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General Introduction and Thesis Outline

Rise of the games
On the fourth of July 2002, the United States Army launched America’s Army, a massive
multiplayer online videogame simulating combat experiences. It was designed originally
as “strategic communication platform” for the army to reach out to American youngsters.
The game was played for over 40 million hours by 2.4 million registered users between
July 2002 and November 20031. Because the game encompassed realistic simulations of
army training, field commanders soon started to use it as training and selection tool for
recruiting new soldiers2. This example perfectly illustrates the impact that well-designed
serious games can have on society. Serious games can be defined as the application of
(digital) games to impose users skills, knowledge or attitudes useful in reality3. In games,
players are motivated by challenge, narrative, rules and competition to actively display
a particular behaviour. That games are able to trigger a player’s intrinsic motivation is
of particular use to medicine, has been illustrated by Re-mission (HopeLab, Palo Alto,
CA, 2006), a freely available online videogame for teenage leukaemia patients, in which
they travel the blood vessels to destroy malignant cells. A randomized controlled trial
shows an increase in self-determination and drug adherence in patients playing the
videogame, whereas these individuals are usually exceptionally difficult to motivate to
adhere to medical treatment regimens4.

Homo ludens
Using games to enhance skills acquisition is not a new phenomenon. Czar Peter the Great
was known to build simulation armies to try out different military scenarios and strategies5. In the 90s, educational videogames were introduced in high school – edutainment
programs –, unfortunately with little success. As the videogame industry developed into
a multibillion-dollar industry and computer technology became powerful enough to
create complex simulations, the possibilities for creating useful and purposeful serious
games have increased. User groups have changed dramatically too. The common perception of average gamers being overweight anti-social teenage boys spending their
days in their parents’ basement killing off monsters is long overdue. The average gamer
to date is 30 years old, 68% of all gamers are above 18 years old and about 47% of them
is female. About 77% of gamers play at least one hour a week, and 36% play games on
their smart phone6.
In The Netherlands, serious games are seen as an interesting growth market. The Dutch
game industry is one of the largest in Europe, equalling England and France in scale (330
companies with approximately 3000 employees)7. In serious gaming, The Netherlands is
one of the biggest markets on a global scale (70 companies)8. For approximately 54% of
the consumers recently surveyed by PriceWaterhouseCoopers in the Netherlands, video
games are part of their everyday life9. To explore serious games for healthcare purposes,
11
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Dutch government funding agency Agentschap NL funded the Patient Safety project
(project ‘Patientveiligheid’, reference PID 101060). This spearheaded development of
three serious games aimed to improve patient safety: Airway Angels (Grendel Games
inc., Leeuwarden), Medialis (Little Chicken, inc., Amsterdam) and the Situation Awareness Game (Weirdbeard, Amsterdam).

Games: learning through challenge and fun
The Flow
In well-designed games, the gameplay captivates the player. It keeps a player motivated
and engaged throughout the game and ideally, longing for more after he or she has
quit playing. Gameplay comprises of the interaction between the player and a series
of challenges imposed by the game, following specific rules. Games thereby seek to
create a positive experience and effect in players. Games are most effective when the
player enters a state of flow10.In this state of mind, players get completely absorbed in
the challenges presented to them, ignoring all surroundings and focus solely on playing.
Flow results from an optimal balance between the game’s challenges and the player’s
abilities, illustrated by Csiksentmihalyi’s flow channel (Figure 1)11. Factors important for
generating flow experience within the gameplay are clearly defined goals, immediate
and appropriate feedback, playfulness, usability and speed. Above all, players must
sense that the challenges in the game match their abilities10. Flow results in increased
learning, exploratory behaviour, positive attitudes towards the subject and a sense of
behavioural control10,12,13.

Level of Challenge

High

Flow Channel
Anxiety

Boredom

Low

Level of skills

Figure 1. The flow channel for optimum experience in goal-driven activities11.
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Fidelity
Games are ideal for problem-based learning, as long as gameplay and educational
goals are sufficiently balanced10,14. Individuals learn from experiences through abstract
conceptualization and formation of hypotheses, subsequently refining these in later
experiences15. Once challenges, rules and actions in the gameplay sufficiently cohere
with real-life situations, transfer of skills to reality can occur10. This is referred to as
fidelity of the game. In the past, a lot of effort has been put in creating simulations
that bare high physical fidelity to reality (i.e. degree to which the physical appearance
replicates the real task), however it has become clear that functional fidelity is most
important to skills transfer (i.e. degree to which the game replicates specific cues
on which decisions in reality are based)16,17. As long as problem-solving in the game
follows the same rules as in real life, contexts and graphical appearance in the serious game are secondary to the learning result, and can be adjusted to optimize the
player’s immersion and flow.
Although game-based learning could theoretically be highly effective to train specific
medical skills, evidence concerning the effectiveness of game-based training remains
limited. Akl18 performed an extensive systematic review of the medical literature,
describing just two randomized controlled trials applying game-based learning. The
game-based learning intervention in both cases showed significant improvement in
terms of knowledge outcome compared to the control groups18. Before serious games
can be reliably applied in medical training, extensive research is required on the validity
of serious games as instrument for education and measurement. Customary to all novel
instructional instruments in medical training, validity research ultimately determines
the instrument’s ability to improve skills in reality19–21.

Games in surgical curricula: seriously?
Competency
Patient safety and quality of care movements, backed by the public, healthcare insurance institutions and the government, demand for a safer, more transparent healthcare
system based on the principle of accountability. Only professionals that have proven
competent should perform specific procedures on patients. To achieve competency in
one specific procedure, trainees must become proficient in skills relevant to this activity.
These skills do not only include the ‘technical’ dexterity skills, but also cognitive skills,
procedural knowledge, judgment, decision-making, leadership, communication and
teamwork22. The competency-based curricula that have recently been implemented
in surgical residency training distinguish seven different roles that the surgical professional must master within his or her activities. These roles are based on the CanMEDS
13
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Level of skills
acquisition

Description

Novice

Follows rules for specific situations. These rules are not conditional.

Advanced Beginner

Begins to create and identify conditional rules. Decisions still follow rules.

Competent

Learns organizing principles. Information sorting by relevance is initiated.

Proficient

Used pattern recognition to assess what to do. Uses rules to determine how to do this.

Expert

No analysis or planning. Pattern recognition extends to plan as well as action.

Table 1. Dreyfus’ model for levels of skills acquisition. A finishing general surgery resident requires at least
the level of competence in essential procedures29.

framework23: medical expert, collaborator, communicator, manager, health advocate,
scholar and professional24.
Dreyfus et al.25 describe a pragmatic model for stages of skills acquisition, distinguishing novice, advanced beginner, competent, proficient, and expert stages (Table 1)25.
Novices require conscious processing to execute a procedure, leading to slow execution, unnecessary actions and susceptibility to error. Novices follow strictly rule-based
decision paths. Experts perform it seemingly effortless, intuitive and fast, and are far less
susceptible to errors and mental strain26. They make superior decisions, are able to respond to emerging task demands and perform at any moment with little preparation27.

Skills training outside the operating room
Achieving an expert level in complex tasks requires prolonged deliberate practice. This
is more than mere repetition, which in itself leads to arrested development over time.
In deliberate practice, trainees require a well-defined goal, motivation to improve,
feedback and ample opportunities to repeat and refine their performance28. Surgical
postgraduate curricula aim to create professionals who are competent, preferably proficient in essential surgical procedures, within approximately 1200 hours of operation
time. Even though including the time performing non-essential procedures approximately doubles this number, it can be considered rather little29,30. Simulation and serious
gaming could play a significant role in training and assessing performance in individual
procedures or activities, limiting the number of ‘flying hours’ required inside the surgical
theatre29,31. Ideally, objective measurement of skills and progress within simulators and
serious games could lead to a system of accreditation and awarded responsibility. From
this perspective, serious games and simulators should not be regarded as two different
entities, but rather as two extremities from the same continuum of virtual reality-based
training.
Virtual reality (VR) simulators have been evaluated extensively for use of surgical training and skills measurement32. Originally developed for visuospatial skills training and
dexterity for minimally invasive surgery (MIS), VR simulators are able to produce standardized, reproducible virtual surgical procedures. Their range encompasses basic task
14
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exercises (e.g. knot-tying or artery clipping) to complete MIS procedures with distinct
patient scenarios33. Surgical residents training on VR simulators work more efficient and
with fewer errors than residents trained with non-VR training34–36. Simulators are able
to give high fidelity procedural training, measure skills progression and deliver direct
feedback to the trainee37. They are thus effective stand-alone training instruments and
are incorporated in the residency training curricula of many Western countries, including The Netherlands38,39.

Integrating VR in competency-based training
Apart from basic laparoscopic dexterity training, VR simulation has not been widely
incorporated into surgical curricula40. Necessary financial investments and lack of
manpower form practical impediments in many hospitals. Next, the lack of structured,
proficiency-based training curricula hinders the integration of simulation in the competency-based surgical training curriculum40,41. VR simulators do not focus on training
cognitive, procedural and social skills, creating a discrepancy with the end-terms of the
curriculum. Finally, VR simulators are frequently not seen as very motivating teaching
instruments by the trainees themselves. Observational studies show that simulators are
simply not used by surgical trainees when they are not included as an obligatory part of
the curriculum42,43.
In order to make virtual reality the ‘standard’ in competency-based surgical residency
training curricula, these challenges have to be met41. Applications with a greater focus
on cognitive, procedural and communicational skills should be explored. Applications
should become more challenging and immersive in order to motivate the trainees to
keep practicing outside the OR. Design and technology derived from videogames could
very well assist the development of comprehensive VR-enhanced procedural training33,44. The broad range of possibilities in videogame design makes training in cognitive, procedural and communicational skills come within reach. Finally, the main focus
in gameplay is to attract the player to continue playing the game. Well-balanced serious
games could therefore bridge the gap between VR training and the competency-based
surgical residency curriculum.

Outline of this thesis
The aim of this thesis is two-fold. The first aim is to investigate the validity of serious
games as training instruments for the surgical curricula. The second aim was to explore
new VR-based training solutions that have a greater focus on cognitive, procedural and
communicational skills.

15
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Chapter 1 provides an overview of serious games currently developed or under development, relating to training medical professionals. Chapter 2 provides an overview
of the professional activities in the surgical curriculum that have the highest priority
according to educators.
The first part investigates the possibility to improve surgical trainees’ situational awareness in the operating room using serious games. Chapter 3 provides an overview of
the literature regarding teaching methods that showed to be of value in improving
situational awaweness.
Chapter 4 describes the face validity among educators and trainees regarding serious
game development for training of non-routine events, aimed to improve situational
awareness. Chapter 5 describes its ability to discriminate between different levels of
proficiency (construct validity). Chapter 6 describes its ability to predict improvement
of trainees’ performance in the operation room (predictive validity).
The second part investigates new perspectives for the use of virtual reality training to
support skills training in surgery. Chapter 7 evaluates the validity of a serious game,
aimed at teaching knowledge and decision-making of surgical trainees before starting
to operate. Chapter 8 discusses the application of simulation training to increase the
level of proficiency with camera navigation in MIS for novice surgical trainees. Chapter 9
discusses the construction of a comprehensive, VR-based curriculum for laparoscopic
colorectal surgery.
The Synthesis discusses the practical implementation of the serious games and VR simulators described in this thesis. Chapter 10 provides a practical framework for clinicians
and educators to evaluate the effectiveness of a serious game. The General Discussion
provides perspectives of the construction of a new proficiency-based training curriculum for surgery, in which advancements of VR- and game-based learning instruments
are integrated.

16
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Abstract
Background: The application of digital games as training modality for medical professionals is on the rise. These so-called serious games form training tools that provide a
challenging simulated environment, ideal for future surgical training. Ultimately, serious
games are directed at reducing medical error and subsequent healthcare costs. This
systematic review aims to give an overview of current serious games for training medical
professionals and scrutinize validity testing.
Methods: PubMed, Embase, The Cochrane Database of Systematic Reviews, PsychInfo
and CINAHL were searched for available studies up until April 2012. Studies were selected on predefined inclusion criteria. The primary endpoint was achievement of steps
in a formal validation process, according to current standards of validation.
Results: A total of 25 articles were found relevant, describing a total of 30 serious games.
The games were divided into two categories, either developed for educational purposes
(n=17) or games associated with but not specifically developed for improvement of skills
relevant to medical personnel (n=13). Six serious games were identified that underwent
a process of validation. Of these six games, three games were developed for team
training in critical care and triage; and three games were commercially available games
applied to train laparoscopic psychomotor skills. None of the serious games completed
a full validation process for the purpose of use.
Conclusions: Blended and interactive learning by means of serious games may be applied to train both technical and non-technical skills relevant to the surgical field. Games
developed or used to train medical professionals need validation before integration into
surgical teaching curricula.
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Introduction
Patient safety concerns call upon the need to train medical personnel in simulated
settings to reduce cost and patient morbidity. Technological innovations, such as virtual reality simulation and e-learning applications show consistent improvement on
learning outcomes, and already play a role in surgical residency training programs1–3.
A potent concept for medical education is interactive learning through ‘serious games’.
A serious game is formally defined as “interactive computer application, with or without
significant hardware component, that has a challenging goal, is fun to play and engaging, incorporates some scoring mechanism, and supplies the user with skills, knowledge
or attitudes useful in reality4.” Serious games are designed with primary objectives other
than entertainment and therefore clearly differ from conventional videogames. They
can be played on platforms such as personal computers, smartphones or videogame
consoles and can apply multimodal interactive content in any virtual environment. They
present an ideal playground to engage players in simulated complex decision making
processes like those required in medical training5.
Serious games form a balanced combination between challenge and learning. Playing the game must excite the user, while assuring that the primary goal (i.e. acquiring
knowledge or skills) is reached seemingly effortlessly, thus creating a ‘stealth mode’
of learning5;6. Players are challenged to keep on playing to reach the game-objective.
This corresponds well to Ericsson’s theory of deliberate practice: as players are not
naturally ‘good’ at a game, intentional repetitive training makes a player become an
expert7. Games hold clear advantages over conventional learning methods due to their
competitive elements, entertainment aspects and feedback mechanisms8;9.
To date, many medical professionals may still have a rather outdated view on the average ‘gamer’, as being someone who is too young to vote, afraid of daylight and killing
mystical dwarves in games like World of Warcraft (Blizzard Entertainment, Versailles,
France) in their parents’ basement. Contrary to this view, adults are avid users of digital
devices, and playing videogames is in fact an important part of their lifestyle. The average videogame-player is 37 years old and has been playing games for over twelve
years10. Forty-two percent of all game-players are women and women over 18 years old
represent a significantly greater share of the game-playing population (37 percent) than
boys ages seventeen or younger (13 percent)10;11.
Although game-based learning is becoming a new form of education throughout
healthcare, scientific research on its effectiveness is rather limited. Ideally, training
instruments measure certain parameters, ‘game-metrics’, to assess the trainees’ performance. If training and testing of health care professionals such as surgical trainees is to
be carried out in digital game-based environments, strict requirements should be met.
Use of these games and interpretation of underlying game-metrics must be reliable,
23
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valid and cause-specific. Thorough, scientific research on validity testing is mandatory,
before serious games may be applied to surgical training curricula in a valid manner.
The aim of this review is to identify the value of serious games for training professionals in the medical and, in particular, the surgical field. The first objective is to assess the
background of serious games for the purpose of training professionals in medicine and
their usability in surgical postgraduate training. The second objective is to assess the
validity of serious games as a teaching method according to criteria regarded as best
evidence.

Methods
Search criteria
A systematic search was performed on peer-reviewed literature on serious games used
to educate professionals in medicine. Serious games were defined as digital games
for computers, game consoles (such as PlayStation®, Sony, Tokyo, Japan; Nintendo®,
Nintendo, Kyoto, Japan), smartphones or other electronic devices; directed at or associated with improvement of competence of professionals in medicine. Professionals in
medicine were defined as individuals responsible for patient care (doctors, nurses, physiotherapists, paramedics etc.) in institutionalized settings. Serious gaming, e-learning
and virtual reality simulation tend to overlap and strict subdivision frequently proves to
be difficult6. This search focused on game-based learning programs, excluding papers
on virtual reality (VR) simulation and E-learning to the best of our ability.

Study selection and assessment of serious games
PubMed, Embase, The Cochrane Database of Systematic Reviews, PsychInfo and the
Cumulative Index to Nursing and Allied Health Literature (CINAHL; all from January 1995
to April 2012) were searched for key terms (serious gam* OR videogame* OR video gam*
OR gaming) AND (medical education OR educat* OR training). The last search date of the
databases was on April 12th, 2012. Additionally, reference lists of relevant articles were
searched. In the CINAHL database, the limitation of ‘peer reviewed articles’ was added.
Only completed trials were regarded as relevant. No reports were excluded based on
language.
The titles and abstracts of all reports were screened for the previously mentioned
search criteria. All articles deemed ‘relevant’, ‘dubious’ or ‘unknown’ were examined in
full text. Data on serious games was extracted from all papers, including name, type,
platform, purpose, target population and the presence of validation studies. If necessary, additional information was sought on the publisher’s website or through correspondence with the authors.
24
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Review of validation studies
Studies designed to validate serious games were assessed for achievement of steps in
the validation process, according to criteria regarded as best evidence (Table 1)12;13. The
predominant question to be addressed by validity testing is whether the instrument
measures what it is intended to measure12. Content must be reviewed by experts on the
subject. The instrument’s face validity must be valued by both novice trainees and experts to gain acceptance. The parameters by which performance is objectified should be
scrutinized for their representation of the skills they are intended to measure (construct
validity). After these measurements are performed, the instrument should be compared
to current methods of teaching in order to assess alignment in outcome or unexpected
deviations (concurrent validity). The transfer of skills acquired on the instrument to
performance in reality (predictive validity) is the final step in the validation process.
Data on validation studies was extracted in accordance to the Cochrane Handbook
for Systematic Reviews of Interventions and concerned methodological aspects (study
design, intention to treat, randomisation, concealment of allocation, blinding, follow-up,
other possible bias), details on the serious game (mentioned in previous section), study
population, details on intervention, primary and secondary endpoints, instruments,
timing, results of measurements performed and funding14. Quality of randomized
controlled trials was systematically assessed using The Cochrane Collaboration’s Tool for
Validity
Type

Description

Criteria for achievement

Content
Validity

The degree to which a game content
adequately covers the dimensions of the
medical construct it aims to educate (or is
associated with).

Uniform and positive evaluation of game content
and associated testing parameters by expert
medical specialist panel.

Face validity

Degree of resemblance between medical
constructs featured in gameplay and in
reality, as assessed by novices (trainees)
and experts (referents).

Uniform and positive evaluation of the game as a
valuable learning environment amongst novice
and expert medical specialists.

Construct
validity

Inherent difference in outcome of experts
and novices on gameplay outcome
parameters

Outcome differences considered to be of
significance between players being of different
medical specialist level-of-skill.

Concurrent
validity

Concordance of study results using a
concept instrument (e.g. game) and study
results on an established instrument or
method, believed to measure the same
medical theoretical construct.

Outcome parameters show correlation considered
to be significant between game and an alternative,
established training method.

Predictive
validity

The degree of concordance of a concept
instrument (e.g. game) outcome and
task performance in reality, based on a
validated scoring system.

Metrics show correlation considered to be
significant between outcome parameters of a
game and performance results on the medical
construct featured in the game in real life after
performers are being trained using the game.

Table 1. Matrix of validity types for games relevant in educating medical professionals.
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Assessing Risk of Bias, resulting in either low risk (LR) or high risk (HR) for bias14. Observational studies were assessed with the Methodological index for non-randomized studies
(MINORS). This validated instrument grades studies on a weighted 12 item-scale, with a
maximum score of 16 for non-comparative studies and 24 for comparative studies15. The
achievement of steps in the validation process based on data extracted from the articles
was judged by two reviewers that were not involved in the study articles (MG and MS). In
case of disagreement between both reviewers, a third reviewer was consulted.

Results
The systematic search rendered 1151 articles. Figure 1 demonstrates the search and
screening strategy used for the articles. A total of 25 articles were found relevant, describing a total of 30 serious games. These 30 games were divided into two categories:
Category 1, which consists of serious games specifically developed for educational
purposes (n = 17) and Category 2, which consisted of commercially available games
associated with (but not specifically developed for) improvement of skills relevant to

Figure 1. Search strategy on serious games educating medical professionals -graphical representation.
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medical personnel (n = 13). Due to heterogeneity of study designs and serious games,
pooling of data was not performed.

Serious games designed for an educational purpose.
Nineteen articles discuss seventeen serious games specifically designed to train professionals in medicine (Category 1). The majority is highly relevant to surgical trainees. Table
2 presents an overview of these games. Pulse! (Breakaway Ltd., Hunt Valley, MD, USA),
3DiTeams (Duke University, Durham, NC, USA), Clinispace (CliniSpace, Los Altos Hills,
CA, USA) and its predecessor Virtual ED (Stanford University, Stanford, CA, USA) were
developed as platforms for training critical care, e.g. advanced trauma life support16–18.
These platforms provide possibilities for team training. Burn Center (360 ED, Inc. Orlando,
FL, USA) is used to train treatment of burn injuries in an accredited multidisciplinary
course19. The Off-Pump Coronary Artery Bypass (OPCAB) game and the Total Knee Arthroplasty game (University of Ontario Institute of Technology, Toronto, Canada), have been
developed to train decision steps in a virtual operating room20;21. Other topics include
triage and basic life support. Two augmented reality environments were developed, in
which virtual reality is projected over a real environment by either wall-projection (Cave
Automated Virtual Environment (CAVE), Electronic Visualization Laboratory, University
of Illinois, Chicago, IL, USA22) or via head-mounted display (Project Touch23, Center for
Telehealth, Univ. of New Mexico Albuquerque, NM, USA).
Ten of these serious games have multiplayer functions, useful for team training and
seven of these ten games were specifically designed for this purpose16–18;24;25. Methods
for measuring performance vary: articles on three games, i.e. Pulse, OPCAB and Total
Knee Arthroplasty, describe an intrinsic scoring system based on the accurate or inaccurate choices made by the trainee16;20;21, whereas other games rely on external assessors
to judge performance17;18;22;24.
Eight serious games underwent steps in validity testing18;21;22;24;26–30, results of which
are added in Table 3. Virtual ED was evaluated in a randomized controlled trial, in which
30 novices were randomly assigned to manage six patient cases in either Virtual ED or
human patient simulators18. Team leadership performance was assessed by three assessors in one pre-test and one post-test case on a standardized scale. Results showed
similar skills improvement for both groups, thus proving concurrent validity. Medical
content was designed by an independent institution24.
Virtual ED II (Stanford University, Stanford, CA, USA) was tested on face validity by
means of a questionnaire on its usability among 22 physicians and nurses with an average of 4 years of experience29. A majority felt immersed in the virtual world, felt the
game improved their confidence and believed the cases were useful in learning clinical
skill management, proving face validity.
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Game-based
simulation

Game-based
simulation

Game-based
simulation

Game-based
simulation

Game-based
simulation

Clinispace 17

HumanSim 25

Pulse 16

Virtual ED 18

Virtual ED II 24

Game-based
simulation

Total knee arthroplasty
game 21

Immersive
Learning
Environment

Game-based
simulation

CAVE Triage training 22

Code Orange 54

Triage

Game-based
simulation

Off-pump Coronary Artery
Bypass Surgery game 20

Virtual Operating Room

Game-based
simulation

Game type

3DiTeams 16

Acute and critical care

Serious Game
(N=17)

Computer

Projected

Computer

Computer

Computer

Computer

Computer

Computer

Computer

Computer

Platform

Yes

Yes

Multi-player

Triage and organisation in mass
casualty incidents

Triage training

Training operation steps for total knee
arthroplasty procedure

Training operation steps for OPCAB
procedure

Team Training: Acute care, triage
in mass casualty events involving
hazardous materials.

Team training: Acute and critical care

Acute care and critical care.

Yes

No

No

Yes

Yes

Yes

Yes

Platform for scenario-based education, Yes
e.g. team training in acute care, critical
care.

Team training in acute and critical
care.

Team training in acute and critical
care.

Purpose

Physicians, nurses

Physicians

Surgical trainees

Surgical trainees

ER physicians, ER nurses

Physicians, nurses

Physicians.

Physicians; nurses;
emergency medical
personnel,
students

Physicians, nurses

Physicians, nurses

Target groups

No

No

No

No

No

No

No

No

No

No

Implemented in
clinical practice

Chapter 1

Game-based
simulation

Game-based
simulation

Game-based
simulation

Nuclear Event Triage
Challenge 26

Peninsula City 24

Triage Trainer 30

Game-based
simulation

Immersive
Learning
Environment

Game-based
simulation

OLIVE Cardiopulmonary
Resuscitation 17

Project Touch 23

Radiation Hazards
Assessment Challenge 26
Computer

Projected

Computer

Computer

Computer

Computer

Computer

Platform

No

No

No

Yes

No

Multi-player

Assess radiation hazard after nuclear
event

No

Platform for scenario-based education, Yes
e.g. team training in acute care, critical
care.

Training basic life support

(1) Triage and (2) resuscitation of burn
patients

Triage in mass casualty incidents

Team Training: triage in mass casualty
events, hazardous materials

Triage in nuclear events.

Purpose

No

No

Physicians, nurses, students

Physicians, nurses,
emergency medical
personnel

No

Multimodal
training course

No

No

No

Implemented in
clinical practice

Medical personnel (not
specified)

Physicians, nurses

First responders

physicians, nurses

First responders

Target groups

Table 2. Overview of serious games specifically developed for educational purpose (Category 1), ranked according to purpose.
Abbreviations: CAVE = Cave Automated Virtual Environment; OPCAB = Off-Pump Coronary Artery Bypass;

Game-based
simulation

Burn Center 19

Other purpose

Game type

Serious Game
(N=17)
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29

30

RCT

RCT

Cohort study

Cohort study

Triage Trainer 30

CAVE triage 22

Nuclear Event Triage
Challenge 26

Radiation Hazards
Assessment Challenge 26
10/24 (MINORS)

10/24 (MINORS)

HR (Cochrane tool)

HR (Cochrane tool)

LR (Cochrane tool)

9/16 (MINORS)

6/16 (MINORS)

8/16 (MINORS)

Methodological Quality

Score improvement for both groups
(posttest; p < 0.05), no difference
between groups

Questionnaire: Easy to use, intuitive,
stimulating

Questionnaire: Increase self-efficacy,
concentration, no increase mental
strain

Questionnaire: Favourable results on
immersion, confidence, usefulness,
content.

Results

Effect size control group larger than
CAVE group on knowledge (pre-/
posttest design)

Serious game (N=40) vs. Results favourable for intervention
control (N=43)
group (p < 0.01). *

Serious game (N=40) vs. Results favourable for intervention
control (N=43)
group (p < 0.01). *

CAVE (N=7); control
(N=8)

Serious Game (N=44) vs. Increased triage tagging- and step
control (N=47)
accuracy by intervention group
(p < 0.05)

Serious Game (N = 16)
vs. control (N=14)

Novices (N=14)

Novices (N=12)

Novice and experts
(N=22)

Groups (N)

-

-

-

Concurrent

Concurrent

-

-

Face

Validity step
achieved

Table 3. Studies on validity testing of serious games specifically developed for educational purpose (Category 1), ranked according to steps in validation process tested
and achieved.
Abbreviations: HR = High risk for bias; LR = Low risk for bias; MINORS = Methodological index for non-randomized studies; RCT = Randomized Controlled Trial;

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

RCT

Face

Virtual ED 18

Cohort study

OLIVE Cardiopulmonary
resuscitation 27

Face

Face

Cohort Study

Virtual ED II 29

Validity steps
tested

Total Knee Arthroplasty 21 Cross-sectional
Study

Study type

Serious Game
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Triage Trainer (Blitz Games Studios, Ltd. Leamington Spa, UK) was compared to a conventional card-sort exercise in a non-randomized controlled trial among 91 doctors, nurses and
paramedics30. Raters found a significant increase in triage accuracy for the Triage Trainer
group in post-test cases, compared to the control group, proving concurrent validity.
Triage training on the CAVE system was evaluated among 15 residents, who were
randomly assigned to triage 14 cases in either CAVE or on human patient simulators.
Concurrent validity was not proven as the control group performed significantly better
on the posttest22.
Nuclear Event Triage Challenge and Radiation Hazards Assessment Challenge (HST division, Harvard Medical School, Boston, MA, USA) were evaluated in one study26. The author
failed to describe the results in detail, so criteria for concurrent validity were not met.
The Total Knee Arthroplasty game was tested for usability among 14 orthopaedic residents but criteria for face validity were not met21. The effect of cardiopulmonary resuscitation training on the On-Line Interactive Virtual Environment (Science Applications
International Corporation, McLean, VA, USA) system was evaluated among 12 medical
students for increase in self-efficacy but the study design did not correspond to formal
validity testing27.
Steps in the validation process and face validity have been made for Triage Trainer30,
Virtual ED18 (concurrent validity) and Virtual ED II29 (face validity) but these steps have yet
to result into a completed formal validation process.

Commercially available games associated with training skills.
Six studies assessed thirteen commercially available games that were associated with
(but not specifically designed for) training laparoscopic psychomotor skills (Category
2). Table 4 provides an overview of these games. They included sports games, action
games, adventure games and shooting games on different platforms. Every game had
an intrinsic scoring system. Performance in these games was compared to performance
on different instruments for training laparoscopic psychomotor skills to test their concurrent validity. An overview of the results is provided in Table 5 31–36.
The study by Rosser et al 34 showed a clear association between performance in three
videogames (i.e. Silent scope (Konami, Tokyo, Japan), Star Wars Racer Revenge (LucasArts,
San Francisco, CA, USA) and Super Monkey Ball 2 (Sega Corporation, Tokyo, Japan)) and
laparoscopic handling speed and errors made in laparoscopic box trainer exercises, thus
proving concurrent validity. Studies by Badurdeen et al 31 and Rosenberg et al 33 show
clear correlations between laparoscopic handling speed and videogame performance
in five games (Amped 2, Top Spin (Microsoft, Redmond, Washington, USA ); Charge, Pose
Mii, Shooting Range (Nintendo Co. Ltd. Kyoto, Japan)), compared to an animal model and
a laparoscopic box trainer. This correlation only partially resembles concurrent validity,
as movement proficiency was not significantly correlated.
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Serious
Game
(N=13)

Type

Amped 2 33

Platform

Purpose of
training

Snowboard snowboard off a
game
mountain

Xbox

Laparoscopic Surgical
psychomotor trainees
skills

No

Charge 31

Racing
game

race a cow through a
track, topple scarecrows
to score points.

Wii

Laparoscopic Surgical
psychomotor trainees
skills

No

Chessmaster

Chess
game

game of chess

Computer Laparoscopic Surgical
psychomotor trainees
/ game
skills
console

No

Computer Laparoscopic Surgical
psychomotor trainees
/ game
skills
console

No

36

Half Life 36

Description

First person Fight your way out of
a secret underground
shooter
research facility
game

Target
group

Implemented
in clinical
practice

Marble Mania Action
32
game

Tilt the maze to rolls the
ball towards the goal

Wii

Laparoscopic Surgical
psychomotor trainees
skills

No

Pose Mii 31

Action
game

fit a figure into bubbles
appearing on the screen

Wii

Laparoscopic Surgical
psychomotor trainees
skills

No

Project
Gotham
Racing 2 33

Racing
game

race a car through track

XBox

Laparoscopic Surgical
psychomotor trainees
skills

No

XBox

Laparoscopic Surgical
psychomotor trainees
skills

No

Laparoscopic Surgical
psychomotor trainees
skills

No

Silent Scope 34 First person assume the role of a
shooter
sniper during terrorist
incident
Shooting
Range 31

First person shoot various targets that Wii
shooter
appear

Supermonkey
Ball 35

Action
game

guide 4 monkeys
encased in a transparent
ball toward goal

Game
Cube

Laparoscopic Surgical
psychomotor trainees
skills

No

Supermonkey
Ball 2 34

Action
game

guide 4 monkeys
encased in a transparent
ball toward goal

Game
Cube

Laparoscopic Surgical
psychomotor trainees
skills

No

race a Star Wars space
ship through a track

Playstation 2

Laparoscopic Surgical
psychomotor trainees
skills

No

Laparoscopic Surgical
psychomotor trainees
skills

No

Star Wars
Racing
Racer Revenge game
34

Top spin 33

Tennis
game

Beat opponent in a game XBox
of tennis

Table 4. Overview of commercially available games associated with training laparoscopic psychomotor
skills (Category 2).

