Singh S. Professional attitudes: can

they be taught and assessed in medical education?. Clinical

Medicine 2002;2:217–23.

Mayer 2012

Mayer I. Towards a comprehensive methodology for the

research and evaluation of serious games. Procedia Computer

Science 2012;15:233–47.

Miller 1990

Miller GE. The assessment of clinical skills/competence/

performance. Academic Medicine 1990;65(9):S63–7.

Petit dit Dariel 2013

Petit dit Dariel OJ, Raby T, Ravaut F, Rotham-Tondeur

M. Developing the Serious Games potential in nursing

education. Nurse Education Today 2013 Dec;33(12):

1569–75.

Prensky 2003

Prensky M. Digital game-based learning. ACM Computers
in Entertainment 2003;1(1):1–5.

Rasmussen 2014

Rasmussen K, Belisario JM, Wark PA, Molina JA, Loong

SL, Cotic Z, et al. Offline eLearning for undergraduates

in health professions: a systematic review of the impact

of knowledge, skills, attitudes and satisfaction. Journal of

Global Health 2014 Jun;4(1):010405.

Ritterfeld 2006

Ritterfeld U, Weber R. Video games for entertainment and

education. In: Vorderer P, Bryant J editor(s). Playing Video

Games. Motives, Responses and Consequences. Mahwah, NJ:

Lawrence Erlbaum Associates, 2006:399–413.

Rowe 2012

Rowe M, Frantz J, Bozalek V. The role of blended learning

in the clinical education of healthcare students: A systematic

review. Medical Teacher 2012;34(4):e216–e211.

Ruiz 2006

Ruiz JG, Mintzer MJ, Issenberg S. Learning objects in

medical education. Medical Teacher 2006 Nov;28(7):

599–605.

Sangrà 2012

Sangrà A, Vlachopoulos D, Cabrera N. Building an

inclusive definition of e-learning: an approach to the

11Serious Gaming and Gamification interventions for health professional education (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



conceptual framework. International Review of Research in

Open and Distance Learning 2012;13(2):145–59.

Sawyer 2003

Sawyer B. Serious games: improving public policy through

game-based learning and simulation. Woodrow Wilson

International Center for Scholars 2003.

Sawyer 2008

Sawyer B, Smith P. Serious Game Taxonomy. Paper

presented at the Serious Game Summit. San Francisco,

USA, 2008.

Schünemann 2011

Schünemann HJ, Oxman AD, Higgins JPT, Vist GE,

Glasziou P, Guyatt GH. Chapter 11: Presenting results

and ‘Summary of findings’ tables. In: Higgins JPT, Green

S editor(s). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0. Available from www.cochrane-

handbook.org: The Cochrane Collaboration, 2011.

Sen 2000

Sen K, Bonita R. Global health status: two steps forward,

one step back. Lancet 2000;356(9229):577–82.

Susi 2007

Susi T, Johannesson M, Backlund P. Serious Games - An

Overview. Technical Report HS-IKI-TR-01-001 2007;

Vol. School of Humanities and Informatics, University of

Skovde, Sweden.

Vogel 2002

Vogel M, Wood D. Love or hate it? medical students’

attitudes to computer-assisted learning. Medical Education

2002;36(3):214–21.

WHO 2011

World Health Organisation. Transformative scale up of

health professional education: an effort to increase the

numbers of health professionals and to strengthen their

impact on population health. Available from: http://

apps.who.int/iris/bitstream/10665/70573/1/WHO_HSS_

HRH_HEP2011.01_eng.pdf March 2011:20.

WHO 2013

World Health Organisation. Global health workforce

shortage to reach 12.9 million in coming decades. http:

//www.who.int/mediacentre/news/releases/2013/health-

workforce-shortage/en/ November 2013.

WHO 2014

World Health Organisation. Health Transition. Glossary

of trade, foreign policy, diplomacy and health terms 2014;

Vol. http://www.who.int/trade/glossary/story050/en/.

WHO 2015

World Health Organisation. eLearning for undergraduate

health professional education: a systematic review

informing a radical transformation of health workforce

development. Technical Report. Available from: http:/

/whoeducationguidelines.org/sites/default/files/uploads/

eLearning–healthprof–report.pdf, 2015.

World Bank 2012

World Bank. Information and communications for

development: maximising mobile. World Bank.

Washington, DC, 2012.

Wortley 2013

Wortley D. Gamification - Concepts and Applications.

Available from: http://www.slideshare.net/dwortley/

dropbox-file 2013.
∗ Indicates the major publication for the study

A P P E N D I C E S

Appendix 1. MEDLINE (Ovid) search strategy

1. exp education, professional/ not education, veterinary/

2. Education, Predental/

3. Education, Premedical/

4. exp Students, Health Occupations/

5. ((medic* or premedic* or dent* or laborator* or predent* or midwi?e* or nurs* or nutrition* or orthop* or podiat* or pharmac* or

psycholog* or psychiatr* or health or healthcare or occupational therap* or physiotherap* or physical therap* or clinical or surg* or

radiolog* or obstetric* or gyn?ecolog* or orthodont* or An?esthesi* or Dermatolog* or Oncolog* or Rheumatolog* or Neurolog* or

Patholog* or P?ediatric* or Cardiolog* or Urolog*) adj3 (student* or graduate* or undergraduate* or staff or personnel or practitioner*

or clerk* or fellow* or internship* or residen* or educat* or train* or novice* or tutor*)).tw,kf.