Schlickum et al 36 randomized two groups of students to systematic videogame
training with Halflife (Valve Corporation, Bellevue WA, USA) and Chessmaster (Ubisoft
Entertainment, Inc., Montreuil, France). The Halflife group had significantly improved
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scores on a validated laparoscopy simulator and an endoscopy simulator and the Chessmaster group improved only on the endoscopy simulator. No clear correlation between
measured parameters was shown, so no concurrent validity was proven.
Studies on Marble Mania (Nintendo Co. Ltd., Kyoto, Japan) and Super Monkey Ball (Sega
Corporation, Tokyo, Japan) had insufficient design to draw conclusions on validity for
learning laparoscopic psychomotor skills32;35.

Discussion
Serious games form an innovative approach towards the education of medical professionals and surgical specialties are eager to apply them to various training purposes.
They have been adopted for various different goals, e.g. as adjunct to existing simulator
training or as a stand-alone method. Two forces play a driving role in the development
and introduction of serious games. First, game-developers do not want to ‘miss out’ on
the medical market and may be afraid that thorough validation studies will postpone
their novelty. Second, the market is eager to adopt serious gaming as it appears to be
more attractive than learning ‘the old fashioned way’. Marketing and commercial forces
may lead to haphazard introduction of educational instruments that are not scrutinized
for their content in itself, nor for their proper transfer-of-content. It is important for
game designers and educators to cooperate in designing and validating a serious game
for a specific educational problem or hiatus. Only then do they have solid grounds to
integrate the serious game as a teaching tool in surgical curricula12;13. Serious games
first undergo testing of the system’s reliability, to address if the same measurement tool
yields stable and consistent results when repeated over time. Subsequently, the application must undergo a validation process, preferably in the order described in Table 1.
Errors and deficiencies should be corrected when encountered. When the outcomes
of validity studies are unfavourable, the instrument cannot be seen as a valid teaching
instrument for a specific skill.
The search provided 17 serious games specifically designed for educational purpose
in medicine, of which several were of specific interest to surgical practice. Other games
were not directly linked to the surgical practice, but could be viewed as generally
interesting because of methods of education. Further research should define valid performance parameters and complete formal validation programs, before serious games
can be seen as full-fledged teaching instruments for professionals in the medical and
surgical field.
Although a serious game does not necessarily have to be developed for an educational
purpose to be an educational tool, these games cannot be seen as fully completed training tools. All games found in the search in this category were used to train laparoscopic
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Study type

Cohort study

Cohort study

Cohort study

RCT

Cross-sectional

Cross-sectional

Cross-sectional

RCT

RCT

RCT

Prospective,
Controlled trial

Serious Game

Super Monkey
Ball 2 34

34

Star Wars Racer
Revenge 34

Silent Scope 34

Amped 2 33

Charge 31

Pose Mii 31

Shooting Range 31

Top Spin 33

Chessmaster 36

Halflife 36

Marble Mania 32
Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Concurrent

Validity steps
tested

16/24 (MINORS)

LR (Cochrane tool)

LR (Cochrane tool)

HR (Cochrane tool)

10/16 (MINORS)

10/16 (MINORS)

10/16 (MINORS)

HR (Cochrane tool)

11/16 (MINORS)

11/16 (MINORS)

11/16 (MINORS)

Methodological
Quality

Game (N=14), vs. No
game (N=7)

Novices (N=15)

Novices (N=15)

Systematic Gameplay
(N=5)
No gameplay (N=6)

Serious Game (N = 20)

Serious Game (N = 20)

Serious Game (N = 20)

Systematic Gameplay
(N=5)
No gameplay (N=6)

Attendings (N=12),
Residents (N=22)

Attendings (N=12),
Residents (N=22)

Population (mixed
experience, N=32)

Groups (N)

Validity steps
achieved

Significant decrease time, errors, increase hand
movement efficiency (p < 0.05) on VR simulator
compared to control group

Significant improvement score on 2 VR simulators
(MIST-VR; p < 0.05) and GI-Mentor; p < 0.05).

Significant improvement score on 1 VR simulator
(GI-Mentor; p < 0.05).

No improvement score laparoscopic tasks after
systematic VG play.
Significant correlation baseline VG score, baseline
VG-score vs. time in laparoscopic tasks (animal
model, p < 0.05)

Correlation composite score on VG, score on lap
box trainer r = 0.77 (p < 0.01)

Correlation composite score on VG, score on lap
box trainer r = 0.78 (p < 0.01)

Correlation composite score on VG, score on lap
box trainer r = 0.63 (p < 0.01)

No score improvement in laparoscopic tasks after
systematic VG play.
Significant correlation baseline VG score, baseline
VG-score vs. time in laparoscopic tasks (animal
model, p < 0.05)

-

-

-

Partial concurrent
validity (time)

Partial Concurrent
validity (time)

Partial Concurrent
validity (time)

Partial Concurrent
validity (time)

Partial concurrent
validity (time)

Significant correlation baseline VG score, score lap Concurrent validity
box trainer (3 exercises: time, error; p = 0.003)

Significant correlation baseline VG score, score lap Concurrent validity
box trainer (3 exercises: time, error; p = 0.004)

Significant correlation baseline VG score, score lap Concurrent validity
box trainer (3 exercises: time, error; p < 0.001)
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RCT

Cohort Study

Project Gotham
Racing 2 33

Super Monkey
Ball 35
Concurrent

Concurrent

Validity steps
tested

7/16 (MINORS)

HR (Cochrane tool)

Methodological
Quality

Population (mixed
experience, N=30)

Systematic Gameplay
(N=5)
No gameplay (N=6)

Groups (N)

Validity steps
achieved
-

-

Results
No score improvement laparoscopic tasks after
systematic videogame play.
No significant skills improvement in laparoscopic
tasks (animal model)
Significant improvement of performance in pre-/
posttest
(4/8 measures in 3 tasks) on Lap box trainer after
10 min of videogame play (p < 0.05)

Table 5. Studies on validity testing of commercially available games associated with -but not specifically developed for- training medical skills (Category 2).
Abbreviations: HR = High risk for bias; LR = Low risk for bias; MINORS = Methodological index for non-randomized studies17; NFS = not further specified; RCT = Randomized
Controlled Trial; VG = videogame; VR = Virtual reality;

Study type

Serious Game
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psychomotor skills. Eight serious games showed a statistically significant correlation
with speed of handling in specific tasks on a box trainer or a live animal model31;33;34.
However, only three of these videogames improved movement proficiency of laparoscopic handling in a box trainer setup, which implied concurrent validity for teaching
of laparoscopic psychomotor skills34. Until researchers have completed a full validation
process for these games, they cannot be considered to be of true value in curricula for
surgical resident training that currently employ validated VR simulators or laparoscopic
box training and Objective Structured Assessment of Technical Skills (OSATS)37.
Schlickum et al 36 showed that the improvement of performance on laparoscopic
psychomotor abilities was not only accomplished by games that actually used the trainees’ visuospatial ability, but also by simple two-dimensional games that required only
cognitive and attention skills. Videogames have been shown to increase visuospatial
and attention skills38;39. Furthermore, visuospatial abilities and human visual working
memory were associated with laparoscopic handling performance40. The relationship
between visuospatial and cognitive skills, videogames, and laparoscopic psychomotor
skills is complex and therefore an interesting subject for future research. Optimizing the
game metrics of these games to suit a validation process may lead to novel methods
for teaching laparoscopic psychomotor skills. Challenging serious games for training
laparoscopic psychomotor skills could lead to solutions for the popularity problem of VR
simulators among surgical residents41;42.
Serious games allow multiple professionals to simultaneously train on one case (teamwork) and allow one professionals to train multiple cases simultaneously (‘multitasking’).
These non-technical skills are recognized as critical in reducing medical errors in dynamic
high risk environments, like the operating room or the emergency department43–45.
The current trend in healthcare to reduce error in clinical practice has led to recognition of team training in managing crisis situations, e.g. anaesthesia crisis resource management (ACRM)46;47 and emergency medicine crisis resource management (EMCRM)
and may also be of use to surgical residents48. Crisis resource management (CRM) is derived from aviation and focuses on nurses and physicians together in crisis situations49.
Serious games allow such training in a relatively cheap, readily available environment
with a large variety of cases, providing an alternative for expensive high-fidelity simulators16–18;25. Serious games also present training environments for disaster situations and
mass casualty incidents, including combat care19;22;24;26;29;30. Realistic virtual surroundings
in which sights, sounds and confusion are mimicked, provide a complete experience
and improved preparation22;30. Alongside the training of crisis management, serious
games can be used for training everyday clinical activities and skills for junior doctors,
e.g. decision-making abilities in surgical procedures or burn-patient care19–21.
Serious gaming as a way to prevent medical error will function optimally if games
are designed to fit into residency teaching programs50. Postgraduate education in most
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Western countries is based on competency-based training, in which assessment and
performance of the trainee is integrated. Competency frameworks like the CanMEDS
framework51 have been developed for this purpose. The more recent introduction of
Entrustable Professional Activities (EPAs), aimed at integrating these competencies in
everyday clinical activities, allows a true outcome-based approach to specialist training52. Simulation and serious gaming form ideal teaching methods to optimize knowledge and skill of residents before they are entrusted with procedures in real patients.
Educators and game designers should direct serious game at training these entrustable
professional activities to maximize their benefits for patient safety.
Initial development costs of serious games can be high, sometimes resulting in
multimillion dollar projects53. The expected revenue, in terms of better patient care and
prevention of error, provides a decisive argument for investing in the development altogether. Insurance companies can play an important role. When a basic game-structure
has been developed, it can function as platform for different institutions and departments to upload their content of choice16. This can lead to games becoming widely
usable training methods, keeping additional development costs relatively low.
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Abstract
Background: Serious games are potentially powerful tools for residency training and
increasingly attract attention from medical educators. At present, serious games have
little evidence-based relation with competency-based medical education, which impedes their incorporation into residency training programs. The aim of this study was to
identify highly valued entrustable professional activities (EPAs) to support designers in
the development of new, serious games built on a valid needs-assessment
Methods: All 149 licensed medical specialists from 7 specialties in one academic hospital participated in a 2-round Delphi survey, aimed at identifying the most valuable
EPAs in their respective curricula. Specialists were asked to name the most highly valued
EPA in their area. In the second round, their responses were ranked according to overall
priority.
Results: Sixty-two individual EPAs were identified as most valuable topics for training
in five specialties. Eleven EPAs, including ‘management of trauma patient’, ‘chest tube
placement’, ‘laparoscopic cholecystectomy’, ‘assessment of vital signs’, ‘airway management’, ‘induction of general anaesthesia, ‘assessment of suicidal patient’, ‘psychiatric
assessment’, ‘gastroscopy’, ‘colonoscopy’, and ‘resuscitation of emergency patient’ scored
consistently high.
Conclusions: Some high-priority EPAs are already targeted by technology-based
training solutions, whereas others are not. These results disclose new opportunities
in technology-enhanced training, in which serious or applied gaming promise to be a
powerful teaching modality.

44

Mapping the demand for Serious Games in Postgraduate Medical Education

Introduction
Motivation is an important drive for learning. Serious games, or applied games, are
virtual learning environments designed to activate, entertain and educate the player
at the same time. Serious games trigger players’ intrinsic motivation to engage with
the learning content, through competitive elements, playful interaction and direct
feedback mechanisms. They are therefore recognized as potentially powerful tools in
higher education.1–3 Whereas ‘simulations’ attempt to fully resemble the real action or
training scenario, ‘serious games’ use narratives and challenges to draw the player into
the scenario or action, making learning occur playfully and effortlessly.4;5 This leads to an
active and repetitive form of learning.6 A safe, game-based environment could therefore
be an ideal format for problem-based adult learning, provided content is relevant and
valid.4;7;8
Although serious games have been developed for the medical field, their value for
medical educational programs remains questionable. A recent systematic review
showed that of 30 serious games aimed at training medical professionals, none had
teaching goals or assessment strategies that match the existing medical curricula for
residents.2 This mismatch is not so surprising, as the educators have never expressed a
clear demand for medical games nor has this been disclosed to designers.
The aim of this study was to map priorities in medical educational curricula in order to
support game designers in developing targeted medical serious games. The primary research question focused on selecting the prime clinical activities to be mastered by residents before participating in clinical rotations – as perceived by the medical profession.

Methods
Study design
A single-centre proof-of-concept study was performed among seven major specialties
in an academic hospital in the Netherlands. A two-round Delphi9 survey was conducted
between July 1st, 2011 and January 31st, 2012 among all licensed medical specialists
from the participating specialties: Anaesthesiology, Emergency Medicine, Gastroenterology, General Surgery, Gynaecology, Psychiatry and Radiology. The education of
medical specialists in the Netherlands is based upon the CanMEDS competencies10. All
respondents received an electronic questionnaire (SurveyMonkey.com, LLC, Palo Alto,
CA). The participants could enter the questionnaire through the email only once. All
identifiers from the data were removed before interpretation and analysis. Approval by
the Institutional Ethics Committee was sought and not required for this study.
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Delphi survey
The participants were asked to identify one entrustable professional activity (EPA) that
they considered top-priority to their specialty’s residency training and to be mastered
by residents before participating in clinical rotations. This could be based on safety,
complexity of the activity, or other reasons. Entrustable professional activities (EPAs)
are clinical activities that may only be entrusted upon a sufficiently competent professional.11 EPAs are meant to connect competency frameworks to the workplace.12 This
distinguishes EPAs as practical activities from general competencies (such as the CanMEDS10 or ACGME13 competencies).
The EPAs were pooled according to specialty. Three independent reviewers (MG,
MS and JMS) excluded activities that did not meet the definition of EPA given to the
participants (“key activity in clinical practice that may only be entrusted to a competent
professional”).
The first Delphi round addressed demographic characteristics and the participant’s
experience with games. In the second Delphi round, each participant was asked to rank
specialty-specific EPAs according to their value to residents’ training (“Which EPA is most
valuable to the resident to ensure good and safe conduct in the patient care practice?”).
In order for a Delphi survey to be robust enough, literature reports a minimum acceptable response rate of 70% per round9. Therefore, the minimum required response rates
per round per specialty were 70%.
Anaesthe- General Gynae- Emergency Radiology Psychiatry Gastroensiology
surgery cology medicine
terology
Invited

46

20

21

7

24

15

16

Respondents R1

34

20

15

5

17

12

11

Respondents R2

24

17

9

4

8

9

9

Age (mean)
Gender
Experience with
videogames

46

48

48

40

46

47

49

M (%)

62

80

33

80

59

67

64

F (%)

38

20

67

20

41

33

36

Active (%)

24

35

20

60

35

42

9

Past (%)

47

40

33

0

29

20

55

None (%)

29

25

47

40

36

38

36

Table 1. Demographic characteristics per specialty
Counts depict n unless stated otherwise; Abbreviations: R1 = Round, R2 = Round 2

Statistical analysis
Data were collected and analysed using the Statistical Package for the Social Sciences
version 16.0 (SPSS, Chicago, Il, USA) and R version 2.13.1 (R, The R Foundation for Statistical Computing, Vienna, Austria). Confidence intervals of the ranks derived from the
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second Delphi stage were calculated using the Monte Carlo re-sampling (“bootstrapping”) method, as ranking distributions are complex to represent mathematically14.
Re-sampling was performed 5000 times to minimize re-sampling error.

Results
Participants
The first round questionnaire was sent to 149 medical specialists of 7 specialties. The
number of specialists per specialty varied between 46 (Anaesthesiology) and 7 (Emergency Medicine). An overview of the modified Delphi survey with response counts is
given (Table 1). The first round of the survey had a response rate of 76%, with a variation
of 69–100% between specialties. A total of 36 responses did not suffice to the definition
of an EPA used in the study (Table 2).15 Three examples are: “Multi-tasking” (considered
a general competency relevant to many EPAs), “laparoscopy” and “stressful situations”
(both were considered too unspecific and contain more than one individual EPA). A total
of 7 responses contained more than one EPA, whereas 16 EPAs were stated more than
once.
Anaesthe- General Gynae- Emergency Radiology Psychiatry Gastroensiology surgery cology medicine
terology
Responses R1

34

20

15

5

17

12

11

Responses excluded
Did not suffice to EPA definition

11

6

6

1

6

2

4

Split (to n)

2 (9)

2 (4)

0

0

0

2 (4)

1 (2)

Merged (to n)

19 (6)

5 (2)

5 (2)

2 (1)

2 (1)

6 (2)

5 (2)

Total EPAs (n)

17

13

8

3

10

8

5

EPAs formatted

Table 2. Flow of responses in the analysis.
Abbreviations: EPA = Entrustable Professional Activity, R1 = Round 1

Delphi survey
A total of 66 EPAs were indicated to have high priority to residency training within the
seven specialties (Appendix). The EPAs ‘management of trauma patients’, ‘cardiopulmonary resuscitation’ and ‘ultrasound-guided puncture’ were indicated by multiple
specialties (surgery, anaesthesiology, radiology, anaesthesiology, emergency medicine;
anaesthesiology, radiology, respectively). The EPA ‘diagnostic ultrasound’ was indicated
by both radiology and gynaecology, although it indicates two different clinical activities
for each specialty (general versus transvaginally, respectively).
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Figure 1. EPAs of five specialties ranked according to perceived educational value by respondents
1 = lowest rank, highest rank depends on number of EPAs ranked; figure depicts median, 95% confidence interval of means after Monte Carlo re-sampling. Abbreviations: ACLS = Advanced Cardiac Life Support, ATLS =
Advanced Trauma Life Support, ABCDE = Airway, Breathing, Circulation, Disability, Exposure principle, CV =
Central Venous, ERCP = Endoscopic Retrograde Cholangio-Pancreaticography, IV = Intravenous, LES = Lower
esophageal sphincter, US = ultrasound.

Figure 1 shows the results of the second Delphi round per participating specialty.
Forty-five EPAs were ranked according to the perceived importance to residency training per specialty. General Surgeons indicated ‘management of trauma patients’ (mean
median rank 11.0, 95% CI 9.0 to 12.0), ‘placement of chest tube’ and ‘laparoscopic cholecystectomy’ (both mean median rank 10.0, 95% CI 9.0 to 11.0) as most valuable out of
13 EPAs. Anaesthesiologists indicated ‘assessment of vital signs during surgery’ (mean
median 17.0, 95% CI 15.0 to 17.0), ‘airway management’ (mean median 15.0, 95% CI 15.0
to 16.5) and ‘induction of general anaesthesia’ (mean median 14.5, 95% CI 11.0 to 15.0)
as most valuable out of 17 EPAs. Psychiatrists indicated ‘assessment of suicidality’ (mean
median 8.0, 95% CI 6.0 to 8.0) and ‘psychiatric assessment’ (mean median 7.0, 95% CI
2.0 to 8.0) as most valuable out of eight EPAs. Gastroenterologists ranked ‘gastroscopy’
(mean median 4.0, 95% CI 1.0 to 5.0) and ‘colonoscopy’ (mean median 4.0, 95% CI 3.0
to 5.0) the highest out of five EPAs. Emergency physicians indicated ‘management of
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emergency patients (general) according to the ABCDE-principle’ (mean median rank 3.0)
unanimously as the most important EPA in their residency training program.
The results from the specialties Gynaecology and Radiology were excluded from the
analysis due to low response rates.

Discussion
Primary findings
Development of novel teaching methods for medical professionals should correspond
to the needs of professional educators and to the target group. This the first study assessing prioritized teaching objectives for serious games in residency teaching curricula,
using EPAs as a conceptual framework. Consensus was reached on the value of eleven
EPAs for gaming in the residency teaching curricula within five different specialties. The
survey indicated three EPAs to be important in different residency teaching curricula:
‘management of trauma patients’, ‘cardiopulmonary resuscitation’ and ‘US guided puncture’.

Innovations in medical education
Currently, a surge of game-based developments in medical education can be witnessed,
ranging between playful ‘gamey’ designs for e-learning to traditionally ‘realistic’ virtual
reality simulations. These projects have been initiated by single institutions16;17, the military18, and commercial parties.18 However, their value for medical educational programs
remains questionable.2 Anchoring serious games firmly in postgraduate medical curricula is important to prevent proliferation of technologies that do not comply to (inter-)
national medical educational standards. There is a delicate balance to be guarded in
good co-creation of games. Medical educators should safeguard contents whilst not
‘sitting on the chair’ of the game designers –in order to avoid ending up with mere
simulations that are not attractive enough to play in the end.19
As the industry has little understanding of medical education, direction from medical
educators is needed. This starts with an outline of the demand from the field. Medical
educators should indicate high-priority teaching subjects for game designers, outlining
the importance of what is to be taught.
This study provides an overview of highly valued EPAs within the specialties Anaesthesiology, Emergency Medicine, General Surgery, Gastro-enterology and Psychiatry.
The entrustable professional activity framework relates practical activities to CanMEDS
or ACGME competency frameworks in this context15.
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The EPAs prioritized in this study are not just applicable to serious games. Many EPAs
have been targeted by the full range of simulator types, from part-task trainers to mannequin-based simulation and virtual reality. It must be clearly stated that distinguishing
between serious games, game-based simulations and simulators is considered a grey
area, with considerable overlap.20 For example, the web-based virtual reality simulation
abcdeSIM17 provides a case-based course in acute care through simulated scenarios.17 On
the contrary, its use of player competition through leader boards is a gaming technique,
known to improve adherence to training.21 When developing new games and simulations, educators should determine how a user-centred mix of techniques could deliver
optimal learning outcome in each case specifically. The importance of user involvement
in the design process therefore cannot be stressed enough.
The impact of available serious games on learners’ performance is promising, although
the evidence is far from comprehensive yet.2;22 A systematic review on the validity of
serious games designed for education in medicine describes 30 serious games used to
educate or train medical professionals.2 Two serious games show concurrent validity in
experimental studies compared to conventional training methods. A second systematic
review explores the effectiveness of serious games and videogames for all medical and
non-medical purposes.22 Out of eleven experimental studies with a pre-test/post-test
design, three games show a positive learning effect, seven find no effect and one finds
a mixed effect.

Entrustable professional activities in competency-based residency training
Entrustable professional activities in residency training curricula relate residents’ general competencies (e.g. CanMEDS competencies10) to their performance in everyday
practice.23 A resident can be judged upon his or her performance by the level of entrustment (i.e. the level of supervision that is required for this learner), which may include
independency during the execution of the EPA.12 In this context, valid serious games and
simulations may enhance the residents’ level of entrustment without risking harming
patients.24 Only if a resident is judged objectively according to standards similar to the
residency-teaching curriculum, can he or she be granted a higher level of entrustment
for an EPA.
This study is the first to draw a relation between the EPA framework and serious
games. Previous studies have assessed EPAs to guide postgraduate curriculum development.25–28 Boyce et al.25 assessed which EPAs were seen as high-priority in the first year of
postgraduate Psychiatry training in Australia. Conducting a risk assessment for suicide
and aggressiveness received an equally high endorsement in this study (82% endorsement (n = 488 / 2736). Conducting psychiatric assessments was not described as EPA as
such, whereas other general EPAs were considered (e.g. acute assessment and management of psychiatric emergencies). Mulder et al.26, Shaugnessy et al.27 and Hauer et al.28
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assessed EPAs for curriculum development in Physicians Assistants, Family Medicine and
Internal Medicine training curricula. The definition of EPAs used in this study was less
strict than recommended when building a curriculum.29 For instance, competency levels
are defined per residency year.

Limitations
This study reports a single-centre proof-of-concept study and results apply to Dutch
medical teaching curricula. Every participating specialty employed medical specialists educated in different hospitals throughout the country. To confirm these results,
further studies should determine EPAs with high priorities from non-academic hospital
perspectives.
Medical educators are largely unfamiliar with games and related concepts. A direct inquiry for the demand for new developments among educators is therefore meaningless
and would contain selection bias, as only respondents familiar to the concepts would
be included. Prioritizing EPAs in educational curricula does provide more objective
information on where new developments are considered valuable.
The Delphi methodology is a recognized method to obtain consensus from respondents within one area of expertise.30 As low response rates are a major cause for bias in
Delphi surveys, strict minimum response rates were maintained in our analysis. Two specialties (Gynaecology and Radiology) were therefore excluded from the second round.

Conclusion
This study defines EPAs in five medical and surgical specialties, regarded as top-priority
by their educators. Designers should develop technology-enhanced training solutions
with high regard to validity of the educational content, starting with selecting toppriority subjects. Serious games provide a promising new direction in graduate medical
education for the active learner.
Acknowledgements: The authors wish to thank prof.dr. U.H.W. Beuers, prof.dr. M.J. Heineman, prof.dr.
D.A.J.P. Denys, dr. O.M. van Delden, dr. J.S.K. Luitse and dr. M.G.M. Scot (Academic Medical Center, Amsterdam, The Netherlands) for their support. The authors wish to thank dr. S. Siregar (Julius Center for Health
Sciences and Primary Care, University Medical Center Utrecht, Utrecht, The Netherlands) for contributing
to the analysis.
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Abstract
Background: Surgical errors result from faulty decision-making, misperceptions and
the application of suboptimal problem-solving strategies, just as often as they result
from technical failure. To date, surgical training curricula focus mainly on the acquisition
of technical skills. The aim of this review is to assess the validity of methods improving
situational awareness in the surgical theatre.
Methods: A search was conducted in PubMed, Embase, the Cochrane Library, and
Psychinfo using predefined inclusion criteria, up to June 2014. All study types were considered eligible. The primary endpoint was validity for improving situational awareness
in the surgical theatre at individual or team level.
Results: Nine articles were considered eligible. These evaluated surgical team crisis
training in simulated environments for minimally invasive surgery (MIS, n = 4) and open
surgery (n = 3), and training courses focused at training non-technical skills (n = 2). Two
studies showed that simulation-based surgical team crisis training has construct validity for assessing situational awareness in surgical trainees in MIS. None of the studies
showed effectiveness of surgical crisis training on situational awareness in open surgery,
whereas one study showed face validity of a two-day non-technical skills training course.
Conclusions: To improve safety in the operating room, more attention is needed on
situational awareness in surgical training. Simulation training is viewed as the mainstay
to improve situational awareness in the context of the surgical theatre. To date, few
structured curricula have been developed and validation research remains limited.
Strategies to improve situational awareness can be adopted from other industries.
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Introduction
Modern teaching curricula aim to produce competent professionals in educationally
efficient and safe environments1. It is commonly assumed that a high level of technical
skills predicts the ability of surgeons to perform safe surgery. Training technical skills
is therefore often seen as the most important strategy to reduce adverse events in
surgery2,3. Use of structured assessment scales has improved the objectivity of assessing
technical skills4,5. Furthermore, laparoscopic6 and endovascular7 virtual reality simulators have shown to be effective tools for teaching technical surgical skills.
To date, teaching curricula do little to incorporate cognitive factors. An omission, as errors in the surgical theatre are in fact more likely to result from perceptual or judgmental
errors, than from poor surgical technique8. Procedural outcome of supervised residents
is not associated with more complications than that of skilled surgeons9,10. Surgical errors are often caused by errors of judgement, carelessness11, incomplete understanding
of the situation11, failure of vigilance8 and misperceptions12. Impaired recognition during
surgery frequently results in errors, even though the surgeon’s technical skills are of high
standard11,13,14. From a psychological perspective, functioning in complex situations is
related to an individual’s perception of key elements in that situation, comprehension of
these key elements in the procedural context and the individual’s expectations towards
the future course of the procedure15. Failure of this situational awareness inevitably lead
to inaccurate decisions.
The surgeon’s situation assessment results from a multitude of information sources
within the modern surgical theatre. Our perception of reality is not always accurate
in such complex, continuously evolving situations. This is caused by cognitive, com-

Box 1
Misperceptions in dynamic environments
The surgeon’s perception of reality is not always accurate in complex, evolving situations. This is caused
by inherent information-processing limitations of the human mind under specific circumstances (e.g.
time pressure, conflicts of interest). Inattentional blindness refers to an individual’s failure to recognize
objects in the visual field. Our attention is limited and focuses mainly on objects of interest49, while
giving us the false impression that we are able to see everything in detail. Depending on where one’s attention is allocated, every individual thus perceives the same environment differently50. A recent study
shows that 83% of experienced radiologists fail to notice a picture of a gorilla placed over a computed
tomography of the chest, when asked to look for malignant nodules. The radiologists focus only on
what they have been told to look for and fail to recognize unexpected objects51. Secondly, change blindness refers to the failure of our brain to detect substantial changes in the visual field52. The short-term
visual memory tells us that a change has taken place and where, but cannot tell us what has changed53.
Therefore, the brain’s ability to perform a successful comparison and detect subtle changes is compromised. In practice, our ability to detect unexpected events and situational changes is limited, even if the
changes are of significance to the procedure itself.
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Individual Surgeon
Perceive signals
¥ Procedure (visual, haptic)
¥ Surroundings (vital stats,
equipment functioning)
Comprehend situation
¥ Evaluate situation
¥ Alter speed of procedure
Project to future
¥ Future decisions and risk
assessment

Team communication
¥ Speak out loud
¥ Read back information

Teamwork
¥ Mutual respect
¥ Trust
¥ Awareness of own fallibility

Clear Representation of
Surroundings
¥ Displays
¥ Alarms

Surgical Team
Shared awareness
¥ Procedure state
¥ Surroundings (vital stats,
equipment functioning)
Shared mental models
¥ Progress of procedure
¥ Risks and pitfalls
Shared Projection
¥ Future decisions and risk
assessment

Situational Awareness in the OR
Figure 1. Elements contributing to situational awareness in the operating room.

munication, teamwork and environmental factors (Figure 1). The human mind has
inherent information-processing limitations under specific circumstances, referred to
as inattentional blindness and change blindness (Box 1). Situational awareness can be
viewed as the product of an individual’s perception and comprehension of the available
information, and expectations towards the future course of the procedure15 (Figure 2).
Situational awareness is thought to occur both on individual and team level, both heavily relying on teamwork and communication16.
Failure to maintain SA inevitably leads to impaired judgements with potentially harmful outcome. Mishra et al. show a strong and independent correlation between surgeons’
situational awareness and their technical outcome in a series of 26 consecutive laparoscopic cholecystectomies17. When information is unavailable, incomplete, or falsely
interpreted, surgical errors are more likely to occur. Way et al. assessed 252 cases of bile
duct injury after cholecystectomies and concluded that the vast majority of bile duct
injuries stems from incomplete recognition of abnormal situations12.
Structured training and assessment of SA is currently lacking in surgical residency
training curricula13,18. This systematic review explores the opportunities to improve SA in
the context of the surgical theatre. The aim was to assess the validity of the interventions
described, according to the customary validation criteria19.
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Situation Awareness
Level 1: Perception of
situational elements

Level 2: Comprehension
of elements in situation

Environment

Level 3: Projection of their
meaning to future situation

Action

Decision

3
Blunt end:
-System organization
-Interfaces / displays
-Workload
-Experience (automation)

Figure 2. Endsley’s model of situational awareness in complex dynamic environments15.

Methods
Search and study selection
A systematic search was performed of peer-reviewed studies on methods to improve
or train situational awareness in the surgical theatre. The aim was to assess the effectiveness of the interventions in terms of validity criteria20. Methods should specifically
include the surgical team and/or the primary surgeon. Studies that included settings
other than the surgical theatre were excluded. All study types were considered eligible.
The search included Pubmed, Embase, The Cochrane Library and PsychInfo using the
terms “Situational awareness”, combined with “training”, “improvement”, “education”,
“surgery” and “operation” up to June, 2014. Hand search of references of relevant articles
was performed. No exclusion criteria were applied. All articles deemed relevant, dubious, or unknown were examined in full text.

Review
From relevant studies, data was extracted on study setting, methods for improving SA,
study design, outcome assessment, results and conclusions into an electronic database.
The predominant question in validity research is the extent to which the training method
improves what it intends to improve. Validity was assessed using previously described
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criteria21. Five main types are described in a validity process (content-, face-, construct-,
concurrent- and predictive validity).
Quality of relevant studies and risk for bias was assessed using the methodological
index for non-randomized studies (MINORS), a validated instrument assessing 12 items
(8 for non-comparative studies)22.

Results
The search identified 363 potentially relevant articles. Nine articles were found to be
relevant (Figure 3). Seven articles described crisis management training in simulated
operation rooms, two described a non-technical skills training course. None of the studies described interventions other than training methods. Eight articles23,25–31 describe
prospective cohorts studies and one a cross-sectional survey. None of the studies had a
randomized character. The studies were small (minimum 10, maximum 83 participants).
Systematic assessment of risk for bias delivered one study with low risk for bias, six with
moderate and 10 with high (Table 1). Pooling of data was not performed due to heterogeneity of the study designs, outcome measures and settings.
Potentially relevant records identified n = 363
Psychinfo n = 124
Pubmed n = 49
Embase n = 173
Cochrane Library n = 0
Search of references n = 17
Excluded (title/abstract screening)
Not relevant n = 256
Duplicates n = 76
Fulltext examination
n = 31

Appropriate articles included
n=9

RCTs included in meta-analysis*
n=0

Figure 3. Flow chart of the systematic search and inclusion.
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Excluded n = 22
Abstract only n = 6
No intervention n = 13
SA not measured n = 3
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Study

Design

Risk for bias

MINORS scale
(points / maximum)

Abdelshedid et al. (2013)23

Prospective cohort study

Medium

17/24

Flin et al. (2007)31

Cross-sectional survey

High

10/16

Gettman et al. (2009)

Prospective cohort study

High

15/24

McCulloch et al. (2009)30

Historical cohort study

Medium

20/24

27

Moorthy et al. (2005)

Prospective cohort study

Medium

18/24

Moorthy et al. (2006)28

Prospective cohort study

Low

21/24

Powers et al. (2008)24

Prospective cohort study

Medium

18/24

26

Powers et al. (2009)

Prospective cohort study

Medium

19/24

Undre et al. (2007)29

Prospective cohort study

Medium

11/16

25

Table 1. Strength of included studies.
Risk for bias was estimated using the Methodological index for non-randomized studies (MINORS).22
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Training situational awareness in MIS
Four studies describe crisis training for surgical teams in minimally invasive surgery
(MIS) [Table 2]. In a simulated surgical environment using high-fidelity simulators and
mannequins, critical events are simulated. Abdelshehid et al.23 performed a prospective
cohort study in which non-technical skills of nine urology residents were analysed and
stratified according to their experience. The senior resident group showed significantly
better situational awareness at individual level than the junior group, proving that the
training environment has adequate construct validity for assessing SA among trainees.
Powers et al.24 performed a prospective cohort study in which 10 surgeons were assessed in a similar setting. Experienced surgeons performed significantly better than
inexperienced trainees on SA at individual level, indicating the method’s construct validity for assessing SA in the surgical theatre. Studies by Gettman et al.25 and Powers et al.26
did not provide information on the validity of the training methods applied.

Training situational awareness in conventional surgery
Three studies describe crisis training for surgical teams using a model for a saphenofemoral junction tie procedure. Moorthy et al.27 compared non-technical performances
of junior, intermediate, and senior surgical trainees (n = 27) during one surgical bleeding
scenario. They found significant differences at individual level in leadership skills, but
not in SA. Moorthy et al.28 performed a second study in which they used the same model
to train and assess non-technical performances of junior and senior trainees (n = 20)
at individual level. In this study once more, no differences in non-technical skills were
found. The study by Undre et al.29 using the same training setting to train surgical teams’
non-technical skills at individual level, did not provide information on the validity of the
method applied for training SA.
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Participants

MIS teams (9 urology
residents, 7 anaesthesia
residents)

Surgeons (21 licensed
surgeons)

19 urology residents

Surgical teams (83 surgeons,
anaesthesiologists, OR
nurses)

27 surgical trainees

Study

Abdelshehid et al.
(2013)23

Flin et al. (2007)31
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Gettman et al.
(2009)25

McCulloch et al.
(2009)30

Moorthy et al.
(2005)27
Surgical team crisis
training in vascular
surgery teams in HF
simulator

Non-technical skills
course for surgical
teams hospital-wide
(lectures, videos),
including SA.

Surgical crisis training
for MIS teams in HF
simulator

Non-technical skills
course for surgeons
(lectures, videos),
including SA.

Prospective cohort study
– performance compared
at individual level between
junior, intermediate and
senior trainees on nontechnical skills

No significant difference in individual Construct validity for
SA; significant difference in leadership leadership training, no
construct validity for SA
(p = 0.008)
training at individual
level

Construct validity for
improving problemsolving and teamwork;
not for SA

Historical prospective cohort
study – team performance
compared pre-/post
intervention. Outcome
measured in OR setting (nontechnical skills and technical
performance)

No change in surgical team’s SA (9.0
→ 9.35), Significant improvement
in problem-solving, teamwork;
Significantly reduced amount of
procedural and technical errors
during lap cholecystectomies and
carotid endarteriectomies

Face validity for
improving nontechnical skills (incl. SA)
at individual level
Inadequate design for
conclusions on validity
for SA training at
individual level

Majority indicated course useful,
relevant and intended behavioural
change

Significant increase in 2/6 items
Prospective cohort study
related to individual SA (decision 3.1
– Pre-/ post-test. Nontechnical skills assessment on → 3.9, re-checking 3.4 → 4.1)
custom scale (5 pt. Likert, at
individual level)

Cross-sectional survey
– course evaluation on
attitudes, relevance and
usefulness

Conclusions
Construct validity for
training SA at individual
level

Results
Individual SA score among senior
urology residents was significantly
higher than junior residents (2/3
items: 3.8 - 3.9 vs. 2.9 - 3.1 (p 0.04 0.24).

Study design
Prospective cohort study –
Non-technical skills junior
and senior urology residents
compared during simulated
lap partial nephrectomy (at
individual level).

Intervention
Surgical crisis training
for MIS teams in HF
simulator
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20 surgical trainees

10 surgeons and surgical
trainees

12 surgeons

17 surgeons, 17
anaesthetists, 13 ODPs, and
18 nurses

Moorthy et al.
(2006)28

Powers et al.
(2008)24

Powers et al.
(2009)26

Undre et al. (2007)29
Surgical team crisis
training in vascular
surgery teams in HF
simulator

Surgical crisis training
for MIS surgeons in HF
simulator

Surgical crisis training
for MIS residents in HF
simulator

Surgical team crisis
training in vascular
surgery teams in HF
simulator

Intervention

Prospective cohort study
– performance compared
between experienced and
inexperienced trainees
on non-technical skills at
individual level

Prospective cohort study
– performance compared
between experienced and
“seasoned” surgeons on nontechnical skills at individual
level

Prospective cohort study
– performance compared
between experienced and
inexperienced trainees
on non-technical skills at
individual level

Construct validity for
SA training at individual
level

Inadequate design for
conclusions on validity
for SA training at
individual level

Inadequate design for
conclusions on validity
for SA training at
individual level

Significant difference in individual
SA between groups (experts 90% vs.
novices 50%, p < 0.05)

No significant differences in
individual’s non-technical skills (incl.
SA) between the groups

Surgical trainees scored lower on
individual SA than other groups (4.1
vs. anaesthetists 4.3; nurses 4.9; ODPs
4.3).

No significant differences in individual No construct validity
non-technical skills (incl. SA) between for SA training at
individual level
the groups

Prospective cohort study performance compared at
individual level between
junior and senior trainees on
non-technical skills

Conclusions

Results

Study design

Table 2. Summary of included studies.
SA = situational awareness; ODP = operating departmental practitioners; MIS = Minimally Invasive Surgery; OR = operating room

Participants

Study
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Non-technical skills training courses
Two studies described training courses for non-technical skills, using lectures, videos
and discussions. McCulloch et al.30 applied a hospital-wide non-technical skills program, in which 83 members of surgical teams were enrolled (surgeons, anaesthetists,
OR nurses). They evaluated non-technical performances at team level, technical and
procedural errors and complications after laparoscopic cholecystectomies and carotid
artery surgery before and after the 9-hour training course. They found a significantly
reduced amount of procedural and technical errors, predominantly in MIS. Although
teams scored significantly better in problem solving and teamwork skills afterwards, SA
did not change significantly. Authors did find a high independent correlation between
technical errors and surgical team SA ratings30.
Flin et al.31 describe a study in which they enrolled 21 licensed surgeons in a two-day
non-technical skills training course, which encompassed lectures on SA. The majority of
the surgeons rated the course to be useful and relevant to their everyday work. However,
specific outcome measures related to SA were not measured.
Not all articles described training strategies. Two articles32,33 described an intervention aimed at improving information displays in the operating room to create improved
shared awareness of the surgical team concerning the procedure. One study16 described
methods to improve distributed communication between cardiac surgeons and the OR
personnel. Because these articles did not describe a scientific evaluation study, they
could not be included in the analysis.

Discussion
Surgeons are ultimately responsible for the patient’s safety during the peri-operative
process, including possible technical errors as well as errors originating from the operating room environment. Whereas much attention in surgical residency programs is
focused on teaching technical skills, a major part in the surgeon’s experience is related
to decisions and judgments. Which, if inappropriate, threatens safety to a similar extent
as technical failure11,13,34. Surgical team crisis training shows to be an acceptable and
reliable method to assess trainees’ situational awareness in MIS. For training situational
awareness in open surgical procedures, no validated training methods were found. A
possible explanation could be that the simulated single-scenario crisis training in the respective studies, proved insufficient for adequate SA measurement or improvement27,28.
Correct situational assessment and subsequent handling is a key component for the
surgeon to manage a complex procedure successfully. The modern surgeon requires the
ability to filter relevant information in order to perceive situational deviations correctly
and correct errors timely. This is especially relevant to laparoscopic and natural orifice
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transluminal endoscopic surgery35,36 and it is therefore not surprising that most research
has been piloted in the MIS setting. Most misperceptions of anatomical landmarks,
equipment failure and physiological state of the patients occur when the mental workload is high. The increase in electronic systems, displays and operating room technology
has drastically enlarged the mental workload of the modern surgeon. It is difficult to
filter out the relevant signals timely from the ‘data-clutter’ whilst focusing on performing surgery. For surgical residents, gaining proficiency regarding situational awareness
currently occurs by gaining experience ‘on the job’. This ‘Halstedian’ approach should be
topic of debate to the same extent as with ‘technical’ skills training.
Training for non-routine events (abnormal anatomy, surgical crises and instrumentation problems) could be more effective in improving residents’ vigilance, task management and diagnostic reasoning18,38. Dedy and colleagues39 proposed a model for comprehensive simulation training for surgical residents that includes cognitive, technical
and non-technical skills training, before commencing surgery in the operating theatre.
Furthermore, serious games have also been suggested as promising methods for nontechnical skills training. Serious games are video game-based training environments
that do not require an extensive simulated operating theatre21.
This study shows that no SA-directed training methods have been fully validated
or implemented in surgical curricula. Most of the studies emphasize on situational
awareness improvement at an individual level. To enhance surgical crisis management
training, strategies from other industries could be of value40,41. Training effective task
management strategies42, dealing with non-routine events41,43, planning and preparation strategies44 and re-checking information on which a procedural strategy is based,
are considered effective ways to prevent or deal with inappropriate perceptions in
the airline industry41. Secondly, it has become clear that a surgical team’s situational
awareness emerges from coordination and communication processes in the surgical
team16,45. More emphasis on teamwork and communication styles should become part
of SA-directed training methods.
A different strategy to improve the surgical team’s situational awareness could be to
integrate information for all operation team members into one system with one visual
display. A ‘surgical radar’ could monitor all relevant data sources in the OR, straightening
out interfering information and warnings. Parush et al.32 describe the development of an
augmentative display for the cardiac surgery theatre, integrating patient information,
vital signs, procedure progress and main event taking place - all in one screen. This aims
to improve team SA and reduce communication breakdowns. ‘Wearable’ technology
using head-mounted displays (such as Google Glass™) could place this monitor directly
in the surgeon’s field of vision46. Although evidence on display design in operation
rooms remains scarce in terms of patient-related outcomes, shared displays of this sort
significantly reduce decision-making time in teams in aviation47.
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This study has several limitations. First, studies identified only included relatively small
study populations. The risk for bias was moderate to high in 8/9 studies. Therefore, the
strength of conclusions concerning the validity of the training methods proposed is
limited. Practical concerns play a part in small participant numbers, whereas high fidelity simulation ORs are costly in time and money. Additionally, situational awareness can
only be measured by structured rating scales and trained assessors, which introduces
risk for bias.
Situational awareness in the surgical theatre depends on many individual and teamrelated factors and should not be confused with a specific ability of the surgeon. Such
a viewpoint could potentially result in a renewed ‘blame and shame’ culture similar to
aviation, where individual pilots were increasingly held responsible for “losing situational awareness” during calamities48. Attention for the aspect of situational awareness
should by no means be an attempt to steer away from the process-based approach to
safety. It should be applied as framework for improving peri-operative care processes to
ultimately improve the operating team’s functioning.
Given the advancements in other areas of medicine, now is the time to set a stronger
focus on improving situational awareness both in training and in surgical practice.
Improvement of SA in surgery can be accomplished by a two-fold approach. First, surgical team crisis management training in simulators and serious games must be further
optimized and integrated into surgical residency programs. Secondly, technological
innovations that integrate data from different sources in the OR, could be used to
‘de-clutter’ information to the clues relevant to the procedure and give timely warnings. These techniques should be explored and evaluated. Evidence is mounting that
improving SA in surgical theatres leads to better surgical outcomes, and there are plenty
opportunities to do so.
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Abstract
Background: Equipment-related malfunctions during minimally-invasive surgery (MIS)
are common and threaten patient safety. As they occur in the periphery of the surgeon’s
vision, the surgical team requires sufficient situational awareness to respond timely. A
serious game was developed to train surgical residents to deal with equipment-related
errors. This study investigated to which extent surgical educators and trainees would
accept a serious game as training method.
Methods: A cross-sectional survey was conducted amongst 45 surgeons, surgical residents and medical students, who played the serious game at as scientific convention.
The questionnaire contained statements on perceived realism, usefulness, teaching capability, user experience and application toward surgical training. Results were analyzed
according to participants’ MIS experience (‘expert’, ‘intermediate’, and ‘novice’).
Results: The majority found that important medical constructs were represented realistically (64.4 – 88.9%) and indicated the game to be particularly useful for training OR
nurses and surgical residents (75–86%). Both educators and trainees found the game to
be useful for surgical training (53%). Serious gaming was viewed as positive (78%), challenging (60%) and 66% would play the game in their leisurely time. Licensed surgeons
perceived the game more frequently as boring than trainees (23.5% versus 6.7% and
8.3%, p = 0.045).
Conclusion: This is the first study to show acceptance of a serious game as training
format in surgical training by educators and trainees. Future research should investigate
whether the serious game indeed improves problem-solving and situational awareness
in the OR.
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Introduction
The use of complex technological and electronic equipment has allowed great progression in minimally invasive surgery (MIS), but has also resulted in a heightened mental
workload for the surgeon1. High mental workload may lead to errors as the untrained
human brain has limited capability of recognizing alterations or unexpected events
under stressful circumstances, even if they occur in plain sight. Perception is a selective
process that focuses mainly on potentially interesting objects in the visual field whilst
largely ignoring the uninteresting or unexpected, rightfully or not. These processes are
referred to as inattention-2 and change blindness3 and account for a delayed or inaccurate
recognition of potentially harmful events in the OR. As a result, equipment failure may
either be ignored or misinterpreted, as well as changes in patients’ physiological parameters. Studies show that equipment failure occurs frequently in MIS, leading to delays in
operating time and complications to patients with clinical consequences4,5.
The adaptive coupling between humans and their environment during the performance of a complex task is referred to as situational awareness. An observational study
showed that surgeons with high levels of situational awareness are less likely to make
technical errors during laparoscopic cholecystectomies6. Training surgical residents in
dealing with equipment-related problems and other non-routine events, is thought to
reduce their mental workload during their first procedures7,8, when they need to use
most of their mental capacity to focus on the procedure itself. This will most likely result
in better recognition and identification of relevant changes in the periphery of their
focus, reducing inattention- and change blindness.
Serious games are computer applications that offer a challenging and fun experience
to the player, while simultaneously providing educational content in a subtle ‘stealthy’
fashion9,10. A serious game mimics a simulation in that it provides a simulated experience of reality. An important surplus of serious gaming is the abstracted ‘game layer’.
The game layer aims at keeping players engaged and immersed in the serious game in
order to increase their voluntary adherence to training11. Because educational content
such as situational awareness is out of direct surgical focus, it could be perceived as uninteresting or irrelevant by trainees and even by surgical educators. A serious game was
designed to train surgical trainees in recognizing and dealing with equipment-related
problems in MIS.
To date, no evidence is reported on the acceptance of serious gaming by surgical
trainees and surgical educators with regard to surgical training9. This study assessed
to which extent educators and trainees would accept serious gaming to improve situational awareness as useful and relevant to MIS training.
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figure 1. The serious game (screenshots).
(Left) Main screen, with mini-game (below), the patient’s vital signs, and a supervising surgeon (above).
(Centre) During the mini-game, the player deals with problem scenarios that resemble real-live problems
in MIS, such as a darkened screen.
(Right) After the player recognizes the problem scenario, he or she can solve it by selecting the correct action on a simulation of the MIS equipment.

METhODS
Participants
A consecutive cohort of 45 surgeons, surgical residents and medical students with an
interest in surgery with no previous exposure to the serious game were recruited on
voluntary base during the annual convention of the Dutch Surgical Society (Nederlandse Vereniging voor Heelkunde, May 30th–31st, 2013). In total, 50 persons played the
serious game and 5 participants were excluded because they did not have a medical
background.
The participants were introduced to the serious game on a laptop computer and received a hands-on instruction by trained instructors, after which they played four threeminute sessions. Then, the participants completed a questionnaire. The participants’
opinions were compared between the expert group (defined as having performed >100
MIS procedures as primary surgeon), intermediate level group (defined as having performed 1-99 MIS procedures as primary surgeon) and novice group (defined as having
no experience with MIS). A sample size calculation was not performed due to the nature
of the study.
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Serious Game
The serious game was developed for surgical residents specifically12, aiming to educate
them to (1) identify important elements from the surroundings in the operating room
(OR) unrelated to the procedure itself, and o (2) solve the problems correctly and efficiently. The serious game (Weirdbeard B.V., Amsterdam, The Netherlands) is fitted to
smartphones and tablets and is based on a popular entertainment game. This game
has little to do with surgery, but aims to trigger the learner’s intrinsic motivation to play
and keep playing. The educational content included the laparoscopic tower’s screen
and lighting problems, gas transport problems, electrosurgical problems and specific
complications related to MIS (Table 1). This was virtually embedded in the entertainment game (Figure 1, left). While the player plays the game, signals occur signifying
specific equipment failure scenarios (Figure 1, centre). The game’s screen reacts to the
screen and lighting, the visibility reacts to the insufflation, moving the blocks reacts to
the electrosurgical unit and realistic auditory alarms could signify pathophysiological
complications or malfunctions.
As soon as the player suspects a malfunction or complication, he or she stops the
game by pressing ‘stop’, after which he or she enters the trouble-shooting mode (Figure
1, right). This depicts a simulated laparoscopic tower. The player should diagnose the
problem and correct the issue at hand. The players’ performance in problem recognition and problem solving are assessed (proportions of problems recognized and solved,
time required, and amount of correct and incorrect diagnostic steps). The player receives
feedback on his or her actions.
Screen / Lighting

Gas transport /
pneumoperitoneum

Electrosurgery

Pathophysiology

Blurred screen

Intra-abdominal pressure
too high

Electrosurgery alarm

Desaturation

Condensation on screen

Insufflation insufficient

Electrosurgery does not function

Hypotension

Flashing screen

Obstructed gas chain

Electrosurgery insufficient

Moving image

Empty gas supply

Yellow colouring
Green colouring
Red colouring
Darkened screen
Light screen
Black screen
‘No signal’ sign
Smoke on screen

Table 1. List of problem scenarios included in the serious game content, grouped by equipment. Problems
can have multiple causes.
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By embedding equipment failure scenarios in an alternate activity, the ‘real’ operating
room situation is simulated, in which trouble occurs outside the visual field from the
surgeon itself. Educational content was derived from the Fundamentals of Laparoscopic
Surgery course13. The scenarios were checked and corrected by two independent laparoscopic surgeons and five MIS equipment specialists. They were given in written form
with correct solutions, leaving content experts to choose between “valid” and “invalid”.

Questionnaire
The questionnaire was accessed through Google Docs (Google Inc. Mountain View, CA,
United States) and contained twelve items on demographic characteristics, seven statements on realism of important medical aspects (MIS equipment, problem scenarios).
Six statements questioned the serious game’s educational value and six statements
concerned its usefulness for different user groups. Seven statements questioned user
experience and seven statements on use in surgical curricula.
The statements were evaluated on a five-point Likert scale, in which 1 related to ‘fully
disagree’, 3 to ‘neutral’ and 5 to ‘fully agree’. A median value >3.0 was viewed as a positive
response to the statement, <3.0 a negative response. Additionally, participants could
clarify their opinion through an open textbox per topic.

Statistical analysis
Measurements were recorded and analyzed using the IBM Statistical Package for Social
Sciences (SPSS 19, IBM Corporation, Armonk, NY, United States). Nonparametric tests
were used to calculate differences between user groups; statistical significance was
considered at p < 0.05.

Results
Demographic characteristics
Fourteen licensed surgeons, twenty-five surgical residents and six medical students with
an interest in surgery participated in the study (Table 2). Participants were based at different hospitals in The Netherlands. Of the surgeons, 13 specialized in general surgery
and 1 in vascular surgery. The mean number of years registered was 12.5 years (SD 8.4).
Of the residents, 88% specialized in general surgery, 8% in urology and 4% in plastic
surgery. The participants were grouped according to their experience with MIS using
abovementioned criteria. All were included in the analysis, although one participant
from the expert group was lost due to technical failure of the questionnaire.
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Characteristics

Novice
(No experience
in MIS)

Group size
Sex

Intermediate
(1-99 MIS
procedures)

Expert
(>100 MIS
procedures)

12

15

18

M (%)

50

66

89

F (%)

50

33

11

Age

mean, SE

25,8 (± 0,7)

31,9 (± 0,8)

44,6 (± 2,3)

Function

Student

6

0

0

Resident

6

14

5

Videogame experience
Laparoscopic equipment
training

Specialist

0

1

13

Current (%)

66

53

22

Past (%)

17

7

17

Basic lap course (%)

8

87

61

Advanced lap course (%)

0

0

6

Table 2. Demographic characteristics per study group, measured in numbers unless stated otherwise.
SE = standard error; MIS = Minimally Invasive Surgery

4

Representation of medical constructs
Table 3 refers to the participants’ opinions on realism of medical constructs that were
incorporated in the serious game. In total, 88.9% found the MIS equipment representation to be realistic, 84.4% the displays and parameters on the equipment, 75.9% the
auditory signals and 66.7% the visual signals. The problem scenarios were viewed to
be realistic by 64.4%, and feedback by 64.4%. Of the participants, 48.9% found solving
problems to be realistic, 24.4% did not. There were no significant differences among the
groups. The open comments indicated that two participants indicated lack of realism
as a problem, and two participants indicated the displays were not adequately altered
during a problem.
Realistic representation

Novice
(n= 12)

Intermediate
(n= 15)

Expert
(n= 18)

Median

P25

P75

Median

P25

P75

Median

P25

P75

Laparoscopic tower

4,00

4,00

4,00

4,00

4,00

4,00

4,00

4,00

4,00

NS

Display parameters

4,00

3,25

4,00

4,00

4,00

4,00

4,00

4,00

4,00

NS

P*

Auditory cues

4,00

4,00

4,00

4,00

3,00

4,00

4,00

3,00

4,00

NS

Visual cues

4,00

4,00

4,00

4,00

3,00

4,00

3,50

2,00

4,00

NS

Problem scenarios

4,00

3,00

4,00

4,00

4,00

4,00

3,50

2,00

4,00

NS

Solving problems

4,00

3,00

4,00

3,00

2,00

4,00

3,00

2,00

4,00

NS

Feedback

4,00

3,00

4,00

4,00

3,00

4,00

4,00

2,75

4,00

NS

Table 3. Opinions on representation of important medical constructs.
* Kruskal Wallis test.
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Teaching capability
Table 4 refers to the perceived teaching capability of the serious game. Of the participants, 48.9% found the serious game to be useful for functioning in the laparoscopic
environment, 28.9% did not. Furthermore, 93.4% thought that the serious game would
enhance the players’ awareness of equipment malfunctions, 86.6% their problem recognition capabilities and 71.1% their problem solving capabilities. In total, 48.9% agreed
the game to enhance the players’ environment perception, 22.2% disagreed. The game
was thought to enhance overall situational awareness by 62.2%. No significant differences between the groups were observed.
Of the participants, 80% found the serious game to be useful for teaching medical students, 84.4% for OR nurses, 75.6% for interns, and 75.6% for surgical residents. In total,
35.6% thought it to be useful for Fellows in MIS and 33.3% for licensed surgeons. There
were no significant differences between the groups. The open comments indicated that
three participants thought lack in realism to be a problem to the teaching capability of
the serious game. One participant indicated the game to be too specific for students,
and fellows. Laparoscopic surgeons were expected to know the content.
Usefulness for learning

Novice
(n= 12)

Intermediate
(n= 15)

Expert†
(n= 18)

P*

Median P25

P75

Median P25

P75

Median P25

P75

To Function in Laparoscopic
Environment

3,00

2,00

4,00

4,00

3,00

4,00

3,50

2,00

4,00

NS

Problem Awareness

4,00

4,00

5,00

4,00

4,00

4,00

4,00

4,00

4,25

NS

Problem recognition

4,00

4,00

4,75

4,00

4,00

4,00

4,00

4,00

4,00

NS

Problem Solving

4,00

4,00

4,00

4,00

3,00

4,00

4,00

3,75

4,00

NS

Perception of environment

3,50

2,00

4,00

3,00

3,00

4,00

3,50

2,75

4,00

NS

Situation Awareness

4,00

3,00

4,00

4,00

3,00

4,00

4,00

4,00

4,00

NS

Students

4,00

4,00

4,00

4,00

4,00

4,00

4,00

3,50

4,00

NS

OR nurses

4,00

4,00

4,00

4,00

4,00

4,00

4,00

3,50

4,00

NS

Residents (not-in-training)

4,00

2,25

4,00

4,00

4,00

4,00

4,00

3,50

4,00

NS

Residents (in-training)

4,00

3,25

4,00

4,00

4,00

4,00

4,00

3,00

4,50

NS

Fellows (MIS)

3,00

2,25

4,00

3,00

2,00

4,00

3,00

2,00

4,00

NS

Surgeons

3,00

2,25

4,00

3,00

2,00

4,00

3,00

2,00

4,00

NS

Usefulness for teaching

Table 4. Opinions on the serious games usefulness for teaching different skills and different user groups.
* = Kruskal Wallis test.
† = 1 participant lost follow-up due to technical problems
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User experience
Table 5 refers to the user experience of the participants when playing the serious game.
In total, 82.2% found the game to be pleasant, 77.8% funny, 60.0% challenging, and
17.8% addictive. Of the participants, 33.3% found it to be frustrating, 51.1% did not.
None found the experience to be repulsive and 13.3% found the serious game boring.
Experts found it significantly more boring than other groups (23.5% versus 6.7% and
8.3%, p = 0.045). Open comments revealed two participants who explicitly indicated it
to be an attractive way to learn about malfunctioning equipment.
User Experience

Novice
(n= 12)

Intermediate
(n= 15)

Expert
(n=17)†

P*

Median

P25

P75

Median

P25

P75

Median

P25

P75

Pleasant

4,00

3,25

4,00

4,00

4,00

4,00

4,00

4,00

4,00

NS

Funny

4,00

4,00

4,00

4,00

4,00

4,00

4,00

3,00

4,00

NS

Frustrating

2,50

2,00

4,00

2,00

2,00

4,00

3,00

2,00

4,00

NS

Challenging

3,50

3,00

4,00

4,00

3,00

4,00

4,00

2,50

4,00

NS

Repulsive

2,00

1,00

3,00

2,00

2,00

3,00

2,00

1,00

2,50

NS

Addictive

3,00

2,00

4,00

3,00

2,00

3,00

2,00

1,50

3,00

NS

Boring

2,00

1,25

2,00

2,00

2,00

2,00

2,00

2,00

3,50

0,045‡

4

Table 5. User gameplay experience.
* Kruskal Wallis test; † 1 participant lost follow-up due to technical problems; ‡ Statistically significant difference
between Novice and Expert groups

Surgical training
Table 6 refers to the opinions on the applicability of the serious game in regular surgical
teaching. Of the participants, 13.3% considered the level of difficulty too low; 6.7% too
high. Furthermore, 53.3% thought it to fit into the regular surgical curriculum, 77.8%
thought it could be played outside the official curriculum. Only 6.6% thought that it
should be an obligatory part of the curriculum. In total, 66.6% would download the
game. There were no significant differences between the groups.