6. or/1-5

7. Computer-Assisted Instruction/

8. exp Internet/

12Serious Gaming and Gamification interventions for health professional education (Protocol)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



9. Computer Simulation/

10. Patient Simulation/

11. software/

12. Mobile Applications/

13. User-Computer Interface/

14. Video Games/

15. Web Browser/

16. Education, Distance/

17. Computers/

18. exp Microcomputers/

19. exp Cell Phones/

20. Games, Experimental/

21. exp Models, Anatomic/

22. Audiovisual Aids/

23. Educational Technology/

24. Electronic Mail/

25. exp Telemedicine/

26. Telenursing/

27. Telecommunications/

28. Webcasts/

29. exp Videoconferencing/

30. ((computer* or digital* or hybrid or blended or mixed mode or distance or remote* or electronic or mobile or online* or interactiv*

or multimedia or internet or web* or virtual* or game* or gaming or Videogame* or Videogaming) adj3 (classroom* or course* or

educat* or instruct* or learn* or lecture* or simulat* or train* or teach* or tutor* or platform*)).tw,kf.

31. (Simulat* adj3 (course* or educat* or instruct* or learn* or train* or teach* or platform* or high-fidelity)).tw,kf.

32. e-learn*.tw,kf.

33. elearn*.tw,kf.

34. m-learn*.tw,kf.

35. mlearn*.tw,kf.

36. smartphone*.tw,kf.

37. smart-phone*.tw,kf.

38. ((mobile or cell) adj2 phone*).tw,kf.

39. iphone*.tw,kf.

40. android*.tw,kf.

41. ipad*.tw,kf.

42. Personal digital assistant*.tw,kf.

43. handheld computer*.tw,kf.

44. Mobile App?.tw,kf.

45. Mobile Application?.tw,kf.

46. webcast*.tw,kf.

47. webinar*.tw,kf.

48. flipped classroom*.tw,kf.

49. Serious game*.tw,kf.

50. Serious gaming.tw,kf.

51. Patient Simulat*.tw,kf.

52. Virtual patient*.tw,kf.

53. ((educat* or instruct* or learn* or simulat* or train* or teach* or interactiv*) adj2 technolog*).tw,kf.

54. Massive Open Online Course?.tw,kf.

55. Mooc?.tw,kf.

56. (Canvas network or Coursera or Coursesites or edx or Futurelearn or iversity or miriada x or moodle or novoed or openlearning or

open2study or plato or spoc or udacity or pingpong).tw,kf.

57. or/7-56

58. 6 and 57
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59. Education.fs.

60. Education/

61. Teaching/

62. Learning/

63. exp Inservice Training/

64. Curriculum/

65. educat*.tw,kf.

66. learn*.tw,kf.

67. train*.tw,kf.

68. instruct*.tw,kf.

69. teach*.tw,kf.

70. or/59-69

71. Health Personnel/

72. exp Allied Health Personnel/

73. Anatomists/

74. “Coroners and Medical Examiners”/

75. exp Dental Staff/

76. exp Dentists/

77. Health Educators/

78. Infection Control Practitioners/

79. Medical Laboratory Personnel/

80. exp Medical Staff/

81. exp Nurses/

82. exp Nursing Staff/

83. Personnel, Hospital/

84. Pharmacists/

85. exp Physicians/

86. Physician*.tw,kf.

87. Doctor*.tw,kf.

88. Nurs*.tw,kf.

89. Surg*.tw,kf.

90. Health Personnel.tw,kf.

91. healthcare professional*.tw,kf.

92. radiolog*.tw,kf.

93. dentist*.tw,kf.

94. Pharmacist*.tw,kf.

95. Hospital Administrator*.tw,kf.

96. Podiatr*.tw,kf.

97. Psycholog*.tw,kf.

98. Psychiatr*.tw,kf.

99. An?esthesi*.tw,kf.

100. Clinician*.tw,kf.

101. Dermatolog*.tw,kf.

102. General practioner*.tw,kf.

103. Cardiolog*.tw,kf.

104. Oncolog*.tw,kf.

105. Rheumatolog*.tw,kf.

106. Neurolog*.tw,kf.

107. Patholog*.tw,kf.

108. P?ediatric*.tw,kf.

109. Physiotherap*.tw,kf.

110. Physical therap*.tw,kf.

111. Occupational therap*.tw,kf.
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112. dieti?ian*.tw,kf.

113. Dietetic*.tw,kf.

114. midwi?e*.tw,kf.

115. nutrition*.tw,kf.

116. orthopti*.tw,kf.

117. obstetric*.tw,kf.

118. gyn?ecolog*.tw,kf.

119. orthodont*.tw,kf.

120. Urolog*.tw,kf.

121. or/71-120

122. Health Occupations/

123. exp Allied Health Occupations/

124. Biomedical Engineering/

125. Chiropractic/

126. exp Dentistry/

127. exp Evidence-Based Practice/

128. exp Medicine/

129. exp Nursing/

130. Dietetics/

131. Optometry/

132. Orthoptics/

133. exp Pharmacology/

134. exp Pharmacy/

135. Podiatry/

136. Psychology, Medical/

137. Serology/

138. Specialization/

139. exp Surgical Procedures, Operative/

140. exp Radiography/

141. or/122-140

142. 121 or 141

143. 57 and 70 and 142

144. Psychomotor Performance/

145. motor skills/

146. ((psychomotor or procedural or technical) adj3 skill*).tw,kf.

147. (psychomotor adj3 performance).tw,kf.

148. or/144-147

149. 6 and 148

150. 58 or 143 or 149

151. limit 150 to yr=“1990 -Current”
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