Discussion
This cross-sectional study shows that surgeons and surgical residents from multiple
institutions in the Netherlands have a clear positive opinion towards applying serious
games in surgical residency training. Serious gaming is believed to be ‘the next big
thing’ in medical education. Residents frequently access apps and games on mobile
devices in order to gain knowledge or merely to spend their leisurely time. Over half the
physicians and almost 70% of the residents use smartphone apps and mobile technol81
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Applicability

Novice
(n= 12)

Intermediate
(n= 15)

Expert
(n=16)†

P*

Median P25

P75

Median P25

P75

Median P25

P75

Level too low

2,00

2,00

3,00

2,00

2,00

3,00

2,00

2,00

3,00

NS

Level too high

2,00

2,00

3,00

2,00

2,00

2,00

2,50

2,00

3,00

NS

Improves functioning in MIS
OR

4,00

2,00

4,00

4,00

3,00

4,00

3,00

2,25

4,00

NS

Fits into regular surgical
curriculum

3,50

2,00

4,00

4,00

3,00

4,00

4,00

3,00

4,00

NS

Fits outside surgical
curriculum

4,00

4,00

4,00

4,00

4,00

4,00

4,00

3,25

4,00

NS

No interest in playing the SG

2,00

2,00

3,00

2,00

2,00

3,00

3,50

2,00

4,00

NS

Should be part of surgical
curriculum

2,00

2,00

3,00

2,00

2,00

2,00

2,00

1,00

3,00

NS

Would download SG for free

4,00

3,25

4,00

4,00

4,00

5,00

4,00

2,00

4,00

NS

Would download SG for 1E

2,50

2,00

4,00

4,00

2,00

4,00

2,00

1,00

3,75

NS

Would download SG for 5E

2,00

2,00

2,00

2,00

2,00

3,00

2,00

1,00

3,00

NS

Table 6. Opinions on the applicability in surgical teaching.
MIS = minimally invasive surgery; OR = operating room; SG = serious game
* Kruskal Wallis test.
† 1 participant lost follow-up due to technical problems during assessment

ogy in clinical decision making, a number that is likely to increase over the next years14.
Results are in conformity with other studies that generally show postgraduate medical
trainees to have a positive opinion regarding virtual reality applications in postgraduate
education15,16. This study is the first to report on the acceptance of serious games in
surgical training9, revealing positive opinions. Whereas it represents a novel teaching
modality in surgery, the system’s face validity is an important step17.
The usefulness of videogames to education has gained acknowledgement in recent decades11 and has found its way into surgical training9. Rosser and colleagues showed that
visuomotor skills in laparoscopy are correlated to playing commercially available videogames on well-known game consoles18. New generations are used to the advantages of
gaining knowledge trough digital portals. Residents currently spend more time playing
videogames than reading books19. This correlates to the high percentage of videogame
experience in novice and intermediate groups in this study (83% and 60%, versus 39% in
the expert group). These habits therefore call for a different instructional approach19. To
date, no scientific results are available on the issue of embedded use of smart strategies
such as serious gaming in surgical education9,20.
Our study describes a novel stand-alone off-site instructional tool to improve the situational awareness of inexperienced surgical trainees. Problems related to equipment
occur often during MIS4, mostly outside the surgeon’s direct area of focus, which is the
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surgical field. To improve situational awareness in the OR, operating team should train
to recognize and deal with ‘non-routine events’ during routine procedures7,8. This situational awareness is currently trained mostly “on the job”, during which patients are at
unnecessary risk. Moreover, significant knowledge deficiencies on resolving issues with
MIS equipment and surroundings frequently exist after regular skills training, even in
experienced laparoscopic surgeons21. Whereas situation awareness is part of a team’s
performance in the OR6, curriculum development on non-technical skills in the OR
should include the complete OR team.
These results show that both residents and educators are likely to accept serious
gaming as a format for training skills in surgery. The traditional view in surgical training
is that well-designed training environments require full representations of the real OR.
Several expert participants in our study in fact shared this view. Evidence however indicates that the level of realism of the construct in the simulation (referred to as physical
fidelity) is not a necessary precondition to allow skills transfer. As long as the relevant
elements in the decision-making process of the educational construct are represented
realistically (referred to as functional fidelity), the simulation can still induce learning
in trainees22,23. The level of immersion (players feeling of presence and control in the
simulation), challenge and acceptance of the instrument are more important for skills
transfer than physical representation23.

Limitations
Limitations and potential sources of bias to the study include the following. First, the
participants’ voluntary participation could have introduced a selection bias. However,
the sample’s demographic characteristics is in conformity with the target population.
Gender differences correspond to gender differences between specialists and medical
students, whereas in The Netherlands over two-thirds are female24. Age differences are
as may be expected due to stratification on experience. Selection bias does not appear
to have influenced intergroup opinion differences, but may have positively influenced
the cohort as a whole. However, results correspond to the positive opinions of surgical
postgraduate trainees on other types of virtual reality based training methods15,16.
Next, mere attention towards the subject could have positively influenced participants’
opinions (Hawthorne effect). Especially lesser-experienced participants are susceptible
to this phenomenon. It does not appear to be of great influence to intergroup differences, as no significant differences are seen between groups for all items but one.
Thirdly, participants could be influenced by survey questioners’ enthusiasm (Pygmalion effect). To reduce this, questioners were not affiliated to the game developer and
the survey was completed online anonymously.
Finally, the application of Likert-scales could introduce lack of clarity and ambiguity concerning individual questionnaire items25. In the survey’s design, many different
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definitions were therefore given per construct (e.g. “situational awareness”, “problem
awareness” and “perception of environment”), as well as conflicting items (“challenging”
versus “boring”). However, this source of bias is hard to exclude.

Conclusions
Results of our study show positive attitudes from educators and trainees from different
surgical centers regarding acceptability and use of serious gaming in surgical curricula.
These results strengthen legitimacy of serious games for surgical educational curricula.
Research is required on novices’ learning curves on the serious game and transfer of
problem-solving abilities of game-trained residents in the reality before it’s use is justified, customary to validation standards for instructional tools.
Acknowledgments: The authors wish to thank the organizing committee of the 2013 Annual Convention
of the Dutch Surgical Society for facilitating this study.
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Abstract
Background: Equipment malfunction accounts for approximately one-fourth of surgical errors in the operating room. A serious game was developed to train surgeons in
recognizing and responding to equipment failure in minimally invasive surgery (MIS)
adequately. This study determined the baseline performance of surgeons, surgical residents, surgical novices and MIS equipment technicians in solving MIS equipment failure.
Methods: The serious game included 37 problem scenarios on the subjects lighting
and imaging, insufflation and gas transport, electrosurgery and pathophysiological disturbances. The scenarios were validated by laparoscopic surgeons and MIS equipment
specialists. Forty-nine licensed surgeons, surgical residents, medical students and MIS
equipment specialists played four sessions on the serious game at a surgical convention.
Scores on different outcome parameters were compared between groups of different
MIS experience.
Results: Laparoscopic equipment specialists solved significantly more MIS equipment
related problems than surgical novices, intermediates and experts (68.9% versus 51.0%,
51.4% and 45.0%, respectively, p = 0.01). Laparoscopic equipment specialists required
significantly fewer steps to solve a problem accurately (median of 1.0 versus 2.0 for the
other groups). Most notably, experienced surgeons were unable to outperform novice
and intermediate groups. Experienced surgeons took less time to solve the problems,
but made more mistakes in doing so.
Conclusions: Experienced surgeons did not outperform inexperienced surgeons in
dealing with laparoscopic equipment failure. These results are worrying and need to be
addressed by the surgical community.
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Introduction
The increase in complex technology has greatly enhanced possibilities in minimally
invasive surgery (MIS), but has also increased the mental workload for the operating
personnel1. A systematic review shows that equipment-related problems account for
approximately one-in-four surgical errors2. During the majority of MIS procedures,
equipment malfunction will occur, such as failure of electrosurgery, gas and light
transmission, instrumentation, and electronic circuits3;4. This leads to time delays and
threatens patient safety in approximately one fifth of the cases3. Although surgeons and
operation room (OR) assistants train in laparoscopic equipment handling, it does not
prevent malfunctions from happening2. Legislation in The Netherlands states that the
user carries final responsibility for proper functioning of medical technology5, requiring the laparoscopic surgeon to be able to deal with malfunctions. Legislation states
that hospitals are responsible for proper training and maintenance of skills in handling
medical technology6;7.
Two aspects may compromise the surgeon’s ability to deal with equipment malfunctions in the OR. During surgery, the surgeon has to divide his or her attention between
surgical field, surgical team and OR surroundings. It has been shown that the human
brain is incapable of recognizing subtle alterations8 or unexpected events9 in stressful
circumstances. Secondly, current training seems not to ensure the skills needed to solve
equipment-related problems. Although surgeons in developed countries receive basic
laparoscopy training on the principals of MIS (Fundamentals of Laparoscopic Surgery
course10 or equivalent), a recent survey among participants in the advanced laparoscopy
courses showed that knowledge from the course is barely preserved over time, especially concerning instrumentation and MIS access11.
A serious game was developed to train surgical trainees in recognizing and dealing
with MIS equipment malfunctions. A serious game is defined as “interactive computer
application … that has a challenging goal, is fun to play and engaging, incorporates
some kind of scoring mechanism, and supplies the user with skills, knowledge or attitudes useful in reality”12. This serious game aims to train surgical residents in handling
common and less common problems related to pneumoperitoneum, gas and visual
transmission and electrosurgery, and recognizing pathophysiological disorders related
to MIS.
This study determined the baseline performance of surgeons, surgical residents
and medical students in recognizing and solving MIS equipment failure scenarios.
We hypothesized that the experienced laparoscopic surgeons would outperform
lesser experienced surgeons – because of the requirements by their surgical registration and because of practical experience. Secondly, we hypothesized that laparoscopic
equipment specialists (i.e. technical equipment specialists involved in manufacturing
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laparoscopic equipment) would outperform all surgical levels of expertise in solving
equipment problems.

Methods
Participants
Forty-five surgeons, surgical residents and medical students from different hospitals
in the Netherlands were recruited at the Dutch Surgical Society’s annual convention,
May 30th and 31st, 2013. None of them had previous exposure to the serious game. Six
laparoscopic equipment specialists were recruited from the firm that designed the MIS
equipment featured in the serious game. Two surgeons were excluded because they
had no experience with the type of laparoscopic equipment represented in the serious
game.
All 49 participants received a standardized hands-on instruction by trained instructors
and one trial-session (3 minutes). This did not include teaching on equipment malfunctions. All participants played a minimum of three sessions on the serious game. Performance was analyzed and compared between groups of different levels of experience:
(surgical) expert (performed >100 MIS procedures as primary surgeon), intermediate
(performed 1-99 MIS procedures as primary surgeon), novice (no experience with MIS
as primary surgeon) and MIS equipment specialists (manufacturer-affiliated equipment
specialists).
The participants filled out a questionnaire on demographic information, experience
with MIS, MIS equipment training and videogame experience.

Serious Game
Learning objectives of the serious game (Weirdbeard B.V., Amsterdam, The Netherlands)
were (1) recognizing and (2) handling equipment-related events during the performance of an unrelated task, thereby aimed to improve vigilance towards events outside
the direct operative field. The educational content was embedded in an entertaining
game, as is customary in serious gaming13. The main interface (Figure 1, left) displayed
a mini-game (a game inside a game). The mini-game was used because of its captivating properties, ensuring players’ attention and motivation to play. Although the minigame’s content was unrelated to surgery, the gameplay was virtually embedded in the
laparoscopic tower and thus influenced by equipment failure. The screen and lighting
were influenced by the laparoscopic monitor output and gameplay by electrosurgical
functioning. Auditory and visual signals from the OR appeared throughout the game.
This required the player to retain awareness of his or her surroundings, comparable to
the live OR setting.
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figure 1. The serious game (screenshots).
Left: Main screen, with mini-game (below), the patient’s vital signs, and a supervising surgeon (above).
Centre: During the mini-game, the player deals with problem scenarios that resemble real-live problems in
MIS, for example the darkened screen.
Right: After the player recognizes the problem scenario, he or she can solve it by selecting the correct action
on a simulation of the MIS equipment.

During the serious game, a fixed amount of MIS-related problem scenarios occurred
that inhibited further gameplay (Figure 1, centre). These scenarios were designed and
tested to resemble real equipment problems or malfunctions and pathophysiological
disorders related to MIS. The equipment problems included screen and lighting, gas
transport and electrosurgery problems (Table 1). This educational content was validated
by two independent laparoscopic surgeons and five MIS equipment specialists. The
problem scenarios were presented in written form with the correct solutions, leaving
the content experts to choose between “valid” and “invalid”.
If an equipment problem was recognized by the player by pressing a button, he or
she would enter a problem-solving mode. This displayed a simulated MIS unit (Figure 1,
right), with lightsource (Olympus Exera II CLV 180), insufflator (Olympus UHI-3), videoprocessor (Olympus Exera II CV-180), laparoscopic camera (EndoEYE HD Video Laparoscope)
and electrosurgical unit (Surgmaster UES-40, all Olympus Corporation, Tokyo, Japan). By
assessing the equipment settings and displays, the player could reason the cause of the
problem and execute the action to solve the problem. Upon successful completion, or
after 4 failed attempts, the player entered the mini-game mode again. Extra points could
be obtained by choosing efficient problem solving strategies, enhancing the player’s
motivation to deal with the content.
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Category

Scenario type

Problem
scenarios in
the serious
game (n)

Screen / Lighting

Blurred screen

1

Reason
Problem
scenarios
excluded from
analysis (n)

Condensation on screen 1

Gas transport /
pneumoperitoneum

Electrosurgery

Pathophysiology

Flashing screen

1

Moving image

1

Discoloration

5

Darkened screen

3

Light screen

1

Scenario did not fit camera
represented

3

1

Graphical misrepresentation of
lighted screen in one scenario

Black screen

6

2

- Graphical misrepresentation
of a display-signal
- Graphical misrepresentation
of stand-by button

‘No signal’ sign

1

Smoke on screen

1

Intra-abdominal
pressure too high

2

1

Game not fitted with correct
action required in scenario

Insufflation insufficient

2

Obstructed gas chain

1

Empty gas supply

1

Electrosurgery alarm

1

Electrosurgery does not 2
function

1

Sound dysfunction

Electrosurgery
insufficient

1

1

Sound dysfunction

De-oxygenation

1

Arrhythmia

1

Hypotension

2

Table 1. Problem scenarios included in the serious game content.
Specific problems can have multiple causes, represented in column ‘Number of scenarios’. Seven scenarios
were excluded from analysis due to graphical or auditory misrepresentation.

Measurement
The software automatically calculated the participants’ performance by the following
parameters: problems recognized and solved, time required identifying the problem
(problem recognition time) and the time required solving the problem (problem solving
time). Additionally, the number of steps to solve the problem was measured, including
the number of correct and incorrect steps. These were used to calculate the participants’
strategic efficiency in solving problems. Problem scenarios that were consistently not
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solved (overall problem solving rate <10%) were analyzed for mistakes and withheld
from analysis to optimize content validity.

Statistical analysis
Problem recognition, problem solving and accuracy scores were measured per problem,
and compared using non-parametric testing. Problem solving time was calculated using
a Kaplan-Meier curve and Log-Rank test.
The effect of the game on problem solving capability was assessed using a random
intercept linear regression model: a random effects model with one fixed intercept and
a random intercept for each group. The random intercepts were compared to the overall
random intercept value of 0. Statistical uncertainty was addressed by estimating 95%
confidence intervals (CI).
Analyses were performed using IBM Statistical Package for Social Sciences version 20
(IBM corp., Armond, NY, USA) and R version 2.15 (R Foundation for Statistical Computing,
Vienna, Austria).

5

Results
Characteristics
Forty-three participants from thirty hospitals in the Netherlands were included in the
analysis, and six laparoscopic equipment specialists from the equipment manufacturer.
Demographic Characteristics

Novice
(No MIS
experience)

Intermediate
(1-99 MIS
procedures)

Expert
(>100 MIS
procedures)

Equipment
specialists

N

12

14

17

6

Function

Sex
Age

Student

6

0

0

0

Resident

6

13

5

0

Specialist

0

1

12

0

Product expert

0

0

0

6

Male

33%

71%

82%

67%

Female

67%

29%

18%

33%

Mean (SE)

25.6 (± 0.7)

31.6 (± 0.9)

43.5 (± 2.6)

40.5 (± 2.8)

81%

92%

86%

33%

Videogame experience
(past or presence)
Laparoscopic
equipment
training

Basic MIS course

0%

78%

60%

0%

Advanced MIS course

0%

7%

0%

0%

Other

0%

0%

0%

100%

Table 2. Demographic characteristics of study participants, grouped according to experience in MIS (in
numbers unless stated otherwise). MIS = minimally invasive surgery
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Demographic characteristics are described in Table 2. The (surgical) expert and laparoscopic equipment specialists groups were significantly older than novice and intermediate groups (one-way ANOVA with post-hoc Bonferroni, p < 0.01). The novice group had
significantly more female participants (Chi-square, p = 0.02). Equipment specialists had
significantly less videogame experience than the other groups (Chi-square, p = 0.02).
Participants completed four sessions with an average of 5.0 problem scenarios per
session. There were no significant differences in the distribution of the 37 problem
scenarios among the participants of groups (Chi-square test, p = 0.84).
Problem scenarios with a failure rate >90% were submitted to a post-hoc evaluation.
As a result, 7/37 problem scenarios were excluded from the analysis. Flaws were found
in the graphical and auditory presentation of these seven scenarios that could have
compromised the test’s validity (Table 1).

Group performance
All participants were able to recognize most of the equipment problems (novice group
97.7%, intermediate group 96.4%, (surgical) expert group 98.9% and MIS equipment
specialists 98.4%). The MIS equipment specialists solved significantly more problems
than the other groups (68.9% versus 51.0%, 51.4% and 45.0%, for novice, intermediate
and expert groups, respectively, Kruskal Wallis, p = 0.015). An unexpected finding was
that the (surgical) expert group solved fewer problems than the novice and intermediate





 
 
 

    






   

  
 

  
 

Time required

Figure 2. Efficiency of the participant groups in solving problem scenarios in the serious game.
A) Number of steps required (in numbers), with proportions of correct and incorrect steps shown.
B) Inversed survival analysis of the time required to solve a problem (in seconds). The moment of problem
solving was chosen as the event.
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groups. This finding was non-significant. Subgroup analysis showed that the licensed
surgeons performed similar to the surgical residents within the expert group (44.8%
versus 44.5%, p = 0.97 (Mann Whitney U)).
Figure 2 shows the efficiency with which the participants solved the problem scenarios, in terms of accuracy of the individual steps (Figure 2A), and the time that the
participants required to solve a problem (Figure 2B). The MIS equipment specialists
required a median of 1.00 steps to solve a problem (IQR 1.00 - 3.00), (surgical) experts
3.00 (1.00 – 4.00), intermediate 2.00 (IQR 1.00 – 4.00), and novices 2.00 (IQR 1.00 – 4.00).
This was statistically significant (Kruskal Wallis, p = 0.03). The MIS equipment specialists had a higher proportion of correct steps in problem solving (median of 1.00 (IQR
0.50 – 1.00) versus experts 0.50 (IQR 0.00 – 1.00), intermediate 0.50 (IQR 0.00 – 1.00) and
novice 0.50 (IQR 0.00 – 1.00). The differences between MIS equipment specialists and the
other groups were statistically significant, (Mann Whitney U, p = 0.01 vs. expert group; p
= 0.05 vs. intermediate group and p = 0.02 vs. novice group). Figure 2B shows the time
required to solve problems. It shows that MIS equipment specialists required on average
more time to solve problems than other groups. The MIS equipment specialists required
significantly longer to solve the problem than other groups, but performed better. This
inequality was statistically significant (Logrank, p = 0.04).

Novice	
  
Intermediate	
  
Expert	
  
Equipment	
  
specialist

	
  

Figure 3. Random effects model of the effect of the serious game on participants’ performance in time, per
study group.
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Figure 3 shows learning curves of the individual participants in time during subsequent serious gaming sessions in a random intercept linear regression model. The
serious game’s effect on MIS equipment specialists’ performance was estimated as an
improvement of 0.13 per session (95% CI −0.012 to 0.29). The effect of serious gaming
on other groups was limited: novices 0.01 (95% CI −0.07 to 0.09); intermediate −0.04
(95% CI −0.14 to 0.08); (surgical) experts 0.00 (95% CI −0.11 to 0.10). None of the effects
could be considered statistically significant, but a trend was visible in the MIS equipment specialist group. There was no difference in effects between experts and novices.

Discussion
Our prospective cohort study showed that laparoscopic surgeons and experienced
surgical residents who performed over >100 MIS procedures as primary surgeon were
unable to solve equipment-related problems in MIS more effectively than novices.
Experienced surgeons were quick to choose a troubleshooting strategy, but failed as
often as inexperienced personnel, while laparoscopic equipment experts acted more
deliberately and with more precision. The serious game that was used showed acceptable construct validity, as the manufacturer-affiliated laparoscopic equipment specialists performed better than surgical groups, in conformity with the study hypothesis.
None of the laparoscopic equipment specialists had played the serious game before.
Re-analysis of the problem scenarios in the serious game was performed to identify
erroneous problem scenarios.
Nearly one equipment malfunction occurs during every surgical procedure2. Specific
analyses of MIS procedures showed equally high equipment failure rates (one or more
events occurring in 42% - 87% of the MIS procedures)3;4;14;15. Fluid, gas and lighting
problems occurred in approximately 36% of the equipment malfunctions, followed by
surgical instruments (29%), electrical circuits (22%) and imaging (12%)3. Malfunctions
lead to delays (up to 7% of the operation time) and form a threat to patient safety in approximately one fifth of the cases3. Checklists seem to reduce the amount of equipment
failures by 50%, but do not prevent malfunctions, leaving problem solving capabilities
to the individual surgeon highly relevant15.
It seems imperative that the staff responsible for using medical technology knows
how to deal with equipment malfunctions. The authors believe that a single course on
equipment malfunctions during the start of the surgical curriculum (i.e. FLS), as is currently accustomed, is insufficient training for the full length of a surgeon’s career. This is
backed by results from a survey amongst participants of advanced laparoscopic courses
in 2011, showing knowledge deficits on the principles of MIS while most participants
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had partaken basic laparoscopy courses11. Possibilities for continuous training throughout the laparoscopic surgeon’s careers on managing equipment problems should be
explored.
Limitations of this study included the following. The serious game does not provide
a one-on-one representation of the laparoscopic operation room. More experienced
participants are presumably more familiar to the real MIS setting and may thus have a
greater disadvantage. However, this does not explain that the laparoscopic equipment
experts outperformed them. As long as the functional fidelity of a simulation is adequate
(i.e. all the cues in the simulation that represent the decision-making process are represented adequately in the simulation), skills transfer is similar to simulations with high
physical fidelity (i.e. physical appearance of the construct is highly realistic)16. The results
show adequate construct validity.
A second problem is that the results do not indicate a learning curve in novice, intermediate and (surgical) expert groups, whereas laparoscopic equipment specialists do
show a learning curve. This could be explained as a shortcoming of the serious game, as
trainees do not seem to learn from the game within the first three sessions. However, it
is quite plausible that learners need to ‘warm up’ and familiarize with the game-based
environment (all groups start with an equally low problem solving rate in the first session). The laparoscopic equipment experts seem to require the least time to ‘warm up’.
Future research should therefore determine complete learning curves.
A limitation to the study results is the limited size of the laparoscopic equipment
specialists group (6 compared to 18, 15 and 12 in the other groups). For a more robust
test, more technicians would be required. Still, the differences in performance in our
study are of a magnitude ensuring statistical significance.

Recommendations
The results indicate that surgeons are currently underequipped with strategies to handle
MIS equipment failure appropriately. This is alarming and requires further exploration, as
MIS equipment failure is common and often precipitates surgical errors2;3. Two solutions
to this problem are plausible. The presence of personnel with similar training to MIS
equipment technicians in the OR could assist in equipment malfunctions, comparable
to on-board technicians in aviation. However, equipment malfunctions are not limited
to office hours, and availability of specialized personnel is usually scarce during evening
and night hours.
A second solution is to improve learning outcome of laparoscopic training courses
by making them recurrent over time and incorporating hands-on training in handling
non-routine events. Such training would not only improve individuals’ problem solving
capabilities, but could also improve problem recognition, thereby reducing time delays.
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Surgeons may not spontaneously choose to train with medical technology. Serious
games combine fun and entertaining videogame characteristics with skills training
and provide the possibility to test and assess trainees, monitor progress and award
certifications13. A system of skills upkeep and accreditation could aid long-term skills
preservation.
Acknowledgments: The authors wish to thank the organizing committee of the 2013 annual convention of
the Dutch Surgical Society for facilitating this study. The authors wish to thank Dr. S. Siregar from the Leiden
University Medical Centre, dept. of Cardio-thoracic Surgery, for contributing to the statistical analysis.
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Abstract
Background: Equipment-related malfunctions are directly related to one-fourth of the
adverse events in the surgical theatre. A serious game trains residents to recognize and
respond to equipment failure in minimally invasive surgery (MIS), related to lighting,
gas transport, electrosurgery and pathophysiological disturbances. This randomized
controlled trial explored whether game-based training improved surgical residents’
response to equipment-related problems in the surgical theatre significantly.
Methods: Thirty-one surgical residents with no previous no experience in MIS took part
in a standardized basic laparoscopy training course. Fifteen residents were randomly
assigned to the game-enhanced curriculum, whereas sixteen were assigned to the
regular curriculum. In the post-test, participants performed a MIS task in a live anesthetized pig model, during which three standardized equipment malfunction scenarios
occurred. Observers recorded the problems recognized and solved, time required and
participants’ technical performance.
Results: Twenty-four participants completed the post-test (both groups n = 12). The
game group recognized and solved more problems than the control group (67% vs.
42%, p = 0.14 and 59% vs. 33%, p = 0.029). The time in which problems were recognized
and solved did not differ significantly. Random effects modelling of game performances
showed a significant improvement in game score per three-minute session.
Conclusions: Surgical residents who trained about an hour with a custom-made serious
game responded significantly better to equipment-related problems during surgery
than residents trained using a standard training curriculum. These results imply that
serious gaming is indeed an effective method for non-routine events training in surgery
involving MIS equipment
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Introduction
Minimally invasive surgery (MIS) has been widely adopted in various surgical procedures, reducing overall patient morbidity whilst improving cosmetic results. However,
the surgeon’s increased workload in a technology-dependent environment1 increases
the chance for errors to occur. Errors relating to the equipment occur frequently in the
laparoscopic suite and pose a significant threat to patient safety2–5. A recent systematic
review shows that equipment malfunctions are to be held responsible for nearly a quarter of the adverse events in the OR2.
Standardized MIS training courses aim to develop knowledge and psychomotor skills
and are part of surgical training in many countries (e.g. Fundamentals of Laparoscopic
Surgery6 (FLS)). However, these curricula do not educate surgical trainees to deal with the
laparoscopic environment or with equipment-related errors. Recent studies show that
long-term knowledge preservation regarding MIS equipment after basic laparoscopy
courses is poor7. Furthermore, experienced professionals are insufficiently equipped
to solve laparoscopic equipment-related problems, when they encounter them during
MIS8. Additional training methods focusing on long-term knowledge retention and
dealing with non-routine events during MIS are therefore much needed.
A serious game was developed to train surgical personnel in recognizing and solving
equipment-related problems in MIS. Serious games are digital applications that are fun
to play and engaging, while they supply the player skills, knowledge or attitudes useful
in reality9. Serious games enhance voluntary play among trainees, which makes them
interesting training solutions in surgery10. This serious game is based upon an attractive,
challenging entertainment game that requires the player’s attention. The laparoscopic
equipment is virtually embedded in the gameplay and possible malfunctions subsequently influence the game’s screen, lighting and auditory signals. Changes partly occur
outside the player’s direct attentional focus, resembling the OR environment. The serious game’s construct validity was established in a previous study8.
This study aimed to determine the value of the serious game on surgical trainees’
problem-recognition and problem-solving capabilities during equipment malfunctions
in the laparoscopic OR. The hypothesis was that trainees who followed a game-enhanced
curriculum would recognize and solve more equipment-related problems than trainees
who followed the regular curriculum.
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Methods
Study Design
This randomized, single-blinded two-armed trial was conducted at a tertiary academic
center in the Netherlands. Institutional ethics approval was requested, but not deemed
necessary by the institutional ethics committee.

Participants
Participants were residents in their first or second year of general surgical training participating in the standard a basic laparoscopic training course (BLTC). They were required
not to have any experience in MIS as a primary surgeon. Participants were enrolled into
either the control group (regular BLTC curriculum) or the intervention group (gameenhanced BLTC curriculum). Randomization was conducted using a sealed opaque
envelope with equal probability of group allocation. Participants were not blinded due
to the nature of the intervention.

Setting
The basic laparoscopic training course is an obligatory part of the surgical residency
training curriculum in The Netherlands11 and is modeled after FLS principles6. The twoday curriculum consists of lectures on theoretical background of MIS (laparoscopic
instrumentation, laparoscopic tower, pneumoperitoneum, electrosurgery and vessel
sealing, ergonomics, cholecystectomy, appendectomy and hernia repair), technical
skills training on a laparoscopic box trainer (peg transfer, cord placement, rubber band
placement and cutting; and cholecystectomy on a cadaver liver), after which they had a
hands-on interactive training session on a live anesthetized pig model (trocar positioning, cholecystectomy, appendectomy).

Intervention
The game-enhanced curriculum consisted of the regular BLTC, enhanced by two separate
30-minute sessions of serious gaming, containing an estimated 10 play sessions (Figure
1). The participants received an individual login and standardized instruction tutorial
before commencing the game. The control group followed the regular BLTC curriculum.
They had the opportunity to explore the laparoscopic tower during the intervention
group’s gaming sessions.

Serious game
The Situational Awareness Game (Weirdbeard B.V., Amsterdam, The Netherlands)
was designed to train surgical trainees in recognizing and responding to equipment
problems of the laparoscopic tower (Figure 2)8. Educational content included problem
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Lectures
Laparoscopic box trainer session
Randomization

Game enhanced curriculum

Regular curriculum

Practical teaching session

- Live anesthetized pig model

Practical teaching session
- Live anesthetized pig model

Test

Test

-

2x30 min serious game

- Live anesthetized pig model

- Live anesthetized pig model

Figure 1. Curriculum followed by both groups in the Basic laparoscopy course.

scenarios of screen and lighting (19), gas transport and pneumoperitoneum (5), electrosurgery (2) and pathophysiological disturbances related to MIS (2). The player plays
a popular digital entertainment game. The main objective in the game is to create rows
of three similar blocks (Figure 2, left). This task, although not requiring any professional
expertise, demands the player’s full attention. However, the laparoscopic tower is virtually embedded in the gameplay and in order to progress, one must be able to solve
laparoscopic equipment-related problem scenarios. The game screen relates to the
camera and lighting, handling blocks to the electrosurgical unit and the appearance of
the visual field to the pneumoperitoneum. Per three-minute game session, the player
encounters approximately six problem scenarios (Figure 2, centre). By pausing the game,
the player enters a ‘troubleshooting mode’ (Figure 2, right), in which a laparoscopic
tower is depicted, including Olympus Exera II CLV 180 lightsource, Olympus UHI-3 insufflator, Olympus Exera II CV-180 videoprocessor, EndoEYE HD Video Laparoscope and
Surgmaster UES-40 electrosurgical unit (all: Olympus co., Tokyo, Japan). The simulated
MIS unit in the game corresponds to the unit used in the BLTC.
By selecting the correct equipment and actions, the player can resolve the encountered problem, after which he or she can play again (and ‘score’ again). He or she receives
feedback and points after doing so correctly. The participants’ performance in the game
was measured through the amount of scenarios recognized and solved, the time required and the amount of correct / incorrect actions required to solve the problem.
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figure 2. The serious game (screenshots).
Left: Main screen, with mini-game (below), the patient’s vital signs, and a supervising surgeon (above).
Centre: During the mini-game, the player deals with problem scenarios that resemble real-live problems in
MIS, for example the darkened screen.
Right: After the player recognizes the problem scenario, he or she can solve it by selecting the correct action
on a simulation of the MIS equipment.

Outcome Assessment
All participants performed two standardized task on a live anesthetized pig model as the
primary surgeon, consisting of (1) searching the small bowel for a Meckel’s diverticulum
and (2) performing a biopsy of the parietal peritoneum. During their procedure, they
were assisted by two OR nurses and a camera navigator. Three standardized equipment
problem scenarios occurred: (1) failure of the insufflation and pneumoperitoneum, (2)
failure of the electrosurgical unit and (3) saturation change on the anesthesia monitor
(Table 1).
Primary outcome measures were the proportion of problems recognized and solved;
secondary outcome measure was the time required to do so. These parameters were
registered by an independent assessor, blinded to group allocation. Problem recognition was defined as the participant verbally or otherwise indicating that a problem had
occurred <2 minutes after onset of the “symptoms”, problem solving was defined as
solving it <2 minutes after problem recognition.
The participants’ technical skills were assessed by an experienced surgeon blinded to
group allocation, using an Objective Structured Assessment of Technical Skills (OSATS)
form. The participants received a standardized instruction before the test, during which
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Problem
scenario

Cause

Symptoms

Timing

Correct steps

(1) Insufflator
malfunction

Gas tank closed
upon start

- Alarm Insufflator (auditory) From start
- Loss pneumoperitoneum
- Insufflator gas bar empty

(2) Electrosurgery
malfunction

Patient
grounding plate
not fit

- Alarm (auditory)
- Electrocoagulation failure

- Check display
From start electroelectrosurgical unit
coagulation task (±3
- Check cables
mins)
- Check patient
grounding plate

(3) Pulse
saturation
change

Pulse oxymeter
not fit

- Auditory pulse signal fails
to appear
- Flat line anaesthesia
monitor

Simultaneous with
scenario #2

- Check insufflator
- Check gas tank
- Check gas tubes
- Check trocar
position and valves

- Check anaesthesia
monitor
- Check pulse
oxymeter

Table 1. Participants encountered three standardized problem scenarios during the final assessment.

they were told that they would be judged by technical skills assessment (OSATS). They
were instructed to use and coach the OR personnel present as they would normally do,
and talk aloud in case of trouble.

Sample Size
Prior to the trial, a pilot study was performed in which eight surgical residents with no
MIS experience as primary surgeon were assessed using the set-up described above. Using an alpha of 0.05, a power of 0.80, a population standard deviation (SD) of 0.186, and
an estimated effect size of 50%, the required size for each group was 12. The dropout
rate was estimated at 20%.

Statistical Analysis
Descriptive statistics were calculated for all variables. All data were not-normally distributed and thus Mann-Whitney U tests were applied to calculate the differences in the
primary and secondary outcome measures. Subgroup analyses were performed assessing the performance of both groups on the individual problem scenarios. Differences
were calculated using Pearson Chi-square tests. To estimate the learning curves during
the Game-enhanced curriculum group’s individual play sessions were calculated using
a random effects model.
Analyses were performed using the IBM Statistical Package for Social Sciences version
20 (IBM corp., Armond, NY, USA) and R version 2.15 (R Foundation for Statistical Computing, Vienna, Austria).
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Results
Participant characteristics
Thirty-one participants of the BLTC were randomized between May 2013 and April 2014.
In total, 24 completed the curriculum and the assessment according to protocol (n =
12 in both groups, Figure 3). For four participants, the test could not be completed due
to an incident at the test site closing down the facility. For a further three participants,
disturbances that occurred during the test were deemed to violate the protocol in terms
that heterogeneity of surgical circumstances to deviate beyond normal variability.
None of the participants had experience as primary surgeon in MIS. The gameenhanced curriculum group completed an average of 11.8 game sessions, relating
to about 60 minutes of gameplay. There were no differences between age, gender,
technical score (OSATS), postgraduate year or experience in conventional surgery.
The Regular curriculum group contained slightly more residents in their two-year
preparatory training for a specialty other than general surgery (e.g. orthopedic, plastic,
cardiothoracic surgery or urology). An overview of the demographic characteristics is
shown in Table 2.

Eligible
n = 31

Randomized
n = 31

Game-enhanced curriculum

Regular curriculum

Lost to follow-up

Lost to follow-up

-

-

n = 15

n=3

Test not completed (2)
Test not according to protocol(1)

Test completed
n = 12

n = 16

n=4

Test not completed (2)
Test not according to protocol (2)

Test completed
n = 12

Figure 3. Flowchart of the participants through the study protocol.
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Group Characteristics

Game-enhanced
curriculum

Regular curriculum

Group size

N

12

12

Age

Mean, SD

29.4 (± 1.7)

28.8 (± 1.2)

Gender

M

58.3%

58.3%

F

41.7%

41.7%

General Surgery

5

3

Preparatory training

7

9

Median, IQR

2.4 (2.2 – 3.2)

2.8 (2.2 – 3.2)

1

1

2

2nd

10

10

Residency curriculum
Technical skills (OSATS)
Postgraduate year

st

rd

3

1

0

Experience in MIS
(as primary surgeon)

None

12

12

Experience in conventional surgery
(as primary surgeon)
n = 21

None

3

3

1–20 procedures

5

4

21–50 procedures

4

2

Play sessions completed
(on serious game)

Mean, SD

11.8 (± 1.7)

-

Table 2. Demographic characteristics of the study population.
Preparatory training: two-year general surgical training incorporated in residency curricula of Orthopedic -, Cardiothoracic -, Plastic Surgery and Urology. IQR = Interquartile Range; MIS = Minimally Invasive Surgery; OSATS =
Objective Structured Assessment of Technical Skillls; SD = Standard Deviation

Primary outcome
The game-enhanced curriculum group recognized a median of 67% of the problems
(Interquartile range (IQR) 33 – 92%) compared to 42% (IQR 33 – 67%) in the Regular
curriculum group, (Figure 4, p = 0.14). The game-enhanced curriculum group solved a
median of 59% (IQR 33 – 67%) compared to 33% (IQR 8 – 33%) in the Regular curriculum
group (Figure 4, p = 0.03).

Subgroup analysis
The insufflator malfunction scenario was solved by 8/12 participants (67%) in the Gameenhanced curriculum group, compared to 3/12 participants (25%) in the Regular curriculum group (p = 0.06). The electrosurgery malfunction scenario was solved by 10/12
participants (83%) in the Game-enhanced curriculum group, compared to 8/12 participants (67%) in the Regular curriculum group (p = 0.35). Finally, the saturation change
scenario was solved by 2/12 participants (17%) in the Game-enhanced curriculum
group, compared to 0/12 participants (0%) in the Regular curriculum group (p = 0.14).
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Problems Solved

Problems Recognized

Figure 4. Boxplots depicting problems recognized and solved in Game-enhanced and Regular curriculum
groups. Boxes depict median and interquartile range, the error bars the 90% range.

Learning curve
The participants in the Game-enhanced curriculum group each completed a mean 11.8
game sessions (SD 1.7), in which they played a mean 63.9 problem scenarios (SD 13.0).
In the first four game sessions, they solved a mean 48.1% of the problems (SD 14.5); in
100

Problems solved (%)

80

60

40

20

0
0

5

10

15

Game session
Figure 5. Estimated learning curve of naïve players per game session.
Grey lines depict the estimated learning curves per participant (n = 12), black line depicts the estimated average.
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the second four sessions 54.5% (SD 9.9) and in the third four sessions 69.3% (SD 14.5).
Their learning curve during the game sessions was estimated using a linear regression
model with random intercepts (Figure 5). This shows a 2.3% improvement in proportion
of solved cases per three-minute session (p < 0.001). Within the Game-enhanced curriculum group, there was no significant correlation between the proportion of problems
solved in the game and the proportion problems solved in the post-test (Spearman’s rho
= −0.32, p = 0.31).

Discussion
This randomized controlled trial effectively demonstrates that one hour of practice on
a custom-made serious game results in an improved problem-solving performance
concerning equipment-related problems in the MIS theatre. The importance of training
laparoscopic equipment failure scenarios is emphasized by the relative poor performance
of the control group, showing that current laparoscopy training courses are insufficient
to train pupil’s ability to recognize and respond to non-routine events in the MIS environment. Participants in the game group were not only able to solve more equipmentrelated problems, they were also more likely to solve equipment failure problems that
did not occur in their area of focus (e.g. insufflation of the pneumoperitoneum and vital
parameters), indicating an improved situational awareness. This has considerable implications for both the surgical training curriculum and patient safety in the OR.
Serious gaming is an innovative training method that is currently being explored in
medical pre- and postgraduate training12–14. A well-designed serious game appeals to
the intrinsic motivation of the trainee to play, while educational content is fitted in a
subtle, ‘stealthy’ fashion15. Through repeated, voluntary interaction with the content,
games lead to experiential learning16. Although the effectiveness of serious games to
enhance ‘technical’ surgical skills has been shown in previous studies17–19, this is the first
study in which a serious game is systematically assessed for its capacity in training correct anticipation to non-routine adverse events in the surgical theatre.
Other studies have proven the effectiveness of serious games for laparoscopic
psychomotor skills training (‘technical’ skills). Jalink et al. compared performance of
surgeons and non-surgeons on a specifically developed Wii™-based serious game and a
laparoscopic box trainer, finding a significant, high correlation17. Badurdeen et al. found
similar correlations between performance on Wii™ based entertainment games and
laparoscopic box trainer scores18. Youngblood et al. compared training results of medical
students in trauma management between a serious game and patient simulator, finding
a significant, comparable improvement in skills in terms of a behavioral performance
evaluation scale20. To the knowledge of the authors, this study is the first to prove the
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effect of a serious game in terms of performance improvement in the surgical environment (i.e. predictive validity).
A second strength is that the serious game intervention was applied within the
regular curriculum. Participants in the control group participated in the customary BLTC,
which includes lectures on laparoscopic instrumentation and the laparoscopic tower.
These lectures include handling specific equipment-related problem scenarios. This
substantially increases the generalizability of the study results, whereas the systematic
game-enhanced curriculum and the regular curriculum are compared and not merely a
“trained” and a “non-trained” group.
A potential limitation to the study is the relatively high dropout rate (22,5%). Although
31 participants were initially recruited, only 24 completed the post-test according to
the protocol, equaling the minimum required number in the power analysis. A higher
inclusion number was deliberately obtained because of suspected high dropout rates
based on literature21. All participants failed due to logistical reasons and none refused
to partake in the test. The test protocol was complex, relying heavily on performance of
the study personnel in staging the test setting and equipment failure scenarios. This led
to protocol violations in three occasions. Ultimately, group sizes and baseline characteristics (technical performance, previous surgical experience and demographic characteristics) did not differ significantly. Selection bias due to dropout therefore seems limited.
A second limitation is that retention of learning in time was not measured. Due to
use of live animal models and participants in clinical employment in multiple teaching
hospitals, such a setting was considered not feasible.
The serious game used in this study is unique in terms that the gameplay resembles a
popular arcade-type animated game, in which important surgical content was embedded. Whereas most currently available medical serious games apply realistic graphical
simulations to mimic reality12, this animated approach has deliberately be chosen to
preserve interest of the player, which is especially novel to the field. It has been shown
that high graphical fidelity to the medical construct (e.g. near-perfect graphical depiction of the operation room) is not necessary to teach important medical content, as
long as the game’s functional fidelity (e.g. resemblance of important ‘cues’ in the action
or procedure) remains adequate22. This implies that future surgical training does not
necessarily have to take place in realistic e-learning or simulation modules, but could
be delivered through entertaining and attractively animated videogames. Simple and
compelling games are known to be fun, reinforcing and even addictive23. This aims to
captivate the user and improving interaction time.
The place of serious gaming in the surgical residency curriculum is somewhat ambiguous. Its main advantage is the ability to invoke ‘voluntary play’ by using motivational
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triggers such as competition and attractive gameplay10. This distinguishes serious games
from less challenging simulators, which are frequently left untouched by trainees, unless they are obligated24. As the optimal effect of serious games is reached through the
trainee’s intrinsic motivation (‘voluntary play’), ‘obligatory play’ of serious games in the
surgical curricula thus seems a contradiction in terms. However, because non-routine
events training carries clinical importance in terms of patient safety, the achievement of
a minimally required level of expertise for trainees seems inevitable.

Conclusions and recommendations
This randomized controlled trial shows that surgical trainees that follow a gameenhanced curriculum have a significantly higher ability to solve equipment-related
problems in the MIS theatre than surgical trainees that follow the regular curriculum.
Equipment failure is known to lead to procedural delays and represents a potential
threat to patient safety. Future research should determine the value of ‘voluntary play’
of serious games compared to an obligated minimally required level-of-performance,
and relate these findings to the long-term retention of performance.
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Abstract
Background: A serious game was developed to train surgical residents in clinical
decision-making regarding biliary tract disease. Serious or applied gaming is a novel
educational approach to postgraduate training, combining training and assessment
of clinical decision-making in a fun and challenging way. Although interest for serious
games in medicine is rising, evidence on its validity is lacking. This study investigates
face-, content-, and construct validity of this serious game.
Methods: Experts structurally validated the game’s medical content. Subsequently,
forty-one participants played the game. Decision scores and decision speed were compared between surgeons, surgical residents, interns and medical students, determining
the game’s discriminatory ability between different levels of expertise. After playing,
participants completed a questionnaire on the game’s perceived realism and teaching
ability.
Results: Surgeons solved more cases correctly (mean 77%) than surgical residents (67%);
interns (60%), master- (50%) and bachelor students (39%, p < 0.01). Trainees performed
significantly better in their second playsession than in the first (median 72% versus 48%,
p = 0.00). Questionnaire results showed that educators and surgical trainees found the
game both realistic and useful to surgical training. The majority perceived the game
as fun (91.2%), challenging (85.3%) and would recommend the game to educate their
colleagues (81.8%).
Conclusions: This serious game showed clear discriminatory ability between different
levels of expertise in biliary tract disease management and clear teaching capability. It
was perceived as appealing and realistic. Serious gaming has the potential to increase
adherence to training programs, both in surgical residency training and medical school.
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Introduction
Modern surgical training curricula aim to create surgical experts in a time- and costefficient manner1. The difference between non-experts and experts in surgery is the
latter’s ability to recognize and solve problems timely and adequately, the acquisition of
which requires prolonged deliberate practice2. Patent safety concerns limit possibilities
to train in everyday clinical practice and therefore, educators seek alternative methods2,3.
Whereas ‘technical’ surgical skills may be trained efficiently using simulators4; diagnostic
reasoning and problem-solving (e.g. at emergency department or ward) are largely
trained in the working place as few alternatives are currently known to exist.
Serious games are “interactive computer applications […] with challenging goals, that
are fun to play, and supply users with skills, knowledge or attitudes useful in reality”5.
A well-designed serious game combines psychological factors, design, and technology
to engage learners into voluntary training. Games have many effects on the brain, most
of which occur at a behavioural level. Serious gaming can influence the brain’s adaptive
neural plasticity, resulting in both structural6 and functional changes7. Hence, whereas
many may perceive video games as simply entertainment, they actually form a potent
tool for learning. Players are required to develop and test hypotheses to overcome a
given challenge, relating to experiential learning8,9. Serious games could thus serve as
a powerful tool for cognitive enhancement in surgical training by mimicking clinical
problem solving. To date, games training clinical decision-making outside the operating
room are novel and evidence remains scarce10.
A serious game was developed to train correct diagnosis and management of biliary
tract disease. The serious game is based on a quiz game, in which time-pressure and
competition is used to trigger the intrinsic motivation of the player11. When assessing
the value of a game as a serious training instrument, its validity is essential. This includes
face validity (degree of perceived resemblance between medical constructs represented
in the game and reality), content validity (degree to which game content covers the targeted medical construct) and construct validity (degree to which outcome parameters
can measure differences between experts and novices)12. This study hypothesized that
both surgeons and trainees would regard medical constructs to be represented realistically (face validity) and that surgeons would outperform trainees, indicating the game to
be both robust and believable (construct validity).
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Methods
Participants
Surgeons, surgical residents and medical students from an academic hospital were
recruited between September and November 2013. All 41 participants received a
standardized instruction tutorial, which did not involve education of surgical content.
Participants received a personal invitation with personal login code. Participants played
a minimum of one gaming session, averaging five minutes of playtime. Scores were
compared between groups of different levels of expertise: surgeons (licensed surgeon),
residents (surgical trainee), interns (has experience as physician at surgical wards, no
surgical training), master students (medical student in surgical clerkship), and bachelor
students (medical student, no clinical experience). After playing, participants filled out a
questionnaire. Questionnaire results were linked to performance results through login
code; results were assessed anonymously.

Serious Game
The serious game ‘Medialis’ (Little Chicken co., Amsterdam, The Netherlands) contained
cases on diagnosis and management of patients with biliary tract disease (Table 1). The
medical content was validated prior to the study. Four surgical residents (Postgraduate
Year 5,6) with experience in gastro-intestinal surgery (>50 laparoscopic cholecystectomies as primary surgeon) checked each case independently. Cases were evaluated and
were marked valid or invalid. When marked ‘invalid’, cases were removed or corrected.
Case

Case description

Question

Answer options

Score

Example 1

Laparoscopy Image shows enlarged,
hyperaemic gallbladder.

What is the
diagnosis?

1.

Cholecystitis

+1

2.

Porcelain Gallbladder

−1

3.

Cystic Duct

−1

4.

Liver Haemangioma

−1

1.

Cholecystolithiasis

+1

2.

Gastric Ulcer

−1

3.

Cholangitis

−1

4.

Acute Cholecystitis

−1

1.	Laparoscopic bile duct
exploration

0

2.

ERCP + Papillotomy

+1

3.

Percutaneous drainage

−1

4.

All possible

−1

Example 2

Example 3

Patient presents with pain in the right
upper abdomen. Lab results reveal
elevated Alkaline phosphatase and
Aspartate transaminase. Bilirubine and
C-reactive protein appear normal.

What is the
diagnosis?

MRI shows choledocholithiasis.

What is the
standard
treatment?

Table 1. Description of 3/97 cases. If solutions were correct, players received a point (+1). If solutions were
incorrect, players lost a point (−1). In case of a question that had ‘best’ and ‘next best’ solving strategies,
players did not gain nor lose points, when choosing the ‘next best’ strategy (0).
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Figure 1. The serious game (screenshots). The player is presented with a case (L) with four resolutions. After
making a choice, the player is presented with feedback (C), points and extra session time. After a session,
the player can review his or her statistics (R).

The results were re-checked by two surgeons (MS and SL) until all were considered valid.
The prototype was then tested for fluency, reading time and clarity of imaging.
The serious game contained 97 cases on cholecystolithiasis (15), laparoscopic cholecystectomy (15), bile duct injuries (9), biliary pancreatitis (8), choledocholithiasis (5),
cholecystitis (4), gallbladder carcinoma (5), adenomyomatosis (3), and a variety of minor
topics regarding biliary tract disease (33). Learning objectives concerned pathophysiological and epidemiological background, work-up, treatment and surgical management, based on the residency teaching curriculum13.
Cases consisted of an image, information describing a clinical problem, and possible
solutions (Figure 1). Participants solved as many cases as possible within one playsession. The player had a maximum of 10 seconds to solve each case. After each attempt,
players received feedback focused on their solution. Gaming mechanics included playing against time, competition and sharing highscores among players on popular social
platforms (‘leaderboards’) to increase players’ visibility and boost motivation. The latter
two options were turned off in this research phase, securing players’ anonymity. Participants’ performance was automatically measured through the following parameters:
correct, incorrect, or neither correct/incorrect solution (+1, −1, 0 points, resp.), time
required solving the case, total score and total play time.
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Questionnaire
The questionnaire (Google Docs, Google Inc. Mountain View, CA) contained items
on demographic characteristics (10), realism (5), educational and testing value (8),
perceived desirability and preferred user groups (7), perceived user experience (8) and
game implementation (5). A medical psychologist checked the items on formulation
and consistency. Participants could elaborate through open textboxes. Statements were
scored on five-point Likert scales (1 = ‘disagree’; 2 = ‘slightly disagree’; 3 = ‘neither agree
nor disagree’; 4 = ‘slightly agree’; 5 = ‘agree’). Results were compared between three
groups: expert (surgeons), surgical trainee (interns and residents) and novice (bachelor
and master students). A median score >3.49 was considered a positive opinion towards
the statement.

Statistical analysis
Performances of user groups with clinically relevant levels of expertise were compared
(surgeons, surgical residents, interns, master students, and bachelor students). Proportions of correctly solved cases and mean case time were compared with parametric and
non-parametric tests, respectively. Score improvements during repeated sessions were
compared through Wilcoxon signed rank testing. IBM Statistical Package for Social Sciences version 20 was used (IBM corp., Armond, NY, USA).

Results
Characteristics
The 41 participants completed a median of 70 cases (interquartile range (IQR) 39 - 87).
Demographic characteristics are described in Table 2. Age differences between the

Group Characteristics

Bachelor

Master

Intern

Resident

Surgeon

Group size

8

14

6

6

7

Age (Mean, SE)

20.7 (± 0.9)

23.9 (± 0.5)

28.1 (± 0.5)

31.0 (± 0.7)

40.3 (± 2.1)

33%

31%

67%

83%

71%

Gender

No. of patients with Biliary
tract Disease Treated (n)

Videogamer

Male
Female

67%

69%

33%

17%

29%

0

100%

77%

33%

0%

0%

1–100

0%

23%

67%

100%

29%

>100

0%

0%

0%

0%

71%%

Last month 50%

30%

0%

20%

40%

Past

40%

60%

100%

100%

83%

Table 2. Demographic characteristics of the participants. The groups were combined into students, trainees and experts for the face validity analysis.
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groups were statistically significant (one-way ANOVA with post-hoc Bonferroni, p <
0.01). A significantly higher proportion of master and bachelor students were female
(Chi-square compared to other groups, p = 0.03). There were no significant differences in
videogame experience between groups.

Face validity
Thirty-four participants completed the face validity questionnaire (one trainee and five
students failed to complete the questionnaire). The majority found the presentation of
images, radiology and clinical situations realistic (88.2%, 97.1% and 91.2%, respectively;
Table 3). In total, 60.6% stated that decisions in the serious game are based on realistic
elements and 66.7% found their clinical experience to be helpful.
Representation

Student (n= 17)

Trainee (n= 11)

Expert (n= 6)

Representation of … is realistic

Median P25

P75

Median P25

P75

Median P25

P75

… images

5,0

4,0

5,0

4,0

4,0

5,0

4,5

3,8

5,0

… radiology

5,0

4,0

5,0

4,0

4,0

5,0

4,0

4,0

4,3

… clinical situations

4,0

4,0

5,0

4,0

4,0

4,0

4,0

4,0

5,0

Decisions are based on
realistic cues

3,0

2,5

4,0

4,0

4,0

4,0

4,0

4,0

4,3

0.008

My experience helps me to
solve cases

3,0

2,0

4,0

4,0

4,0

5,0

5,0

4,8

5,0

0.001

P*

Table 3. Participants’ opinions on representation of important medical constructs in the serious game.
* Kruskal Wallis test.

The majority believed the serious game to be useful for learning disease background
(77.6%), decisions in work-up and treatment (82.4%) and peri-operative decisions
(64.7%), knowledge on medical technology (55.9%) and risk management (53.0%;
Table 4). Participants found it useful for testing clinical decision-making (76.5%) as well
monitoring trainees’ progress (64.7%). The majority considered training with this serious
game desirable (77.5%) and more fun than classical training (94.1%; Table 5). The majority of surgeons and residents found it useful for training students (58.9%) and residents
(94.1%). Surgeons found the serious game also useful for training surgeons (100.0%).
Interestingly, surgical residents disagreed with surgeons on this item (Kruskal Wallis,
p = 0.02).
The majority of gamers had enjoyed the game, considering it fun (91.2%) and challenging (85.3%). Furthermore, 44.1% said to have felt involved during game play (Table
6). The majority did not feel frustrated (55.9%), or bored (79.4%), whereas 44.1% did not
feel easily distracted. Experts and trainees found the serious game less frustrating than
novices (Kruskal Wallis, p = 0.07).
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Usefulness for learning

Novice (n= 17)

Intermediate (n= 11) Expert (n= 6)

Serious game enhances…

Median P25

P75

Median

P25

P75

Median P25

P75

… knowledge of disease
background

4,0

2,0

4,0

4,0

3,0

5,0

4,0

4,0

5,0

… knowledge on work-up and
treatment

4,0

3,0

4,5

4,0

4,0

4,0

4,5

4,0

5,0

… decisions in the OR

4,0

2,5

4,5

4,0

3,0

4,0

3,5

3,0

4,3

… social skills

2,0

1,0

2,0

2,0

1,0

2,0

2,5

1,0

3,3

… knowledge on medial
technology

4,0

2,5

4,0

3,0

2,0

4,0

4,0

3,8

4,3

… knowledge on risk
management strategies

4,0

2,0

4,0

4,0

3,0

4,0

3,5

3,0

4,0

…clinical decision making

4,0

3,0

4,0

4,0

3,0

5,0

4,0

4,0

4,3

… progress of the trainee

4,0

3,0

4,0

4,0

3,0

4,0

4,0

3,8

4,0

P*

Usefulness for Testing
Serious game is useful for testing…

Table 4. Participants’ opinions on teaching and testing capability.
* = Kruskal Wallis test.
Purpose

Students (n= 17)

Trainees (n= 11)

Experts (n= 6)

Training with the serious game is…

Median P25 P75

Median P25 P75

Median P25 P75

… purposeful

2,0

1,0

3,0

2,0

1,0

2,0

1,5

1,0

2,0

… desirable

4,0

3,5

4,0

3,0

3,0

4,0

4,0

4,0

4,0

… more efficient than with other
methods

3,0

3,0

4,0

3,0

3,0

3,0

4,0

3,0

4,0

… more fun than with other methods 4,0

4,0

5,0

4,0

4,0

5,0

5,0

4,0

5,0

… useful for Students

3,0

1,5

4,5

3,0

4,0

4,0

4,5

2,0

5,0

… useful for Residents

4,0

4,0

5,0

4,0

4,0

5,0

5,0

5,0

5,0

… useful for Surgeons

4,0

3,0

5,0

2,0

2,0

3,0

4,5

4,0

5,0

P*

0.02

Table 5. Participants’ opinions on teaching capability.
* = Kruskal Wallis test.
User Experience

Student (n= 17)

Trainees (n= 11)

Experts (n=6)

Serious game is…

Median

P25 P75

Median

P25 P75

Median

P25 P75

… fun

4,0

4,0

4,0

4,0

4,5

4,0

4,5

5,0

P*
5,0

… frustrating

3,0

2,0

4,0

2,0

1,0

2,0

2,5

2,0

3,0

… challenging

4,0

4,0

4,0

4,0

4,0

4,0

4,0

4,0

5,0

… addictive

3,0

2,0

4,0

3,0

2,0

4,0

2,5

2,0

3,0

… boring

2,0

2,0

2,0

2,0

2,0

3,0

1,0

1,0

1,0

Participant was involved during
gameplay

3,0

3,0

4,0

3,0

2,0

4,0

4,0

3,0

4,0

Participant was easily distracted
during gameplay

3,0

2,0

3,5

3,0

2,0

4,0

2,0

2,0

3,0

Table 6. Participants’ opinions on user experience during gameplay.* = Kruskal Wallis test.
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Applicability

Student (n= 17)

Trainee (n= 11)

Expert (n=6)†

P*

The serious game…

Median P25 P75

Median P25 P75

Median P25 P75

… is an addition to the surgical
curriculum

4,0

4,0

4,0

4,0

3,0

4,0

4,5

4,0

5,0

… should be obligated in surgical
training

3,0

2,0

3,0

2,0

2,0

3,0

3,0

3,0

3,0

… is NOT useful to patient safety

3,0

2,0

3,0

2,0

2,0

3,0

1,5

1,0

2,0

Participant would play during free
time

4,0

3,0

4,0

3,0

2,0

4,0

4,0

3,0

5,0

Participant would recommend to
colleagues

4,0

4,0

4,5

3,0

4,0

4,0

4,0

4,0

5,0

Table 7. Participants’ opinions on the serious game’s implementation.
* = Kruskal Wallis test. † = 1 participant lost follow-up due to technical problems during assessment

The majority of participants considered the serious game an addition to regular surgical training (79.4%), although not in obligatory fashion (Table 7). The majority (81.8%)
would recommend it to colleagues and 58.8% would play in their free time. A majority
(55.9%) considered it a useful contribution to patient safety.
Surgeons were overall more positive (median 3.89, IQR 0.47) on the game than residents (median 3.57, IQR 0.39) and students (median 3.68, IQR 0.82; Kruskal-Wallis, p =
0.04). The student group showed a wider range in attitudes than other groups.

Construct validity
All participants completed the first playsession, 22 completed a second (5 residents, 2
interns, 8 master students and 7 bachelor students) and 10 completed a third (3 residents, 1 intern, 3 master- and 3 bachelor students).
Figure 2 shows the combined proportion of correct and not correct/incorrect choices
in first session for each study group. Surgeons (mean 0.77, SD 0.09) solved more cases
than residents (mean 0.67, SD 0.05), interns (mean 0.60, SD 0.09), master students (mean
0.50, SD 0.10) and bachelor students (mean 0.39, SD 0.03). One-way ANOVA with posthoc Bonferroni correction showed differences between surgeons versus interns, master- and bachelor students to be statistically significant (p < 0.01). Differences between
residents versus master- and bachelor students were statistically significant (p < 0.01),
as well as differences between interns and bachelor students and differences between
master and bachelor students (p = 0.00 and p = 0.035, resp.).
Figure 3 shows the average time required by participants to solve first session-cases.
Surgeons required a median of 8.47 s (IQR 0.72), residents 8.41 s (3.16 IQR), interns 7.71
s (4.02 IQR), master students 8.99 s (1.66 IQR), and bachelor students 8.20 s (2.26 IQR).
Differences were not significant (Kruskal Wallis, p = 0.73).
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1,00

Proportion correct

,80

,60

,40

,20

,00

Bachelor

Master

Intern

Resident

Surgeon

Figure 2. Proportion of correctly and not-incorrectly resolved cases (combined) of participants’ first session
on the serious game (n = 41).

Page 1

Figure 3. Participants’ mean time necessary to resolve a case during the first session of serious gaming
(n = 41).

Figure 4 shows that participants improved their performance in their second gaming session (median proportion of 0.72 (IQR 0.23), compared to 0.48 (IQR 0.22) in the
first (Wilcoxon signed rank, p = 0.000)). Intra-group comparison showed a statistically
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Figure 4. Proportion of correctly and not-incorrectly resolved cases (combined) in the first and second
round of serious gaming (n = 22).

significant improvement within two sessions for residents (median 0.66 (IQR 0.10) in
session 1; 0.84 (0.21) in session 2; p = 0.043), master students (median 0.48 (IQR 0.19) in
session 1; 0.77 (0.13) in session 2; p = 0.012), and bachelor students (median 0.38 (IQR
0.04) in session 1; 0.56 (0.23) in session 2; p = 0.043).

Discussion
Valid serious games have the potential to shorten surgical trainees’ learning curves in
clinical reasoning and problem solving, increasing time-efficiency in surgical training.
They provide direct feedback on decisions made by the player by distributing rewards
and punishments. They assist in learning at different paces, and allow practice to the
point of mastery and automaticity. Repetition is a precondition for long-term potentiation. Whereas gamers repeat actions as they play, their strengthening of synaptic
connections induces memory storage and learning. ‘Medialis’ is the first serious game to
show face-, content- and construct validity for training clinical decision-making relevant
to surgeons outside the operation theatre. Quality of decision-making appears to be a
valid assessment parameter in the game (proportion correct), whereas the time required
to solve cases is not.
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According to the study results, serious gaming could be of considerable use to younger
surgical residents, enhancing their level of functioning and saving valuable time that
can be spent otherwise, such as in surgery itself. Moreover, structured assessment of
skills and competencies is becoming more relevant to modern curricula. New curricula
have introduced systems of entrustable professional activities (EPAs) and statements of
awarded responsibility (STARs) to measure and assess trainee’s competencies in specific
clinical activities14,15. A serious game that validly measures specific levels of competencies could facilitate this entrustment process. Such serious games could also play a role
in training and (re-) certification of surgical specialists.
Learning in serious games is based on two principles. Gameplay closely mimics problemsolving required in diagnostic and therapeutic reasoning (i.e. testing and re-adjusting
hypotheses), thereby leading to experiential learning8,9. Learning in this study does
occur over time, whereas participants significantly increase their scores in consecutive
sessions. Secondly, high levels of engagement in gameplay are thought to draw players
into a state of ‘flow’9. As such, players are completely absorbed, ignoring all external
stimuli and focusing their attention solely on the gameplay, and thus on prolonged
deliberate practice9. Flow occurs most when the level of difficulty is adjusted optimally
to the level of skill of the player. Results show that this serious game complies with these
principles, as 44% of participants feel engaged when gaming (67% of the surgeons),
even though two of the main competitive game mechanics were turned off during the
study. Of the students, 8/17 found the game frustrating (compared to 1/11 trainees and
1/6 experts). According to the ‘flow theory’, the level of difficulty is too high for some
students, which could be adjusted by incorporating difficulty levels.
The majority of both surgical residents and surgeons has experience with videogames,
and are therefore likely to embrace using videogames in surgical training. Players are
enthusiastic about dealing with everyday medical content in an engaging way. Positive
statements by experienced users indicate that serious games have the potential to overcome the appreciation problems of simulators in surgical training. Although generally
considered to be both efficient and attractive in teaching surgical skill, residents do not
practise voluntarily on simulators in their free time16.
Serious games currently experience a development surge, even though randomized
trials on learning outcome of individual games remain scarce10,17. Recent studies show
promising use of game mechanisms optimizing adherence to surgical skills training.
Verdaasdonk et al. show that ‘gamifying’ simulator exercises by adding real-time competition and reward systems, significantly increases exposure time and determination to
play in 31 surgical professionals11. Badurdeen et al. show that performance of 20 surgical
trainees on commercially developed, ‘off-the-shelf’ videogames with motion-sensing
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controllers (Nintendo Wii™), correlates with laparoscopic simulator performance18. Jalink
et al. show that altering the software of laparoscopic simulators into a custom-made videogame environment, controlled by laparoscopic handles, shows similar correlations19.
Next to training technical skills, this study is the first to describe a serious game’s value
for training clinical disease-specific decisions outside the operation theatre.

Limitations
Analysis of subjective opinions may induce a Hawthorne effect. Exposure to questioning
could have affected participants’ behaviour and thus manipulated results20. By distributing questionnaires and game access online anonymously, social desirability effects have
been partially dealt with. Secondly, a power analysis could not be performed beforehand because an estimated effect size from previous research was lacking. Therefore,
lack of power cannot be excluded. The magnitude of differences in performance and
limited variances within experienced groups ensured statistical significant differences
in this study.
Thirdly, a limitation of the face validity test is the relatively high loss of participants
who failed to complete the questionnaire (one expert, one trainee and five students).
In face validity testing, the opinions of experts and trainees are considered most important. Fall out in these groups was relatively limited. Gender differences between the
groups are in conformity with the gender proportions in the general medical student
population21, the surgical trainee population and surgeons11,19.

Conclusion
This study is the first of its kind to demonstrate face-, content-, and construct validity of
a medical serious game on clinical decision-making. It indicates the potential ability of
Medialis to train and assess surgical trainees and professionals in an entertaining way.
Future research should determine long-term sustainability of learning outcomes and
transfer of skills to clinical practice. Considering the enthusiasm of licensed surgeons,
the alleged ‘digital gap’ between surgical residents and surgeons on mHealth applications appears to be closing fast.
Acknowledgments: The authors wish to thank Dr. J. Diks, Dr. P.J. van Koperen, Dr. R.A. Matthijsen, Drs. B.
Mirck and Mrs. N. Henning (Dept. of Surgery, Academic Medical Centre, Amsterdam) for contributing to the
content validation.
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Abstract
Background: Untrained laparoscopic camera-assistants in minimally invasive surgery
(MIS) may cause suboptimal view of the operating field, thereby increasing risk for errors. Camera navigation is often performed by the least experienced member of the operating team, such as inexperienced surgical residents, operation room (OR) nurses and
medical students. The two last mentioned key user groups are currently not included
in structured laparoscopic training programs. A new virtual reality laparoscopic camera
navigation (LCN) module was specifically developed for these key user groups.
Methods: This multicenter prospective cohort study assesses face- and construct validity of the LCN module on the Simendo™ VR simulator. Face validity was assessed through
a questionnaire on resemblance to reality and perceived usability of the instrument
among experts and trainees. Construct validity was assessed by comparing scores of
groups with different levels of experience on outcome parameters of speed and movement proficiency.
Results: Results show uniform and positive evaluation of the LCN module among expert
users and trainees, signifying face validity. Experts and intermediate experience groups
performed significantly better in task time and camera stability during three repetitions,
compared to the less experienced user groups (p < 0.007). Comparison of learning
curves showed significant improvement of proficiency in time and camera stability for
all groups during three repetitions (p < 0.007).
Conclusion: Results of this study show face- and construct validity of the LCN module.
The module is suitable for use in training curricula for OR nurses and novice surgical
trainees, aimed at improving team performance in MIS.
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Introduction
Lack in experience is a major cause of errors and surgical complications1. Surgical
residency training programs increasingly recommend trainees to complete a virtual
reality (VR) simulation training before they participate in minimally invasive surgical
(MIS) procedures2. Camera handling in MIS can wrongly be perceived as an easy skill
and is frequently entrusted to the least experienced member of the operating team,
including operating room (OR) nurses and medical students. These groups do currently
not receive any structured MIS psychomotor skills training. Rotation of the field of view
due to suboptimal camera handling negatively influences operative speed and number
of errors3;4. Following the commitment to reduce preventable errors in surgery, training
all members of the surgical team is viewed as the next logical step by legislators5.
Laparoscopic camera navigation (LCN) requires specific psychomotor abilities, including centring the operative range of vision, maintaining a correct horizontal axis and
tracking moving instruments whilst simultaneously stabilizing the scope. Furthermore,
angled scopes are used in advanced procedures, requiring specific orientation skills.
Currently, no established or accepted LCN curricula for this purpose are in use. Laparoscopic training courses for OR nurses, such as the European Institute for TeleSurgery
(EITS) course, primarily teach relevant knowledge on laparoscopic surgery and equipment combined with only a brief introduction to handling on a box trainer6.
VR simulators are effective in off-site training of basic laparoscopic psychomotor
skills7–9. Although basic skills curricula frequently include simple camera navigation
exercises, these skills curricula do not focus on camera navigation alone10. Therefore,
a specified LCN module for novice laparoscopists on the Simendo™ VR simulator (Simendo B.V., Rotterdam, The Netherlands) was therefore developed11;12. This module can
be applied in structured training programs for all members of the MIS operating team,
including surgical residents, OR nurses and medical students13.
Prior to implementation of any teaching instrument, validation is mandatory14;15. Faceand construct validity are important testing stages. This study aims to evaluate the LCN
module according to the following hypotheses: (1) groups of laparoscopic trainees and
laparoscopic experts give a uniform and positive evaluation of its resemblance to reality
and usability (face validity); and (2) the instrument can measure inherent difference in
performance of groups with different experience in MIS (construct validity).
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Methods
Participants
Sixty subjects from various user groups were asked to participate in a multicentre
prospective cohort study. Participants included licensed surgical specialists, surgical
residents, OR nurses with experience in MIS and medical students. Participants were
grouped according to experience with MIS according to the criteria described in the
following sections and were recruited through the departments of general surgery and
gynaecology in two teaching hospitals. None of the subjects had previous experience
with the module. The number of participants was powered on an estimated effect size
of 0.33, requiring a minimum of 12 participants per group.

Materials and Techniques
The Simendo™ LCN module consists of one hardware instrument, a simplified version of
a standard laparoscopic camera, and a software interface that can be installed on a regular PC or laptop (Figure 1)16. The camera handle is retractable and able to rotate. Rotating
the handle controls the 30 degrees angled view whereas the light cable remains its point
of orientation. The module consists of six exercises, described in Table 1. Examples of the

	
  Figure 1. The Laparoscopic Camera Navigation module (screenshots).

Right: The VR simulator set-up, depicting a camera controller handle plugged into a standard PC desktop.
Left (upper): a screenshot of Exercises 2 (Aim)
Left (lower): a screenshot of Exercise 4 (6 Boxes).
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Exercise Name

Exercise Description

Exercise goal

(1) Touch

Touch 12 targets appearing randomly the upper
abdomen with a grasper.

Basic coordination

(2) Aim

Aim a 0o endoscope at 12 targets appearing randomly
in the upper abdomen.

Basic coordination, handling a 0o
endoscope

(3) 4 Boxes

Aim a 30o endoscope at targets in 4 boxes different
placed in different angles

Basic handling of a 30o endoscope

(4) 6 Boxes

Aim a 30o endoscope at targets in 6 boxes different
randomly placed in different angles

Basic handling of a 30o endoscope

(5) Trace

Trace a target around the gall bladder with a 30o
endoscope

Basic handling of a 30o endoscope

(6) Choice

Aim a 0o or 30o endoscope at 4 targets and decide
which scope is provided (answer question)

Basic handling of a 0o and 30o
endoscope

Table 1. Description of exercises in the LCN module.

exercises are shown in Supplementary Videos 1 to 6. The first exercise is an introductory
exercise in which the camera instrument is used as grasper (Touch). The second exercise
uses a 0o camera (Aim), the third, fourth and fifth exercises use a 30o camera (4 Boxes,
6 Boxes, Trace) and the last exercise of the curriculum (Choice) uses a 0o or 30o camera
randomly.

Face Validity
Opinions on the instruments resemblance to reality were assessed and compared
between experts (the educators) and trainees (all other lesser experienced users) in
MIS. Trainees were defined as having performed ≤100 procedures as leading surgeon in
MIS, having participated as camera navigator only or having no experience in MIS at all.
Experts were defined as having performed >100 procedures in MIS as leading surgeon17.
All participants in the study filled out a questionnaire after completing the LCN
curriculum. The questionnaire contained 111 short items, including an inventory on
basic characteristics, experience in MIS, experience in MIS training outside the OR and
experience with videogames, as this may influence performance on VR simulators18. Per
exercise, questions on realism of graphics, camera movement and camera range, ability
to aiming, zooming and stabilizing the scope, level of difficulty and usefulness were
presented on a 10 cm Visual Analogue Scale, ranging from “fully disagree” at 0 cm to
fully agree” at 10 cm. Marks at 6.0 cm or beyond were considered as positive judgement
toward the questionnaire statement. Furthermore, the questionnaire contained items
on usability of the module as a whole and its place in current teaching curriculum, as
well as an open inventory for additional comments.
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Construct validity
The participants were divided into groups with different levels of experience in order
to measure the instruments’ discriminatory ability. Novices: no experience with MIS.
Camera Navigation only: experience with camera handling in MIS. Intermediate: leading
surgeon in MIS (<100 procedures). Experts: leading surgeon in MIS (>100 procedures).
After a standardized instruction, all participants performed three consecutive repetitions of the six exercises in the LCN curriculum. One repetition consisted of the complete
execution of exercises 1 to 6 (Table 2). The software interface measured four parameters.
Task time was defined as the time span necessary to complete the exercise (in seconds).
Number of collisions was defined as impact in a structure other than the target (in numbers). Path length was defined as path length of instruments other than laparoscopic
camera (in arbitrary units). This parameter is used in Exercise 1 only (Table 2). Camera
stability referred to the reversals made by the camera (in numbers). A small number of
camera reversals indicated a stable field of vision. Learning curves were calculated to
assess progress of the trainees during three repetitions.
Characteristics

Group
Trainee

Expert

Novice

Cam Nav Only

Intermediate

19

16

9

16

Medical student

15

0

0

0

OR nurse

3

12

0

0

Resident

1

4

8

2

Specialist

0

0

1

14

Specialty
(if relevant)

Surgery

0

0

2

10

Gynaecology

1

4

7

6

Age

(Mean)

25

34

31

42

Gender

Female

68%

94%

67%

20%

Male

32%

6%

33%

80%

Left

11%

13%

11%

0%

Right

84%

87%

89%

94%

Ambidextrous

5%

0%

0%

6%

5%

56%

89%

81%

16%

50%

78%

75%

0%

6%

11%

94%

N
Function

Hand dominance

Laparoscopic
Box trainer
training experience VR simulator
Animal model

Table 2. Group characteristics. Measurements in numbers, unless stated otherwise
Abbreviations: Cam Nav = Camera navigation; OR = Operation Room; VR = Virtual Reality
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Statistical analysis
Measurements were recorded and analyzed with Statistical Package of Social Software
(SPSS version 16.0.2 for Windows, Released Apr 2008, SPSS Inc., Chicago, IL).
Face validity. Results were compared between trainee and expert groups with a nonparametric test (Mann Whitney U) when relevant. Statistical significance was considered
at p < 0.05. Observer reliability was calculated for the items on resemblance to reality of
graphics, camera movements and camera range that were repeated per exercise, using
Cronbach’s alpha.
Construct validity and learning curves. Measured parameters for four groups with
varying level of experience were summarized per repetition and compared using nonparametric tests (Kruskal Wallis test with post-hoc Mann Whitney U test and Bonferoni
correction for multiple testing). Measured parameters were analyzed for intragroup
comparison per repetition to assess the learning curve, using non-parametric tests
(Friedman test with post-hoc Wilcoxon signed rank test and Bonferoni correction for
multiple testing). Statistical significance was considered at p ≤ 0.007.

Results
Face validity
Table 2 depicts demographic characteristics and prior experience per study group. None
of the participants were excluded from analysis. Table 3 represents the opinions towards
the instruments’ resemblance to reality. The internal consistency of the questions repeated per exercise was good to excellent (Cronbach’s alpha >0.8, >0.9 respectively).
The overall judgements on realism of graphics, camera movements and camera range
were positive (median >6.0). No significant differences between experts and trainees
were measured.
Table 4 gives an overview of the statements per exercise. Both expert and trainee
groups thought the exercises to be able to teach camera handling, aiming, zooming
and stabilizing. Overall level of difficulty was deemed adequate, with the exception of
Exercise 6 (too easy).
Table 5 gives an overview of the judgements on the usability of the LCN module as a
whole. Experts and trainees considered the module to be useful to adopt in OR nurse
training curricula, curricula for medical students in their surgical clerkships and surgical
residency curricula. Participants considered the LCN module a useful addition to basic
skills curricula on VR simulators.
In the open inventory, seven participants stated lack of realism in graphics and
anatomy. Also, seven participants stated a difficulty in moving the instrument through
the neutral position.
143

8

Chapter 8

Ratings
1 = Fully disagree
10 = Fully agree

Total

Trainee

Med IQR

N

P† Consistency

Expert

Med IQR

N

Cronbach’s
alpha ‡

Med IQR

Realistic graphics

6.3

4.5 - 7.3

44 6.3

4.6 - 7.2

16 6.2

3.9 - 7.6

0.93

Importance realistic graphics

7.3

3.8 - 8.0

44 7.2

3.6 - 7.8

15 7.4

5.2 - 8.3

0.95

Realism camera movement

7.3

6.4 - 7.6

44 7.3

6.4 - 7.6

16 7.1

6.1 - 7.5

0.82

Importance realism camera
movement

7.9

7.4 - 9.4

44 7.9

7.3 - 9.5

16 7.9

7.5 - 8.9

0.90

Realism camera range

7.0

5.9 - 7.5

44 7.1

6.5 - 7.4

16 6.6

4.9 - 7.9

0.88

Importance realism camera range 7.9

7.4 - 9.4

44 8.0

7.4 - 9.5

16 7.8

7.3 - 9.1

0.91

Table 3. Statements of experts and trainees on resemblance of the LCN module to reality
Med = Median IQR = Interquartile range (P25 – P75)
† Mann Whitney U test (expert vs. trainee) when considered relevant
‡ Cronbach’s alpha for consistency in repeated question (total n of repeated questions in calculation)

P†

Total

Trainee

Med IQR

N

Med IQR

N

Med IQR

Learns to handle instrument

7.4

7.0 - 7.9

44

7.4

7.2 - 7.8

16

7.4

5.4 - 8.1

Learns to aim instrument

7.5

7.2 - 8.1

44

7.4

7.2 - 8.1

16

7.8

7.0 - 8.4

Exercise is too difficult

2.3

0.4 - 2.6

44

2.3

0.4 - 2.7

16

2.4

0.8 - 2.6

Exercise is too easy

4.0

2.5 - 6.2

44

3.8

2.5 - 6.9

16

4.4

2.5 - 5.2

Exercise is useful for camera training

7.4

7.0 - 8.7

44

7.4

6.8 - 8.7

16

7.5

7.0 - 8.9

Exercise is useful introduction

7.5

7.2 - 9.7

42

7.6

7.2 - 9.8

13

7.4

7.2 - 8.6

Learns to handle endoscope

7.6

7.3 - 8.8

43

7.7

7.3 - 8.8

16

7.6

7.2 - 9.0

Learns to aim endoscope

7.9

7.4 - 9.1

44

7.9

7.4 - 9.0

16

7.9

7.4 - 9.5

Learns to stabilize endoscope

7.8

7.3 - 9.2

44

7.8

7.2 - 9.4

16

8.0

7.5 - 8.9

Learns to zoom endoscope

7.4

6.0 - 8.2

44

7.6

7.0 - 8.8

16

6.2

3.9 - 7.6

Exercise is too hard

2.3

0.9 - 3.0

44

2.2

0.8 - 3.0

16

2.6

1.8 - 3.0

Exercise is too easy

3.0

2.5 - 5.0

44

3.8

2.5 - 5.9

16

2.7

2.5 - 5.0

Exercise is useful for camera training

7.5

7.3 - 8.8

44

7.4

7.3 - 8.8

16

7.5

7.2 - 8.7

Learns to handle endoscope

7.6

7.3 - 8.8

44

7.6

7.3 - 8.7

16

7.5

7.3 - 8.9

Learns to aim endoscope

7.6

7.3 - 8.6

44

7.8

7.3 - 8.7

16

7.3

6.8 - 8.5

Learns to handle 30 deg endoscope

7.7

7.3 - 9.1

44

8.0

7.3 - 9.5

16

7.5

7.2 - 8.9

Exercise is too hard

2.8

2.1 - 5.1

44

4.4

2.2 - 5.8

16

2.5

2.0 - 4.6

Exercise is too easy

2.8

2.2 - 5.0

44

2.8

2.2 - 4.9

16

2.8

2.3 - 5.2

Exercise is useful for camera training

8.0

7.5 - 9.6

44

8.2

7.5 - 9.8

16

7.6

7.3 - 9.5

Ratings
1 = Fully disagree
10 = Fully agree

Expert

Exercise 1 ‘Touch’

Exercise 2 ‘Aim’

0.02*

Exercise 3 ‘4 Boxes’
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P†

Total

Trainee

Med IQR

N

Med IQR

N

Med IQR

Learns to handle endoscope

7.5

7.4 - 9.0

44

7.8

7.4 - 9.2

15

7.5

7.0 - 8.0

Learns to aim endoscope

7.7

7.3 - 8.8

44

7.8

7.4 - 9.1

16

7.5

7.0 - 8.0

Learns to stabilize endoscope

7.5

7.2 - 8.0

44

7.5

7.3 - 8.0

16

7.4

4.7 - 8.4

Learns to zoom endoscope

7.5

7.0 - 8.2

44

7.5

7.1 - 8.2

16

7.4

5.5 - 8.1

Learns to handle 30 deg endoscope

7.7

7.4 - 8.4

44

7.7

7.4 - 8.2

16

7.7

7.5 - 8.5

Exercise is too hard

2.7

2.2 - 4.7

44

2.6

2.2 - 4.4

15

3.2

2.1 - 6.0

Exercise is too easy

2.8

2.5 - 5.0

44

3.2

2.5 - 5.0

16

2.7

2.5 - 4.8

Exercise is useful for camera training

7.6

7.3 - 9.4

44

7.8

7.4 - 9.7

16

7.4

7.0 - 8.0

Learns to handle endoscope

7.7

7.3 - 8.3

44

7.6

7.3 - 8.3

16

7.8

7.3 - 9.4

Learns to aim endoscope

7.8

7.3 - 9.4

44

7.8

7.3 - 9.1

16

8.0

7.3 - 9.7

Learns to stabilize endoscope

7.4

7.1 - 8.1

44

7.5

7.2 - 8.4

16

7.3

5.4 - 7.9

Learns to zoom endoscope

7.6

7.2 - 8.6

44

7.6

7.2 - 8.6

16

7.4

6.2 - 8.9

Learns to handle 30 deg endoscope

8.3

7.5 - 9.5

44

8.3

7.6 - 9.4

16

8.4

7.3 - 9.7

Exercise is too hard

3.3

2.1 - 6.0

44

3.4

2.0 - 6.9

16

3.0

2.3 - 5.2

Exercise is too easy

2.6

2.4 - 4.6

44

2.7

2.5 - 4.8

16

2.6

1.2 - 4.2

Exercise is useful for camera training

7.6

7.4 - 9.1

44

7.6

7.4 - 9.4

16

7.6

7.0 - 9.1

Learns to handle endoscope

7.2

6.2 - 7.9

44

7.4

6.4 - 8.2

16

7.0

5.6 - 7.3

Learns to aim endoscope

7.2

6.6 - 7.8

44

7.3

6.3 - 8.1

16

7.0

6.6 - 7.3

Learns to stabilize endoscope

7.0

5.0 - 7.6

44

7.2

5.3 - 7.9

16

6.4

2.6 - 7.1

Learns to zoom endoscope

7.3

6.4 - 7.9

44

7.4

6.8 - 8.3

16

7.0

5.6 - 7.4

Learns to handle 0 deg scope

7.2

5.0 - 7.8

44

7.4

5.0 - 8.1

15

7.0

4.7 - 7.5

Learns to handle 30 deg scope

5.6

2.7 - 7.5

43

6.2

2.6 - 7.5

15

5.0

2.7 - 7.4

Exercise is too hard

2.5

0.6 - 2.7

43

2.5

0.8 - 2.7

16

1.4

0.2 - 2.6

Exercise is too easy

5.0

2.8 - 7.7

43

5.0

2.8 - 7.6

16

7.2

2.8 - 7.9

Exercise is useful for camera training

7.2

4.0 - 8.3

43

7.3

4.0 - 8.6

16

6.1

4.0 - 7.4

Ratings
1 = Fully disagree
10 = Fully agree

Expert

Exercise 4 ‘6 Boxes’

Exercise 5 ‘Trace’

Exercise 6 ‘Choice’

0.04*

8

Table 4. Statements of experts and trainees on individual exercises in the LCN module.
Med = Median; IQR = Interquartile range (P25 – P75)
† Mann Whitney U (expert vs. trainee) when considered relevant
* p < 0.05

Construct validity
Figure 2 shows the results of the four groups per outcome parameter (time, stability,
collisions and path length) during three consecutive repetitions. Total task time varied
significantly between the groups for all three repetitions independently (Kruskal-Wallis,
p = 0.00; p = 0.00; p = 0.00, respectively). The novice and camera navigation only groups
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Ratings
1 = Fully disagree
10 = Fully agree

Total

Trainee

Expert
(>100 x leading
surgeon)

Med

IQR

N

Med

IQR

Med

IQR

LCN Module useful for teaching
camera navigation

7.5

7.3 - 9.4

43

7.7

7.3 - 9.7 16

7.4

7.2 - 8.2

LCN Module useful for testing camera 7.3
navigation

6.8 - 7.6

43

7.3

7.0 - 8.3 16

7.2

6.3 - 7.5

LCN Module useful for teaching
students

7.6

7.2 - 9.3

43

7.6

7.2 - 9.6 16

7.4

5.7 - 8.3

LCN Module useful for testing
students

6.3

4.0 - 7.5

43

7.2

4.9 - 7.5 16

5.0

2.8 - 7.5

LCN Module useful for teaching OR
assistants

7.6

7.1 - 9.2

43

7.5

7.1 - 9.0 16

7.6

7.3 - 9.4

LCN Module useful for testing OR
assistants

7.5

5.3 - 9.4

43

7.5

5.2 - 9.7 16

7.6

7.3 - 9.1

LCN Module useful for teaching
surgical residents

7.6

7.0 - 9.0

43

7.6

6.8 - 9.0 16

7.6

7.4 - 9.4

LCN Module useful for testing surgical 7.5
residents

5.0 - 9.3

43

7.5

5.0 - 8.2 16

7.6

6.6 - 9.5

N

P†

LCN Module easy to use

8.0

7.5 - 9.5

43

8.0

7.5 - 9.5 16

7.8

7.3 - 9.3

VR simulator is ergonomically
favourable

7.5

4.7 - 8.0

43

7.5

5.1 - 8.2 16

6.8

3.2 - 8.0

Expected Cost-effectiveness of LCN
Module

7.5

5.0 - 8.0

43

7.5

5.1 - 8.1 16

6.1

4.6 - 7.9

LCN Module complimentary to basic
skills curriculum *

7.4

5.6 - 7.6

9

7.2

4.6 - 8.2 8

7.4

5.6 - 7.6

LCN Module complimentary to
intermediate skills curriculum *

5.0

2.6 - 7.3

9

2.8

1.2 - 6.8 8

5.6

5.0 - 7.5 0.15

Table 5. Statements of experts and trainees on usefulness of the LCN module
Med = Median; IQR = Interquartile range (P25 – P75); † Mann Whitney U test (expert vs. trainee) when considered
relevant
* Participants were requested to answer the statement only when they had experience with the relevant basic or
intermediate skills curricula.

executed the tasks significantly slower than intermediate and expert groups during all
three repetitions independently (p < 0.002). The difference in task time between the
novice and camera navigation only groups was statistically significant in the first repetition (p = 0.007), but not in the second and third repetitions. Differences in task time
between intermediate and expert groups were not statistically significant.
The camera stability measurements also showed statistically significant differences
between less experienced groups and more experienced groups for all three repetitions
independently. Novice and camera navigation only groups showed significantly less
camera stability than intermediate and expert groups during each of the three repetitions
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Figure 2. Scores of the Novice, Camera Navigation only, Intermediate and Expert groups during three repetitions. Boxes represent median and interquartile range.

independently (Mann Whitney U, p = 0.00). Camera stability did not differ significantly
between novice and camera navigation only groups, neither between intermediate and
expert groups. The majority of the participants did not make collisions with the camera
during any of the three repetitions. The path length covered by the grasper in exercise 1
did not show statistically significant differences between the groups.

Learning curves
Figure 3 shows the mean scores of the four groups during three repetitions per outcome
parameter (time, stability, collisions and path length grasper). A clear improvement is
seen in median task time and camera stability for every group. The improvement in task
time for novice group is statistically significant (p = 0.00), as for camera navigation only
(p = 0.00), intermediate (p = 0.00) and expert groups (p = 0.00). The improvement in
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Figure 3. Learning curves of Novice, Camera Navigation only, Intermediate and Expert groups during three
repetitions. Values represent means.

camera stability is also statistically significant for all groups (p = 0.00). Differences in the
parameters path length covered by the grasper (exercise 1 only) and collisions were not
statistically significant between the repetitions.

Discussion
The first goal of this study was to establish the LCN modules’ face validity, defined as
uniform and positive evaluation of the instrument as a valuable learning environment
amongst trainees and experts15. The graphics, camera range and movements resembled
reality adequately and the exercises were seen as useful to train handling, aiming, zooming and stabilizing the laparoscopic camera. Although seven participants experienced
the bump when the handle moved through neutral position as problematic, the majority of the participants did consider the camera handling similar to reality. Furthermore,
key user groups displayed a positive attitude towards application of module in their
own training curricula. This ensures a solid base for clinical implementation among both
trainees and presumed facilitators of the system (i.e. expert laparoscopists concerned
with improving their team performance).
The second goal of this study was to establish construct validity, defined as the degree
to which the instrument can discriminate between different levels of experience in the
skills it intends to measure. The instrument proved to be able to discriminate between
the levels of proficiency in speed and camera stability between novice and experienced
laparoscopists. The learning curves of the groups show an approaching trend towards
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each other, leading to the presumption that novice laparoscopists may reach the level of
expert proficiency after a certain amount of repetitions of the LCN module. Collisions and
path length (exercise 1 only) do not show a significant relation with level of expertise.
Surgery is teamwork. Surgical residents should not be allowed to operate on patients
unsupervised unless they are proven to be competent through successful completion
of technical surgical skills examinations13. In contrast, MIS teams frequently rely on OR
nurses and medical students in their surgical clerkship to operate the camera. It is not
illegal for non-registered medical practitioners to participate in medical procedures, as
long as it is believed to be in the interest of the patient. However, the responsible surgeon must be ascertained that the person to whom the task is delegated is competent
enough19. OR nurses can participate in laparoscopy courses aimed at knowledge and
technical education6, but structured training of camera handling skills is currently lacking, let alone for medical students. Without formal structured training in laparoscopic
psychomotor skills, competency cannot be objectified. Poor camera handling by novice
assistants usually results in frustration for all members of the surgical team and hinders
the establishment of the critical view of safety.
The exact percentage of OR nurses participating in laparoscopic camera navigation
is not well documented and the demand for VR simulator training in the nursing community is largely unknown. Twelve of the fifteen OR nurses participating in this study
indicated to have camera navigation experience in MIS without following any structured
training outside the OR. Furthermore, all of the OR nurses participating in the study
considered simulator-based LCN training in OR nurse teaching programs desirable,
which corresponds with the positive attitude reported in a recent study that conducted
simulator-based laparoscopy training to OR nurses in Finland20.
VR simulators have proven to be effective tools for basic eye-hand coordination skills
training in MIS7;10. When performing simple laparoscopic tasks, task time, instrument
path length and depth perception are valid parameters for predicting laparoscopic
training outcome21. For camera navigation specifically, other skills are of importance,
such as camera stability. Path length of the camera is less important, this depends on the
movements of the leading surgeon.
This study has limitations. First, the study design introduced possibility of systematic
error. Measuring face validity through a questionnaire relies on opinions of trainees and
experts. Although care was taken to optimize the study design and observer reliability
could be measured for certain items, systematic error could not be completely ruled
out. Construct validity measurements may include systematic error as the groups vary
significantly in baseline characteristics, (age, gender and experience with VR simulators).
Secondly, skills improvement by the expert group during the three repetitions may
be seen as a shortcoming of the instrument, as one may expect a more consistent performance by expert laparoscopic surgeons on a surgical simulator. However, this finding
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is similar to other studies investigating VR simulators’ construct validity12 and signifies a
necessary period of acquaintance to the instrument.
Furthermore, the instrument did not measure a significant difference between intermediate and expert groups. The Intermediate group did not reach the previously calculated group size, limiting the statistical power. However, the discriminatory ability of
the instrument could be determined because of the statistically significant differences
between the other groups. Exploration of expert proficiency levels and learning curves
could clarify the discriminatory ability between Intermediate and Expert groups.
Finally, the fact that this instrument has proven to be valid in terms of face- and construct validity should not be mistaken with proof of its capability to improve camera
navigation skills in reality. The latter is known as predictive validity and is viewed as the
final step in a validity process14;22.
Franzeck et al23 recently showed that camera navigational skills acquired through
structured simulator-based LCN training could be transferred to the operating room.
They used LCN exercises in LapMentor™ and ProMIS™ basic skills curricula and showed
improved handling of the 30 degree angled camera23. Disadvantages of these simulators
are that they do not offer specific LCN curricula and require a large hardware component,
reducing accessibility in the workspace.
A VR simulator camera navigation module on EndotowerTM was validated previously
and showed transferability of skills to a live animal model24;25. However, this VR simulator
is no longer in production. In addition, several box trainer set-ups for LCN have been
developed and validated26;27. Although easy to build and relatively cheap, these models
require human observation to score trainees, which compromises their objectiveness.
Plug-and-play VR simulators, such as the simulator used in this study, are relatively affordable and easy to use, compared to earlier generations of VR simulators28. Monetary
costs of the model used in this study are about €3000.
Outcome of this study suggests that simulator-based LCN curriculum is both realistic
and usable for LCN training and is capable of discriminating different levels of skill.
Thereby, it shows internal validity to improve camera navigation skills in laparoscopy.
Future research should investigate transference of skills learnt on the simulator to the
operating room.

150

A multicenter prospective cohort study on camera navigation training for key user groups

References
1
2
3

4
5

6
7

8
9

10
11

12
13
14
15

16
17
18
19

Fabri PJ, Zayas-Castro JL. Human error, not communication and systems, underlies surgical complications. Surgery 2008;144(4):557–63.
Dutch Society for Endoscopic Surgery. Minimal Invasive Surgery: Plan for policy and approach.
[Dutch]. Available at www.nvec.nl; Accessed 2009 Feb 1.
Conrad J, Shah AH, Divino CM, Schluender S, Gurland B, Shlasko E, et al. The role of mental rotation and memory scanning on the performance of laparoscopic skills: a study on the effect of
camera rotational angle. Surg Endosc 2006;20(3):504–10.
Gallagher AG, Al-Akash M, Seymour NE, Satava RM. An ergonomic analysis of the effects of camera rotation on laparoscopic performance. Surg Endosc 2009;23(12):2684–91.
Dutch Society of Hospitals, Dutch Federation of Academic Hospitals, Dutch Rehabilitation Society.
Agreement on safe application of medical technologies in hospitals [Dutch]. Utrecht: Available at
http://www.rijksoverheid.nl/documenten-en-publicaties/convenanten; Accessed 2011 Dec 23.
European Institute of Telesurgery. http://www.eits.fr/courses/other/nurse.php. Published 2011.
Accessed 5-6-2012.
Grantcharov TP, Kristiansen VB, Bendix J, Bardram L, Rosenberg J, Funch-Jensen P. Randomized
clinical trial of virtual reality simulation for laparoscopic skills training. Br J Surg 2004;91(2):
146–50.
Larsen CR, Soerensen JL, Grantcharov TP, Dalsgaard T, Schouenborg L, Ottosen C, et al. Effect of
virtual reality training on laparoscopic surgery: randomised controlled trial. BMJ 2009;338:b1802.
Schijven MP, Jakimowicz JJ, Broeders IA, Tseng LN. The Eindhoven laparoscopic cholecystectomy
training course--improving operating room performance using virtual reality training: results from
the first E.A.E.S. accredited virtual reality trainings curriculum. Surg Endosc 2005;19(9):1220–6.
Thijssen AS, Schijven MP. Contemporary virtual reality laparoscopy simulators: quicksand or solid
grounds for assessing surgical trainees? Am J Surg 2010;199(4):529–41.
Schreuder HW, van Hove PD, Janse JA, Verheijen RR, Stassen LP, Dankelman J. An “intermediate
curriculum” for advanced laparoscopic skills training with virtual reality simulation. J Minim
Invasive Gynecol 2011;18(5):597–606.
Verdaasdonk EG, Stassen LP, Schijven MP, Dankelman J. Construct validity and assessment of the
learning curve for the SIMENDO endoscopic simulator. Surg Endosc 2007;21(8):1406–12.
Schijven MP, Bemelman WA. Problems and pitfalls in modern competency-based laparoscopic
training. Surg Endosc 2011;25(7):2159–63.
Gallagher AG, Ritter EM, Satava RM. Fundamental principles of validation, and reliability: rigorous
science for the assessment of surgical education and training. Surg Endosc 2003;17(10):1525–9.
Schijven MP, Jakimowicz JJ. Validation of virtual reality simulators: Key to the successful integration of a novel teaching technology into minimal access surgery. Minim Invasive Ther Allied
Technol 2005;14(4):244–6.
Simendo Camera. http://www.simendo.eu/products/camera/. Published 2011. Simendo B.V. Accessed 2-1-2012.
Schijven M, Jakimowicz J. Face-, expert, and referent validity of the Xitact LS500 laparoscopy
simulator. Surg Endosc 2002;16(12):1764‑70.
Rosser J, Lynch PJ, Cuddihy L, Gentile DA, Klonsky J, Merrell R. The impact of video games on
training surgeons in the 21st century. Arch Surg 2007;142(2):181–6.
Williams JL. Assistants in surgical practice: a discussion document. Ann R Coll Surg Engl 1999;81(2
Suppl):63–4.

151

8

Chapter 8

20
21

22

23

24

25
26

27
28

152

Rosqvist EA, Antikainen TJ, Mattila AK. Training curriculum and simulator training for the whole
surgical team: what do nurse assistants think? Simul Healthc 2012;7(3):201–2.
Chmarra MK, Kolkman W, Jansen FW, Grimbergen CA, Dankelman J. The influence of experience
and camera holding on laparoscopic instrument movements measured with the TrEndo tracking
system. Surg Endosc 2007;21(11):2069–75.
Schijven MP, Jakimowicz JJ. Validation of virtual reality simulators: Key to the successful integration of a novel teaching technology into minimal access surgery. Minim Invasive Ther Allied
Technol 2005;14(4):244–6.
Franzeck FM, Rosenthal R, Muller MK, Nocito A, Wittich F, Maurus C, et al. Prospective randomized
controlled trial of simulator-based versus traditional in-surgery laparoscopic camera navigation
training. Surg Endosc 2012;26(1):235–41.
Stefanidis D, Haluck R, Pham T, Dunne JB, Reinke T, Markley S, et al. Construct and face validity and
task workload for laparoscopic camera navigation: virtual reality versus videotrainer systems at
the SAGES Learning Center. Surg Endosc 2007;21(7):1158–64.
Ganai S, Donroe JA, St Louis MR, Lewis GM, Seymour NE. Virtual-reality training improves angled
telescope skills in novice laparoscopists. Am J Surg 2007;193(2):260–5.
Korndorffer JR, Jr., Hayes DJ, Dunne JB, Sierra R, Touchard CL, Markert RJ, et al. Development and
transferability of a cost-effective laparoscopic camera navigation simulator. Surg Endosc 2005;
19(2):161–7.
Yee KA, Karmali S, Sherman V. Validation of a simple camera navigation trainer. J Am Coll Surg
2009;209(6):753–7.
Verdaasdonk EG, Stassen LP, Monteny LJ, Dankelman J. Validation of a new basic virtual reality
simulator for training of basic endoscopic skills: the SIMENDO. Surg Endosc 2006;20(3):511–8.

Chapter 9
T_
1
2
Designing a proficiency-based, content
validated virtual reality curriculum
for laparoscopic colorectal surgery:
A Delphi approach
Vanessa N. Palter, Maurits Graafland, Marlies P. Schijven, Teodor P. Grantcharov

3
4
5
6
7
8
9
10
D

Surgery
2012;151:391–7

A

Chapter 9

Abstract
Background: Although task training on virtual reality (VR) simulators has been shown to
transfer to the operating room, to date no VR curricula have been described for advanced
laparoscopic procedures. The purpose of this study was to develop a proficiency-based
VR technical skills curriculum for laparoscopic colorectal surgery.
Methods: The Delphi method was used to determine expert consensus on which VR
tasks (on the LapSim simulator) are relevant to teaching laparoscopic colorectal surgery.
To accomplish this task, 19 international experts rated all the LapSim tasks on a Likert
scale (1–5) with respect to the degree to which they thought that a particular task should
be included in a final technical skills curriculum. Results of the survey were sent back
to participants until consensus (Cronbach’s alpha >0.8) was reached. A cross-sectional
design was utilized to define the benchmark scores for the identified tasks. Nine expert
surgeons completed all identified tasks on the ‘‘easy,’’ ‘‘medium,’’ and ‘‘hard’’ settings of
the simulator.
Results: In the first round of the survey, Cronbach’s alpha was 0.715; after the second
round, consensus was reached at 0.865. Consensus was reached for 7 basic tasks and 1
advanced suturing task. Median expert time and economy of movement scores were
defined as benchmarks for all curricular tasks.
Conclusion: This study used Delphi consensus methodology to create a curriculum for
an advanced laparoscopic procedure that is reflective of current clinical practice on an
international level and conforms to current educational standards of proficiency-based
training.

156

Designing a proficiency-based, content validated virtual reality curriculum for laparoscopic colorectal surgery

Introduction
Surgery residency training programs have traditionally used the operating room to
teach surgical skills to trainees through graded responsibility under direct supervision.
Because of the mandated decrease in resident work hours, ethical concerns regarding
trainees learning procedures for the first time on patients, and the advent of new technology such as laparoscopy, this strategy is no longer feasible. As such, it has become
necessary to shift a portion of residency training from the operating room to the surgical
skills laboratory. Several recent systematic reviews have demonstrated that technical
skills training in an ex vivo environment, whether on a bench-top model, or a virtual
reality (VR) simulator, translates into an improvement in operating room performance.1–4
Moreover, the technical improvements seen on a VR simulator have shown to persist for
>10 cases in the operating room.5 VR simulators have several advantages over bench-top
simulators, including their ability to simulate complications, such as bleeding, their ability to automatically generate assessment parameters allowing for comparison between
individuals and performances, as well as the fact that they are able to simulate tasks at
varying levels of difficulty allowing for a natural gradation of training.6 With the strong
body of evidence supporting the role of VR simulation in technical skills training, it is
somewhat surprising that outside of the realm of research studies, few curricula based
on training using VR simulation have been developed for minimally invasive procedures.
Several groupshave described curricula for basic laparoscopy, including curricula for
basic minimally invasive tasks, or for less complex procedures such as laparoscopic
cholecystectomy.7–9 Although these curricula represent an important step in defining VR
curricula for minimally invasive procedures, and largely conform to current educational
theories regarding proficiency-based learning and distributed practice, as a group,
they have been developed largely using local expertise. Specifically, experts at one
institution determine which tasks or components are included in the final curriculum.
To ensure the applicability of the developed curricula, it is essential that the final educational product be reflective of practice across diverse institutions. In addition, to our
knowledge, no technical skills curricula using VR simulation have been described for
advanced minimally invasive procedures Laparoscopic colorectal surgery is considered
an advanced, minimally invasive procedure. Performing this procedure successfully involves ligating large blood vessels, working in multiple quadrants of the abdomen, and
creating a viable anastomosis.10 A long, variable learning curve11 has been described for
laparoscopic colorectal surgery, which underscores the necessity of developing a technical skills curriculum for learning this procedure, ideally in a simulated environment.
The purpose of this study is 2-fold. Our first aim was to use consensus methodology to
develop a technical skills curriculum based on VR for laparoscopic colorectal surgery.
Our second aim was to define expert benchmarks of proficiency for this curriculum.
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We hypothesized that the Delphi method of consensus would be a feasible means of
developing a technical skills curriculum for this advanced minimally invasive procedure
that is reflective of international practice.

Methods
Study design
This study used Delphi methodology to obtain consensus on the essential components
of a VR curriculum for laparoscopic colorectal surgery. In addition, a cross-sectional
design was utilized to determine expert levels of proficiency for the defined curriculum.
The study was approved by the local institutional review board.

Participants for Delphi consensus
Participants for the Delphi consensus portion of the study were required to be leaders in
their clinical field as evidenced by their role as opinion leaders within organizations such
as The American Society of Colon and Rectal Surgeons, the Society of Gastrointestinal
and Endoscopic Surgeons, or other national surgery societies. Furthermore, they were
required to be familiar with the VR system used for the curriculum. Finally, the experts
were required to be practicing surgeons who were involved in training laparoscopic
colon and rectal surgery both at the resident and continuing professional development
level. Twenty experts were recruited by e-mail to respond to an on-line survey. The experts were intentionally selected to represent a wide geographic area. In North America,
11 experts were contacted, and in Europe, 9 experts were contacted with the assistance
of the Dutch Society for Endoscopic Surgery. Membership of the expert panel was not
revealed to the survey participants.

Online survey
The VR system that was utilized for the technical skills training portion of the curriculum
was the LapSim laparoscopy trainer (Surgical Science, Gothenburg, Sweden). Construct
validity, learning curves, and transfer of skills learned on the LapSim have been demonstrated.5,12–17 The system consists of 11 basic tasks, 10 advanced tasks, and 6 procedural
tasks specific to general surgery. Not all tasks on the LapSim, however, are relevant to
laparoscopic colorectal surgery. The role of the Delphi panel was to determine through
expert consensus those tasks that are relevant to teaching the technical skills required
to perform laparoscopic colorectal surgery. These tasks were compiled into an on-line
survey using via Survey Monkey (Palo Alto, CA). The participants in the expert panel were
required to rate each identified task on a Likert scale from 1 to 5 detailing the degree
to which they agreed or disagreed that a particular component should be included in a
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final technical skills curriculum. Results of the survey were sent back to participants with
group averages and standard deviations until expert consensus was reached. Expert
consensus was pre-defined as Cronbach’s alpha >0.8, which has been shown to be an
acceptable method of consensus determination.18

Final structure of the technical skills curriculum
After Cronbach’s alpha >0.8 was achieved for the on-line survey, an outline of the final
technical skills portion of the curriculum was created. Specific curricular tasks that over
80% of the experts rated as either 4 (agree) or 5 (strongly agree) on the final scale were
included in the final technical skills curriculum. The technical portion of the final curriculum will require execution of the identified tasks on the ‘‘easy,’’ ‘‘medium,’’ and ‘‘hard’’
levels of the simulator. The settings for each level were taken from a recent European
study in which consensus was reached on defining levels for the LapSim Basic Skills 3.0
package.19 Levels for the tasks that were not discussed in the European consensus document (handling intestines, and stitch and square knot) were defined using an identical
concept with local expertise.

Participants for expert benchmark levels
Nine experts in minimally invasive surgery were identified. An expert was defined as an
individual who has completed >100 advanced minimally invasive procedures.

Tasks
Each expert was familiarized to the simulator by a member of the study team (VP or MG).
Experts watched the instructional video for each task but did not warm up or practice
on the simulator. During the familiarization period, the expert had opportunities to ask
questions. Each expert completed each component of the curriculum on the ‘‘easy,’’ ‘‘medium,’’ and ‘‘hard’’ levels in a predefined sequence. No assistance was provided during
completion of the curriculum.

9

Generation of expert benchmark scores
Experts were scored based on the automatic assessment parameters generated by the
simulator. The parameters of interest were time, as well as those parameters related
to economy of motion, specifically instrument angular path and path length. Expert
benchmark scores for ‘‘time,’’ ‘‘path length,’’ and ‘‘angular path’’ were determined for
each curricular component on the 3 levels (easy, medium, and hard) by calculating the
median score of the 10 experts.
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Statistical analysis
For the second round of the consensus survey, mean values and standard deviations
were calculated for all LapSim tasks and were reported back to the expert panelists.
Cronbach’s alpha was used to determine consensus on the final curriculum tasks among
the expert panelists. Median expert scores were calculated in order to determine expert
levels of proficiency for the identified curricular tasks. All statistical analysis was performed on SPSS (Statistical Package for Social Sciences version 18.0, Chicago, IL, USA).

Results
Of the 20 experts contacted to participate in the Delphi panel, 19 responded to the first
round of the consensus survey. The responses of 2 respondents were excluded from
analysis, the first because the respondent completed less than one third of the survey,
and the second because the respondent gave each curricular task the same score,
indicating an apparent lack of attention to the survey process. After the first round of
the survey, Cronbach’s alpha was 0.715, indicating a lack of consensus. Twelve experts
completed the second round of the survey. After the second round, consensus was
achieved with a Cronbach’s alpha of 0.865. After consensus was reached, the LapSim
tasks that 80% of the panel rated as a 4 or 5 on the Likert scale were included in the final
curriculum (Table 1). Easy, medium, and hard levels were defined for each curricular task
(levels available on request). Nine experts completed the VR curriculum in its entirety.
Median expert scores were set as benchmarks for each task on each of the 3 levels of
difficulty (Table 2).

Discussion
This study used the concept of a Delphi consensus methodology to develop a curriculum for an advanced laparoscopic procedure that is reflective of current clinical practice
on an international level and conforms to current educational standards of proficiencybased training. The main purpose of our study was to design a procedural skills curriculum that results in improved technical proficiency when performing laparoscopic
colorectal surgery in the operating room. Very few VR curricula have been developed for
minimally invasive procedures7–9, Moreover, these curricula have been developed based
on local expertise. The design of a VR curriculum for laparoscopic colorectal surgery in
this study represents a departure from these traditional methods of curricula development. The Delphi methodology was used such that the final curriculum represents consensus among international experts regarding which component psychomotor tasks
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Percentage of Experts
Endorsing the Task in the Final
Curriculum

Task Included in the Final
Virtual Reality Curriculum

Camera Navigation

66%

No

Instrument Navigation

58%

No

Coordination

83%

Yes

Grasping

83%

Yes

Cutting

100%

Yes

Clip Applying

92%

Yes

Lifting and Grasping

92%

Yes

Suturing

58%

No

LapSim Task

Precision and Speed

25%

No

Handling Intestines

100%

Yes

Fine Dissection

92%

Yes

Cholecystectomy Part 1

17%

No

Cholecystectomy Part 2

8%

No

Needle Passing

50%

No

Interrupted Stitching

76%

No

Running Stitching

83%

No

Square Knot

76%

No

Surgeon’s Knot

67%

No

Stitch and Square Knot

83%

Yes

Stitch and Surgeon’s Knot

83%

No

Interrupted Suturing

92%

No

Running Suturing

92%

No

Side-to-side anastomosis

76%

No

Appendectomy Loop Technique

33%

No

Appendectomy Single Staple Task

67%

No

Appendectomy Dual Staple Task

33%

No

Appendectomy Optional Staple Task

50%

No

Peg Transfer

33%

No

Pattern Cutting

42%

No

Endoloop

58%

No

9

Table 1. LapSim™ Tasks

are essential to decrease the learning curve associated with this procedure. This approach is particularly important because many of the LapSim tasks show construct validity12,19–22, but are not necessarily relevant for learning laparoscopic colorectal surgery.
The advantages of the Delphi method have been well described in the literature18. Although the Delphi methodology has been successfully utilized in the development of
diagnostic criteria, clinical scales, research questions, and evaluation tools for technical
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Coordination

1
2
3

59 (18)
55.3(18)
67(38)

1.79(0.67)
1.52(0.18)
1.89 (0.42)

492.73(209.24)
419.03(63.79)
478.39(130.15)

0.66(0.37)
0.51(0.26)
0.73(0.64)

177.87(112.27)
113.57(91.53)
274.55(208.79)

Grasping

1

Right instrument time: 1.64(0.54)
40(9)
Left instrument time:
41(9)

336.64(138.85)

1.55(0.49)

379.46(94.50)

2

Right instrument time: 1.97(0.51)
51(25)
Left instrument time:
67(27)

353.94(85.5)

2.25(0.71)

407.75(142.37)

3

Right instrument time: 2.45(0.59)
61(28)
Left instrument time:
90(21)

442.89(126.18)

2.45(0.59)

442.89(126.18)

1

92(26)

239.21(89.69)

0.93(0.41)

234.29(99.30)

Clip
Applying

Lifting and
Grasping

Handling
Intestines

Fine
Dissection

Stitch and
Square Knot

Right
instrument
path length
(m)

Left instrument
Left
instrument angular path
(º)
path length
(m)

Level

Cutting

Time (s)

Right
instrument
angular path
(º)

Task

1.17(0.35)

2

70(20)

0.87(0.23)

179.59(56.33)

0.57(0.17)

157.07(44.80)

3

88(55)

0.85(0.40)

211.60(98.76)

1.03(0.44)

189.94(92.93)

1

104(40)

1.27(0.35)

173.89(54.11)

1.41(0.36)

223.20(74.72)

2

111(72)

1.46(1.42)

268.03(226.58)

1.41(0.84)

216.54(154.13)

3

109(65)

1.27(0.99)

195.51(190.47)

1.44(0.73)

248.49(147.55)

1

103(20)

1.98(0.40)

419.92(80.03)

2.12(0.47)

444.84(101.51)

2

98(23)

1.95(0.32)

401.54(75.70)

1.93(0.33)

430.99(58.91)

3

122(37)

1.91(042)

428.57(86.78)

2.05(0.33)

427.83(68.22)

1

88(19)

2.01(0.63)

527.10(170.76)

2.64(1.14)

712.11(314.98)

3.34(1.74)

2

101(36)

2.81(1.76)

741.34(377.26)

3

137(44)

5.32(1.46)

1361.05 (418.02) 6.19(1.56)

1548.87 (350.79)

1

72(8)

0.56(0.84)

116.68(12.99)

82.42(26.34)

0.37(0.11)

921.03(347.99)

2

91(36)

0.69(0.58)

115.63(59.99)

0.33(0.08)

74.13(26.39)

3

85(30)

0.63(0.12)

111.90(29.04)

0.28(0.27)

62.50(68.02)

n/a

329(68)

5.41(1.88)

1322.54 (465.91) 5.79(1.81)

1276.93 (462.12)

Table 2: Expert levels of proficiency for the curricular tasks

skills18,23–25, to our knowledge this is the first time that it has been used in the development of a technical skills curriculum. The identified tasks represent the consensus of
experts in North America and Europe. Currently, there is no consensus in the literature
regarding the number of experts required for a robust expert panel in the Delphi consensus process26,27. We elected to contact 20 experts with an expected response of 15
because we were hoping to balance a wide variety of expert opinion with selecting indi162
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viduals who were thought to be invested in the process. During the survey process, the
number of expert respondents decreased by 29%, from 17 in the first round, to 12 in the
second round. This decrease in respondents is relatively consistent with what has been
described in the literature.18,28,29 Because the expert panelists were chosen among a
fairly homogeneous group with respect to qualifications, it was thought that this dropout rate would not alter the final result of the panel. Although the dropout of respondents in the panel of experts of often expected with the Delphi process, using Cronbach’s
alpha to determine consensus helps to mitigate this phenomenon, because analysis
using Cronbach’s alpha is sensitive to the number of panelists, and a decrease in panelists is reflected by a corresponding decrease in a. The increase in Cronbach’s alpha on
the second round of the survey suggests that the increase in consensus more than offset
the loss of panel members. Based on the results from the Delphi process, 7 basic tasks
and 5 suturing tasks were rated by >80% of the experts as either a 4 or 5 on the Likert
scale. After review of the tasks selected, we elected to choose the stitch and square knot
task as a representative suturing task, because it was felt that including 5 suturing tasks
was redundant and would potentially be a source of frustration for the trainees. Although suturing in a VR environment has transfer validity, trainees at a more junior level
can have difficulty learning suturing on a VR system and report low levels of face validity
for this particular task30–32. Creating expert benchmark levels of proficiency is essential in
the development of a proficiency-based curriculum33. Several studies have demonstrated that learning curves on VR simulators vary between individuals at the same level of
training34,35. All experts completed this phase of the study. The variability of the experts’
scores is reflected in the relatively large interquartile ranges for each benchmark level of
proficiency (Table 2). This variability can be explained by the fact that although the experts had all completed >100 minimally invasive procedures independently, they had
variable levels of experience on the VR simulator, and this variability likely resulted in
several outlying scores. Median scores, rather than mean scores, were used to minimize
this outlier effect on the various benchmarks. In addition, it was somewhat surprising
that the experts’ median scores did not consistently decrease as they progressed through
the 3 levels of difficulty for each task (Table 2). In fact, a common pattern was for the
expert score to increase from level 1 to 2 and then to decrease at level 3. This observation may be related to the fact that the change in difficulty from level 1 to 2 might not
have been great enough to completely mitigate any familiarization and learning effects
on the simulator, whereas the increase in difficulty from level 1 to 3 was substantial
enough to produce a decrease in performance across most tasks and performance
measures. The LapSim VR simulator automatically computes performance metrics, such
as time, economy of motion, and error parameters. Interestingly, construct validity
seems to be limited to time and economy of motion scores rather than error scores12,19–22.
Aggarwal et al.36 attribute this to the inherent difficulties in defining a surgical error. As
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such, in this study, the parameters of time and economy of motion rather than error
scores were chosen to represent the expert benchmark levels of proficiency. In addition,
because construct validity has been determined for the majority of the LapSim tasks,
repeating a construct validity assessment was deemed unlikely to add additional value
to this described study. Although the use of the LapSim as the VR simulator for this curriculum can be criticized because unlike some other VR simulators, the LapSim does not
contain procedural-based tasks specifically related to laparoscopic colorectal surgery, it
should be emphasized that the role of this technical skills training curriculum is to teach
the psychomotor component skills to perform an advanced laparoscopic procedure.
Currently, there are no studies comparing the efficacy of VR task-based training with
procedural based-training on technical proficiency in the operating room. Rather, the
bulk of evidence seems to suggest that basic task training on VR simulators translates to
improved performance on both the simulator as well as to non-analogous tasks in the
operating room. Moreover, it is important to emphasize that this technical skills curriculum, based on VR training, is designed to teach the psychomotor tasks necessary to
perform laparoscopic colorectal surgery, not the cognitive elements related to performing the procedure, such as understanding the flow of the operation or troubleshooting.
It is also important to note that the strength of the curriculum is contingent on the rigor
of the Delphi process and the experts who contributed their opinion. Unfamiliarity regarding the subtleties of the specific VR tasks could lead the experts to potentially underrate or overrate exercises, thus introducing a level of bias into the VR curriculum. We
attempted to minimize this potential source of bias by first being judicious in the expert
panel selection and ensuring that panelists were familiar with the LapSim system, not
simply VR simulation in a general sense. In addition, we chose the cutoff for task inclusion as >80% of the participants rating the task as either a 4 (‘‘agree’’) or a 5 (‘‘strongly
agree’’) on a Likert scale to ensure that potential outlying opinions were not factored
into the final consensus of the group. This technical skills curriculum based on VR simulation, using the LapSim, is to our knowledge the first curriculum designed for an advanced minimally invasive procedure such as colorectal surgery. Moreover, although the
design of the curriculum conforms to current educational theories regarding proficiency-based training, our approach represents a departure from the traditional curricula
designed locally in the literature. The tasks contained within this curriculum were decided on based on international expert consensus determined using Delphi consensus
methodology. This approach represents 1 means of developing a comprehensive technical skills curriculum for laparoscopic colorectal surgery. After acquiring the necessary
psychomotor tasks on the VR component of the curriculum, we believe that trainees
should also participate in cognitive training, as well as a training session in the cadaver
laboratory designed to integrate their acquired motor and cognitive skills. We expect
that residents trained using this method of systematic technical skills training will
164
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exhibit superior technical ability in the operating room compared with residents trained
using conventional methods. This approach has the potential to affect not only technical skills acquisition, but also to improve patient care in the operating room. The use of
this combined approach of technical skills training using VR simulation, cognitive training, and training in a cadaver laboratory requires further investigation and validation.
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Introduction
Serious games applied to healthcare-related purposes is a rapidly expanding market1.
Digital games have shown to improve patients’ cognitive abilities2, rehabilitate disabled patients3,4, promote healthy behavior5, educate patients, enhance disease selfmanagement1,6,7 and attract participation in medical research8. Furthermore, games are
used to train healthcare practitioners9. Serious games will soon become available to be
prescribed in treatment regimens to patients7. In effect, the first medical serious games
considered legitimate treatment options for disease, are currently awaiting approval by
the Federal Drug Administration (FDA). Serious games can be developed and distributed
by all sorts of institutions (commercial and non-commercial) through a broad number of
channels, including websites and mobile App stores. However, assessing which games
could be of help to clinicians or patients could prove a difficult task when the user or
prescriber is unfamiliar to the underlying concepts.
Before doctors or patients may consider using serious games as a legitimate solution
for a healthcare-related problem, it is important that they understand what problem
is precisely being addressed by the game and that a proposed claim on effectiveness
is indeed trustworthy. Clinicians are currently uneducated in judging a serious game’s
safety or effectiveness. Information on individual games is often hard to find in disorganized app-stores and websites10. Studies on serious games’ validity and effectiveness
remain scarce9,11. The idea of applying a videogame in healthcare may even be resentful
to certain clinicians or patients. In addition, threats to data safety fuel distrust towards
electronic applications in healthcare altogether12. Such issues menace the practical application of serious games throughout healthcare, subsequently limiting investments in
smart solutions that may actually prove beneficial in the end.
This article discusses the first tool for the systematic assessment of serious games
applied to medical use, for educators and clinicians. The information collected and
organized accordingly, will aid healthcare practitioners to understand and appraise the
risks and benefits of specific serious games in healthcare in a uniform manner.

A consensus-based tool

10

The Dutch Society for Simulation in Healthcare (DSSH)13 spearheaded a consensusbased tool, categorizing important items on games applied in healthcare (Table 1). All
eight committee members from six different institutions were experienced in designing, applying or researching serious games applied to healthcare-related purposes. The
tool was based on the reporting standards for non-game mobile health applications
for medical purposes (mHealth)14,15. During two consensus meetings, items from these
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reporting standards were adjusted according to their relevance to serious games in
particular. All members of the committee approved the final version of the tool.

Assessing medical serious games
This tool for assessing serious games can be applied to serious games used for diagnosis,
treatment or prevention of disease, as well as games directed at improving skills, knowledge or attitudes of individual healthcare practitioners or teams. The main presumption
is that the serious game under assessment has an educational goal or instigates specific
behavioral change to its user. It does not apply to (mobile or web-based) digital health
applications with a purely informational purpose. The tool consists of 62 items in 17
categories, centered on five main themes (game description, rationale, functionality,
validity and data protection), which were derived from previously published reporting
standards15.

Game description
The game description aims to register the serious game’s meta-data, such as information about the manufacturer or owner to whom the game should be attributed, and the
version under consideration. Special interest is taken into the owner’s policy concerning
revenues from sponsoring and advertisements. These, as well as the owners or manufacturers interests or affiliations that may potentially influence game content, should be
disclosed to users, comparable to the publishing of scientific studies involving medical
devices or pharmaceutical agents.

Game description
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Category

Item

Question

Relevant metadata

Operating System

Operating Systems of the game

Version

Version

Web-link

Web-link

Project type

Commercial, non-commercial, other

Access

Public / restricted / other

Adjunct devices

Is an adjunct device needed?

Development

Funding

How was development funded? E.g. funding
agencies, investors

Sponsoring /
Advertising

Advertisement policy Is the game free of commercial pop-ups?
If not, what is advertised?
Sources of income

Are there sources of income within the game?

Sources of income
outside game

What are the sources of income of the owner/
distributor?

How to systematically assess serious games applied in healthcare

Rationale

Category

Item

Question

Potential conflicts
of interest

Affiliations

What affiliations do the publishers have that
could influence content or user group?

Conflicts of interest

What interests do the publishers have that could
influence the game’s content or user group?

Disclosure

Are conflicts of interest disclosed?

Goal or purpose

What is (are) the purpose(s) of the game?

Disclosure

Is (are) the purpose(s) disclosed to users?

Medical device

Is the serious game a medical device, or not?

Class

If yes, which class?

Approval by Legal
bodies

If yes, does it comply to the necessary
requirements (FDA-approval, CE-mark?).

Specific user groups

For each user group: disease/condition, or
healthcare profession.

Description

Please specify gender, age (range), and other
relevant descriptive items.

Limits

Are there age limits, or other limits?

Disclosure

Is the intended user group disclosed?

Patient care

Is the game used in patient care?

Training courses

Is the game used in training courses or -curricula?

SCORM compliancy

If used in training courses or curricula, is the
serious game SCORM-compliant?

Purpose
Medical device

User group

Setting

Functionality

Purposes / didactic features

For every purpose of
the game:
Learning or
behavioral goals

What content will the player learn?

Relation learning and How does the learning content relate to the
gameplay
gameplay?

Content Management

Instruction

What intervention leads to the learning transition
(e.g. tutorial, instructions (in-game))

Assessment
(progress) in game

Through which parameters is progress in the
game measured?

Assessment
parameters

Which parameters are to designers’ opinion
indicative for measuring learning effects?

Content
Is the Content Management System restricted to
Management System specified persons or institutions?
User uploaded
content

If no, are users allowed to upload their own
content?

Content monitoring

How is uploaded content checked?

Restrictions and
limits of the serious
game

Please describe restrictions and limits of the
serious game. What content on the learning
goals is not covered?
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Validity

Category

Item

Question

Potentially undesirable effects

Potentially
undesirable effects

What potential undesirable effects could the
game have?

Disclosure

Are such potential undesirable effects disclosed
to the user?

Measures taken

What measures are taken to prevent potential
undesirable effects?

Medical expert
complicity

Were medical experts (content experts) involved
in the design process from the start?

User group
complicity

Were representatives from the user group
involved in the design process from the start?

Educationalist
complicity

Were educationalists involved in the design
process from the start?

User testing

User testing

Did user testing take place? What were the results,
and how were these incorporated in the design?

Stability

Platform stability

Does the game produce the same results on
different platforms?

Design process

Validity (effective- Face validity
ness)

Data protection

Data protection
and privacy

Do educators and trainees view it as a valid way
of instruction?

Content validity

How is its content validated to be complete,
correct, and nothing but the intended medical
construct?

Construct validity

Is the game able to measure differences in skills it
intends to measure?

Concurrent validity

How does learning outcome compare to other
methods assessing the same medical construct?

Predictive validity

Does playing the game predict skills
improvement in real life?

Data processing

How is data collected in the serious game?

Patient privacy

Are patient-specific data stored in the game?
If yes, are patient informed consent criteria met
according to relevant national standards?

Data ownership

Who owns and stores the data resulting from
play?

Data storage period

During what period are data stored?

Data removal

Can the user delete data temporarily and/or
permanently?

Data storage security Is the data storage secured in conformity with
laws of the countries stated above?
Data transmission
security

Is the data transmission secured in conformity
with laws of the countries stated above?

Disclosure

Are all items on ‘data protection’ disclosed to the
user?

Table 1. Items relevant for the assessment of a serious game used for healthcare-related purposes.
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Rationale
The game’s rationale should clarify the external purpose (i.e. the purpose outside the
game). Serious games by definition contain a specific purpose outside the game itself
(e.g. education, prevention or treatment), which should be made clear to the users.
This external purpose strongly relates to an intended user group and setting in which
it is used. Electronic learning environments are usually compliant to Sharable Content
Object Reference Model (SCORM)-guidelines. Serious games with specific diagnostic or
therapeutic purposes may be considered a medical device, which calls for additional examination before being used in practice (e.g. by the FDA or European Committee (CE)).

Functionality
Four mechanisms contribute to learning in games. These include learning content, how
instruction is delivered, how performance is assessed and how these factors are aligned
to one another in the gameplay16,17. For a clinician or educator, it is imperative to know
the intended mechanism that a game uses to instigate learning or behavioral change
and which parameters assess the user’s performance. Learning content within a game
distinguishes content that players must learn in the game (i.e. before he or she can pass
through), can learn, or might learn accidentally (collateral learning). A game’s design features may also induce ‘negative’ learning effects. If the content and game activities are
not well aligned with the intended outcomes, undesired results or a negative transfer
of learning could occur. For instance, a serious game was developed to improve behavioral outcome in adolescents diagnosed with leukemia by enhancing feelings of selfdetermination and control18. Results of a randomized controlled trial showed increased
treatment adherence in the game group. However, if the game would have failed in
its didactic strategy, thereby increasing feelings of depression or despair, the outcome
could be considered ‘negative transfer’, being harmful instead of helpful to patients. A
logical connection between gameplay and behavioral or learning goals should be present and described by the serious game’s manufacturer. This is not the same concept as
‘gaming the game’ (i.e. cheating), an effect that may very well enhance learning16.

Validity
Validity is “the degree to which evidence and theory supports the interpretations of
[game] scores entailed by the proposed use of [the game]”19. The classical approach of
validity research contains several phases, including content-, face-, construct-, concurrent- and predictive validity. Most validation research currently published in the medical domain, uses these validity concepts20. Validity research is considered the golden
standard in determining the effectiveness of a serious game.
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Data protection
Threats to user privacy are imminent in electronic and mobile health applications, especially when patient-specific data are measured or entered in the game12. This considers
data ‘at rest’ on mobile devices or servers as well as data ‘in transit’. Furthermore, access
threats (unauthorized access to personal information) and identity threats (misuse
of user identities) can be distinguished, requiring specific precautions. Storage and
analysis of personal data must always be disclosed to users. In many countries, misusing
personal health information is punishable by law.

Discussion
When using serious games in healthcare, end users (clinicians, patients or educators)
must decide whether games are safe and effective enough to be used for their intended
purposes. In order to do so, they need transparent and reliable tools. As more and more
serious games are brought to the healthcare market, gaining insight in their rationale
and effectiveness is vital. Are applied games really stating their claim in this field? In the
tool described in this article, both developers and end-users are supported in assessing
relevance and effectiveness of a game applied to healthcare and training purposes. In
order to become a ‘qualified game’, developers should disclose comprehensive information on their products and claims. They must provide transparency to meet the standards. The Dutch Society for Simulation in Healthcare13 has launched an international
peer-reviewing initiative for serious games in healthcare.
The safe application of technology-enhanced solution remains the responsibility of the
healthcare provider. Choosing if a serious game answers to the user’s needs, can be
based on information concerning five main areas described in this article. The majority of the items cannot be assessed using objective parameters. For instance, claiming
a specific serious game’s predictive validity should be supported by solid evidence. A
comprehensive evaluation by a panel of experts in the form of a quality label could form
a more practical solution.
Guidelines have been recently published reporting standards to support clinicians and
patients in distinguishing high quality mobile health applications (mHealth)14,15 and
medical websites21. These standards form the basis for the tool described in this article.
These standards have two important shortcomings. First, explicit information on a serious game’s content and didactic features is required, as the external purpose of a serious game may be less obvious to the user. Secondly, serious games require additional
validation steps (e.g. construct and predictive validity), compared to non-interactive
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information platforms. Gameplay is dynamic and learning goals in gameplay are often
not disclosed to the user. In fact, the user learns by playing the game, whereas discovery
in itself may be part of the gameplay. Disclosing learning goals would thus be counterproductive. Therefore, two important adjustments were made.
There are several limitations to the tool described in this study. The tool first and foremost
considers validity of the serious game’s content and its didactic functionality. Validity
does not predict a game’s success nor its attractiveness to the user, which also depend
on its entertainment capability and distribution method22. This tool does not wish to
objectify which game is most fun, but merely which game is most relevant and valid. A
second consideration is that validity concepts have been proposed other than the one
presented in this article. The ‘classical’ validity framework is frequently used during assessment of simulators and educational tools23,24, whereas in research on psychometric
instruments, a revised concept of construct validity is frequently applied25.
In summary, this consensus-based tool provides the end users the support required
when assessing the effectiveness and relevance of serious games in healthcare. An FDAapproval or CE-mark is simply insufficient for this purpose. In order to prevent wrongful
application and data theft of unsuspecting patients or pupils, this information on medical serious games should become publically available to the end users. This will aid the
prescription of safe and effective games to patients and the implementation of games
into educational programs.
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‘Safe’ surgical training
Approximately two decades ago, surgical educators set out to develop simulation
programs to train and test their trainees before they commenced to practice surgery
on patients. This was inspired by two developments. First, reports were published
indicating disturbingly high mortality rates in hospitals due to human errors1,2. Simultaneously, experiences during the implementation of minimally invasive surgery (MIS)
indicated long learning curves of surgeons regarding this type of surgery. Virtual reality (VR) simulators were therefore developed and implemented3. Research shows that
residents trained through these simulator-based programs operate faster, more efficient
and make less errors than residents trained the conventional way3,4. Simulation training
is even thought to increase the cost-efficiency of surgical training, despite the initial
development and maintenance costs3,5. Simulation has therefore been introduced in
the official surgical residency training and is becoming an accepted part of the curriculum6–9. The training program of the Dutch Surgical Society (Nederlandse Vereniging voor
Heelkunde) expresses the intent to implement simulation training curriculum-wide7.
Apart from basic MIS procedures, a full skills lab training program before the surgical
trainee commences to operate in the ‘real’ surgical theatre is currently unrealistic. This has
multiple causes. First, there is a shortage of available manpower and financial resources
to implement simulation-based training structurally in daily hospital practice. Secondly,
simulators do not trigger trainees’ inherent motivation to the extent that they keep
practising voluntarily after reaching obligated levels of proficiency10,11. Finally, Zevin et
al.5 and Schijven & Bemelman8 point out challenges regarding the implementation of
simulation training in competency-based surgical training. These curricula require training and assessments with regard to not only technical skills (such as dexterity), but also
knowledge and non-technical skills (such as collaboration, communication, leadership
and task management). Simulation programs that integrate all three components comprehensively (knowledge, technical and non-technical skills) have yet to be developed12.

Serious games in surgical training
The recent advances in videogame design have led to the development of highly versatile, immersive and engaging virtual environments that prove to be able to teach users
skills, knowledge and attitudes useful in real life13–15. The General Introduction discusses
that these serious or applied games have the potential to meet the challenges described
above. Chapter 1 elaborates on the literature regarding the validity of serious games
in postgraduate medical and surgical training in a systematic review. Serious games
have been developed to train critical care-related non-technical skills, procedural steps
in surgery, triage and multiple other objectives. Commercially available entertainment
games have been applied to improve surgical trainees’ dexterity in MIS. Although
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multiple studies evaluated these serious games, no definitive conclusions can be drawn
regarding their validity. Furthermore, none are specifically designed for the purposes
pointed out in the previous section (e.g. knowledge or non-technical skills in surgery).
Therefore, it is currently unclear if serious games can add to surgical training. The
primary question regarding any new training modality is whether a new instrument
is a valid method to train and assess a pupil. Essentially, validity concerns whether an
instrument measures what it intends to measure and corresponds accurately to the real
world. Validation of a training instrument encompasses multiple essential steps, referred
to as content-, face-, construct-, concurrent and predictive validity (Table 1, Chapter 1).

The technology-enhanced surgical curriculum
It is unclear in what fashion serious games can add to the surgical curriculum. Ultimately,
educators aspire to create a curriculum based on valid assessments of the trainee’s
competencies in the context of their everyday clinical activities7,16. The curriculum must
therefore establish whether or not a trainee can be rightfully entrusted to perform a
potentially hazardous procedure on real patients16,17. Computer-based assessments, applied in both VR-simulators and serious games, could be very useful in this context. Both
entities must therefore not be seen as competitive, but rather as complementary assets.
The question remains how to design a curriculum that integrates these VR simulators
and serious games validly and effectively. Combining both modalities in a technologyenhanced surgical curriculum has the potential to create a safe, engaging, effective and
(thus) cheaper form of surgical training.
From this perspective, precedents are required to explore the possibilities with regard
to the integration of serious games in the curriculum. It seems obvious to focus serious
game-design on high-priority surgical activities. Chapter 2 describes a Delphi consensus
survey on priorities of the clinical activities in the surgical curriculum. The surgical educators that participated regard basic laparoscopic procedures such as the laparoscopic
cholecystectomy as one of the most important clinical activities for their trainees.

Proposal for a technology-enhanced program for minimally
invasive surgery
Entrusting a trainee with responsibilities in the operating room should be based on
his or her proficiency, as opposed to mere clinical exposure or quantity of procedures
performed18. Proficiency regarding a surgical procedure results from more than one’s
technical skills: the trainee must also possess sufficient knowledge, non-technical skills
and a sound surgical judgment in order to perform a procedure safely and effectively19.
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Knowledge Based Learning
Acquire procedure-specific skills

Task analysis
Construct training instrument

Construct assessment method

Skills training in virtual reality
Technical skills

Non-technical skills

Skills transfer to reality
Demonstrate improved performance
Granting privileges for operating room practice
Conduct assessments
Figure 1. Five essential phases in the technology-enhanced proficiency-based surgical curriculum.

Ideally, the resident should acquire a predefined, validated level of proficiency compared
to expert performance, before obtaining responsibilities in the surgical theatre.
Aggarwal et al.20 describe a model for such a technology-enhanced proficiency-based
curriculum (Figure 1). A structured five-phased approach guides the trainee systematically through the early learning stages towards obtaining responsibility in the surgical
theatre20. These individual phases are each concluded by a structured assessment,
before the trainee moves on to the next: (1) knowledge-based learning, (2) task analysis,
(3) skills training outside the operating room, (4) transfer of skills to the surgical theatre
and (5) granting privileges for operating room practice (Table 1).

Knowledge-based learning.
Procedure-specific knowledge encompasses patient selection, diagnostic strategies,
procedural preparation, post-operative management and recognition and management of complications20. Trainees classically work through this phase by self-study. Tang
et al. demonstrate that more errors performed by trainees in simulated exercises result
from knowledge deficiencies than from technical incompetence21. Whereas currently
little structured training and assessment regarding knowledge takes place in the official
curriculum, this learning phase may very well be under-appreciated.
Chapter 7 shows that quiz-games are excellent methods to train and assess surgical
residents regarding knowledge. Interaction, competition and targeted feedback create
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Phase

Description

Training

(1) Knowledge-based
learning

-	Paper-based / oral
Acquire procedure-specific -	Books
examination
knowledge
-	Didactic sessions
-	Serious games
-	Video analysis
-	Workshops
-	Serious Game

(2) Deconstruction of
procedure into tasks

Conduct hierarchical task analysis of specific procedures to develop training and
assessment methods

(3) Skills training

Acquire technical skills

-	Lap Box trainer
-	Bench Model
-	Cadaver model
-	VR simulator
-	Serious Game

Acquire non-technical skills -	HF simulation
-	Serious Game

Progress to unsupervised
performance of procedure

-	Lap Box trainer
-	Cadaver model
-	VR Simulator
-	Serious games
-	HF simulations
-	Serious games
-	Live animal model

(4) Transfer of skills to real Demonstrate pre-defined
environment
level of proficiency in the
operating room
(5) Granting
responsibilities in
operating room practice

Assessment

-	Supervised
practice

-	Graded responsibility and
combined assessment
technical / non-technical
skills / surgical judgment

Table 1. Technology-enhanced proficiency-based curriculum for MIS, with training and assessment modalities indicated. Abbreviations: HF = High-fidelity; Lap = Laparoscopic; VR = Virtual reality

a positive, stimulating experience22. The quiz game directed at learning knowledge
regarding bile stone disease and treatment (Medialis™, Little Chicken Game co., Amsterdam, The Netherlands) is generally accepted by trainees and is able to discriminate
between different levels of clinical expertise (Chapter 7). In order to achieve a proficiency-based assessment in the game, the trainees’ performance should be compared to the
performance benchmarks set by experts.
An alternative to quiz-type serious games are simulation games. Games that simulate
procedural steps (without actually performing the procedure manually), can be applied to
teach procedural knowledge regarding knee arthroplasty surgery23 and coronary bypass
surgery24. Multiple smartphone-based procedural simulations are also available for this
purpose25. However, little is known regarding the validity of these training instruments.

Task analysis.
For a systematic approach regarding skills training and assessment in a simulated
environment (VR simulator or serious game), it is necessary to decompose the specific
procedure into subtasks12,20. Through interviews and video analysis, these procedural
subtasks and decisions can be determined, which are then used to construct a procedural workflow. This method has been applied to create part-task26 and VR simulators27.
Task analysis can also be used to create game-based training programs.
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Measuring a trainee’s proficiency requires a procedure-specific assessment. The workflow resulting from a procedural task analysis serves as basis for such an instrument,
in which insufficiently or incorrectly completed subtasks are then scored as errors28.
Andersen19 and Cuschieri29 elaborate extensively on the design and application of task
analysis-based assessment scales.

Skills training
In this phase, the trainee is equipped with the necessary technical and non-technical
skills in a simulated environment. The acquisition of basic technical and non-technical
skills in virtual reality environments allows for a higher level of learning in the real surgical theatre (such as decision-making and surgical judgment).
Technical skills
Basic technical skills curricula have been successfully implemented in surgical curricula, following the guidelines stated by the Dutch Society for Endoscopic Surgery
(Nederlandse Vereniging voor Endoscopische Chirurgie)6,8. Different VR simulator types
have the ability to improve trainees’ technical skills in reality (predictive validity)18,30,31.
The guidelines state that technical skills required for different procedures differ. They
therefore recommend a system of structured training and accreditation for specific
laparoscopic procedures6.
Before surgical trainees commence to practice MIS, they frequently assist experienced
surgeons by navigating the laparoscopic camera. This is in fact a complex task, requiring
specific visuo-spatial skills32,33. However, structured camera navigation training methods
have not yet been implemented. Chapter 9 shows the development and evaluation of
a specific camera navigation curriculum for MIS. Surgical trainees and educators find
the exercises to be realistic and useful. The instrument’s measurement system shows a
discriminative ability between trainees with experience as primary surgeon and trainees
without this experience. The distinct difference between experienced user groups and
non-experienced user groups indicates the need for specific camera navigation training in MIS. Whereas this VR simulator’s basic skills curriculum is able to predict skills
improvement in the operating room30, there is sufficient evidence to implement this
laparoscopic camera navigation curriculum in official surgical training.
The surgical trainee that commences to perform advanced MIS procedures, such as
laparoscopic colectomies, requires a more advanced set of technical skills. Chapter 9
describes a Delphi consensus survey determining a consensus-based curriculum for this
purpose, performed within a group of 17 European and North American laparoscopic
colorectal surgery experts (Chapter 9). The survey delivered a curriculum of eight distinct exercises on a previously validated laparoscopic VR simulator18. The performances
of nine advanced laparoscopic experts set benchmarks for trainees on this curriculum.
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This study serves as an example for composing consensus-based skills curricula for specific surgical procedures. This method can be applied to compose both simulator- and
game-based curricula, with regard to technical as well as non-technical skills training.
Virtual reality simulators alone do not motivate trainees to practice voluntarily10,11.
Literature shows that VR simulators can be gamified to increase residents’ adherence.
This can be done by applying various game-derived mechanisms, such as competitions
and rewards34. Next, specific commercially available entertainment games have shown
to possess the ability to measure laparoscopic technical skills, suggesting their potential
to become training modalities (Chapter 1). Moreover, custom-made videogames using
laparoscopic handle controllers are able to distinguish laparoscopic expertise to an
equal extent as VR simulators (concurrent validity)35. As a result, it can be expected that
simulator- and game producers will apply successful mechanisms from each other’s
designs, creating the most optimal user experience. The distinction between both
modalities will subsequently fade away.
Non-technical skills
The increased dependence on technical equipment in MIS to visualise the operating
field makes the surgeon more vulnerable for malfunctions that originate from outside
his or her direct line of sight. The surgeon and surgical team must be able to correctly
perceive, comprehend and react upon environmental signals, all in the context of the
‘game plan’. This situational awareness requires a combination of vigilance, diagnostic
reasoning and problem-solving ability. Currently, there is no known training program for
developing situational awareness in the surgical theatre.
Chapter 3 elaborates on the literature concerning methods to develop situational
awareness in surgery in a systematic review. Although the available studies are limited in
both quantity and quality, the most successful approach is thought to be through nonroutine events training. The trainees practice managing adverse events in high-fidelity
simulators, such as mock surgical theatres. This type of simulator’s high costs and limited
availability are however problematic for its practical application.
Surgical educators and game designers have therefore developed a serious game
aimed at non-routine events training in an abstracted (and thus cheaper), challenging
and entertaining setting. This approach is relatively novel to surgery. Chapter 4 shows
that both surgical educators and surgical trainees from multiple centres in the Netherlands generally hold a positive attitude towards the concept of serious gaming and
the game mechanism used. The majority of the participants acknowledged that the
educational content was embedded realistically in the abstracted game setting.
Chapter 5 shows that the outcome parameters used in the serious game are able to
discriminate between experts and non-experts. Groups that were considered experts
(industry-related equipment experts) outperformed the inexperienced trainees. Howev190
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er, surgeons and surgical trainees with considerable experience in MIS (>100 procedures
as primary surgeon) did not outperform the novices, suggesting that current education
in MIS is insufficient to equip professionals with the required practical skills to deal with
equipment-related failure.
Chapter 6 shows that inexperienced surgical trainees trained through a game-enhanced curriculum, have a significantly greater ability to deal with non-routine environmental error than classically trained surgical trainees. In addition, there is a considerable
(although non-significant) difference in number of problems recognized. This indicates
that custom-made serious games have the ability to influence performance in the surgical theatre, and have the ability to influence non-technical skills.
The Dutch National Institute for Public Health (Rijksinstituut voor Volksgezondheid
en Milieu, RIVM) has recently issued a report, stating that healthcare institutes should
provide medical equipment training36. Healthcare professionals should be assessed
and granted permission to work with complex technology, such as laparoscopic equipment36. This serious game proposes a convenient, valid and fun solution to provide such
training. Hypothetically, this approach should improve the adherence to training and
lead to ‘voluntary play’. This hypothesis should be the focus of research after the game is
implemented in the standard surgical curriculum.
The most important step in the process of implementing non-routine events training
in surgery will be to develop a consensus-based curriculum. Although surgical experts
validated the serious game’s content, it only includes one type of laparoscopic tower
and a limited amount of adverse event scenarios. Following the advances in technical
skills training, experts from multiple centres should be consulted to construct the minimum requirements for a surgeon performing MIS independently. Lack of a structured
curriculum could explain the varying results of the studies researching the effectiveness
of non-routine events training (Chapter 3).

Skills transfer to the operation room
After skills’ training in virtual reality has brought the trainee’s performance to a predefined level of proficiency, he or she must demonstrate this proficiency in a controlled,
real-to-life surgical simulation environment. Performance regarding basic technical
skills in MIS can be assessed using the objective structured assessment of technical skills
scale (OSATS)37.
Ideally, this phase should also include an assessment of trainees’ non-technical performance. Response to non-routine events, such as equipment failure scenarios, can be
successfully measured in a live animal model setting (Chapter 6). If educators regard
other non-technical skills equally relevant (e.g. team work and communication skills),
it would be preferable to apply the validated Oxford non-technical skills rating scale
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(NOTECHS), which has been validated in the surgical setting38. The trainee should be
allowed to pass if pre-defined proficiency levels on all domains are achieved18.

Granting privileges in the operating room
In this proposed technology-enhanced curriculum, the resident starts to practice in
the ‘real’ surgical theatre after successfully demonstrating skills proficiency on various
models, in various scenarios, on all proposed levels (knowledge, skills, management).
In the next phase, the trainee will receive more and more responsibility in performing
the surgical procedure. Entrusting trainees to perform surgery with a limited amount
of supervision results from a system of graded responsibility, which has already been
implemented throughout surgical training in The Netherlands (Table 2)7. Educators
currently judge this level of responsibility in a subjective fashion. The absence of an
objective assessment system makes this judgement prone to time and personnel constraints39. Future research should explore the value and validity of a combined objective
assessment of trainees, using a combination of technical skills assessment (e.g. OSATS40),
non-technical skills assessment (e.g. NOTECHS38) and surgical judgment (judgment
analysis41).
Statement of
awarded responsibility

Level of Supervision

1

Observing the activity

2

Acting with direct supervision

3

Acting with limited supervision

4

Acting unsupervised

5

Providing supervision to juniors

Table 2. Levels of responsibility awarded to the surgical trainee, while learning to perform a specific procedure7.
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Conclusion
Well-designed serious games grant new opportunities to educate surgical trainees in a
wide variety of domains. Specific serious games can be regarded as valid instruments
to train skills that are an inherent part of the surgeon’s expertise in a safe and engaging
environment. Moreover, serious gaming can be used as relatively cheap method to improve important, yet frequently underestimated domains such as situational awareness
and procedural knowledge. Before this potential can be truly effectuated, serious games
have to be integrated into a structured curriculum, together with other modalities. Surgical educators stand for the challenge to develop procedure-specific consensus-based
curricula in virtual reality environments.

Future perspectives
In surgical training, structured holistic training curricula for specific procedures are
required. A smart combination of validated serious games and VR simulators is likely to
create a tailored and flexible training experience for the surgical trainee. This will result
in increasingly objective training and assessments of surgical trainees, before they operate on live patients. Virtual reality training in structured procedure-specific curricula
grants the surgical trainee more control over his or her own education, reducing the
dependence on busy supervisors and lack of exposure of specific surgical procedures.
When serious games become accepted methods for training and assessing skills, they
could be applied for credentialing licensed medical specialists. This should imply the
upkeep of relevant knowledge and dealing with non-routine events in the operating
room. Moreover, game-based environments can be applied for credentialing medical
specialists in working with complex medical and surgical equipment, as recent reports
have suggested36.
The technological advances continue to stride forward. For example, the use of optical
head-mounted displays can significantly enhance the level of immersion and fidelity
of serious games and simulators in the near future. These applications can also place
a virtual reality ‘layer’ over the real world (augmented reality). Augmented reality could
not only be used to optimize training experiences, but also to assist the surgeon while
performing ‘real’ surgical procedures, reducing the need for supervising surgeons present in the OR during the trainee’s more advanced stages of learning.
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Key points
•
•

•
•

•
•
•

•
•
•
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Serious games should only be applied when proven valid according to
customary criteria.
Custom-made serious games, co-created by developers and the medical
community, are powerful instruments that can influence surgical trainees’
performance in the operating room.
Surgeons and surgical trainees are likely to accept serious games as teaching
modality.
Knowledge-based learning should become standardized in the surgical training
curriculum. Serious games could play an important part in this initial learning
phase.
Dealing with non-routine events is an important part of MIS training, whereas
this requires non-technical skills that are not innate to the surgeon.
A consensus-based non-technical skills curriculum should be established in MIS
training.
Surgical residents, medical students and OR nurses should not be allowed to
practice laparoscopic camera navigation, before finishing a simulator-based
technical skills curriculum.
Every surgeon commencing to practice advanced laparoscopic surgical
procedures should finish a procedure-specific validated curriculum.
The MIS curriculum should include (1) procedure-specific requirements, (2)
proficiency-based assessments and (3) validated simulators and serious games.
All surgeons should acquire a wearable computer with an optical head-mounted
display.
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Summary
Virtual reality (VR) simulation is an effective method to train technical skills required for
minimally invasive surgery (MIS). Two problems hamper the development of effective
training methods: (1) current VR simulators are primarily focused on dexterity (“technical skills”) training, whereas modern surgical curricula also demand competency in
cognitive, procedural and social skills; and (2) VR simulators do not trigger the intrinsic
motivation in trainees to the extent that they practice simulation voluntarily, after they
obtained the required level of proficiency to commence working in the OR. Serious
games have the potential to add to the solution of both, due to their versatility in design
and their ability to challenge and immerse players.
The aim of this thesis is two-fold. The first aim is to investigate the validity of serious
games as training instruments in the surgical curriculum. The second aim is to explore
new VR-based training solutions that focus on the acquisition of cognitive, procedural
and communicational skills.
Chapter 1 describes a systematic review of the literature regarding the validity of serious
games developed for the purpose of training medical professionals. Of the 30 serious
games discussed, 17 have been specifically developed to training purposes in medicine
and surgery, among which serious games training non-technical skills in critical care,
procedural steps in surgery and triage. Additionally, 13 commercially available entertainment games have been applied to training technical skills in MIS. Six serious games
were evaluated regarding their validity. None of these underwent validity research up to
the level in which skills transfer to the clinical setting was evaluated. Therefore, it seems
unclear whether serious games have the ability to influence trainees’ performance in the
clinical setting.
It is currently unclear for which purposes educators seek novel training methods.
Chapter 2 presents a single-centre modified Delphi survey among educators in general
surgery and six other specialties, determining the educational priorities in residencyteaching curricula. Twenty respondents in the general surgery survey give the highest
priority to three surgical activities: resuscitation of trauma patients, placement of a chest
tube and laparoscopic cholecystectomy. The results give an indication of the subjects in
which serious games are most demanded, thereby guiding game designers and educators in new projects. Because results are derived from one mere centre, this study should
be interpreted as ‘proof-of-concept’ study.
Part 1 provides an overview of the development and validation research of a serious
game directed at improving safety in the minimally invasive surgical theatre. Situational
awareness reflects the ability of an individual or team to recognize potential problems
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and deal with upcoming events in complex, evolving situations, such as surgery. The
surgical team’s situational awareness significantly influences decision-making, whereas
‘loss’ of situational awareness can result in severe complications.
Chapter 3 summarizes on the literature regarding training methods for situational
awareness in the surgical theatre, in a systematic review. Seven studies evaluate the effects of surgical crisis management in a high fidelity simulator, for both laparoscopic and
open surgery. Two studies evaluate the effects of non-technical skills training courses.
Although evidence is limited with regard to quantity and quality of these studies, the
most effective method described is surgical crisis management training in a high fidelity
simulator. Non-technical skills training courses are useful to improve safety culture in
general, but do not improve situational awareness in the surgical theatre specifically.
An important detail is that most crisis management training methods focus on measuring the individual surgeon’s situational awareness, whereas the interaction between
the surgeon and the surgical team in this context (team situation awareness) seems
underappreciated.
Chapter 4 explores surgeons’ appreciation of a serious game (Situational Awareness
game, Weirdbeard B.V., Amsterdam, The Netherlands), aimed at improving the ability
of surgeons to recognize and deal with adverse events in the minimally invasive surgical theatre. The serious game is modelled on a popular animated entertainment game,
in which realistic equipment failure scenarios are fitted. Forty-five surgeons, surgical
residents and medical students played the serious game during the annual conference
of the Dutch Surgical Society and answered a questionnaire. Results show that experienced surgeons and surgical trainees support the game’s realism concerning important
medical constructs, whereas the majority finds the game fun and challenging and useful
for training surgical trainees. Serious gaming should therefore be regarded as an acceptable modality in surgical training.
The next phase in validity research is to evaluate whether the serious game truly distinguish the ability of user groups with different levels of expertise (construct validity).
Chapter 5 describes a cohort study, in which the performance of 51 surgeons, surgical
residents, medical students and industry-affiliated equipment technicians are compared. The serious game measures a significant difference in the performance between
the technicians (69% of the problems solved) and experienced surgeons (45%, p = 0.01).
The experienced surgeons performed worse than inexperienced participants (51%,
p > 0.05). The first finding shows that the serious game can indeed distinguish between
different levels of experience. The second finding is worrying, indicating that current
training methods are insufficient in upholding surgeons’ ability to deal with equipmentrelated problems in the surgical theatre.
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Summary

The most important question in validation research is whether an instrument can
lead to reliable skills improvement in ‘real life’. Chapter 6 describes a randomized
controlled trial comparing the learning outcome of the standard basic laparoscopy
course to a curriculum enhanced by one hour of practice on the serious game, with
regard to performance in the real surgical theatre (predictive validity). Participants with
no experience in MIS encountered equipment-related problems during a standardized
MIS procedure in a live anesthetized pig model. The game-enhanced curriculum group
performed significantly better than the regular curriculum group, with regard to solving
these equipment-related problems (59% versus 33%, p = 0,02). The game group also
performed better in recognizing whether a problem had occurred, although this finding
was not significant (67% versus 42%, p = 0,14). These results indicate that surgical residents can be trained to handle non-routine events in MIS validly and effectively using a
custom-made serious game.
Part 2 explores the application of VR simulator- and serious game-based training in
different stages of the minimally invasive surgical training curriculum: the pre-clinical
knowledge-based learning phase, technical skills training regarding laparoscopic camera navigation and technical skills training regarding advanced laparoscopic procedures.
Before practicing MIS procedures in the skills lab, surgical trainees should acquire
procedural knowledge regarding diagnosis, procedural preparation, post-operative
management and recognition and management of complications. A digital quiz-game
(Medialis™, Little Chicken Game co., Amsterdam, The Netherlands) aims to train and assess this knowledge. Solving series of clinical cases competitively and in a short period
of time is thought to create a stimulating and challenging experience. Chapter 7 describes a prospective cohort study determining the game’s acceptance among surgeons
and surgical trainees (face validity), as well as the game’s ability to distinguish different
levels of expertise (construct validity). Seven surgeons, twelve residents and twenty-two
medical students played the game and evaluated it using a questionnaire. All groups
found the serious game realistic, useful and would recommend it to their colleagues.
The serious game showed a significant discriminatory ability between different levels
of expertise. Well-designed quiz games therefore have the potential to improve the
knowledge-based learning in MIS.
During the next learning phase, surgical trainees acquire the necessary technical skills
for performing MIS in a virtual reality environment. One of the first skills required in
MIS is laparoscopic camera navigation, which is complex and requires technical skills
that are not innate. Chapter 8 describes the application of a custom-made camera
navigation curriculum on a virtual reality simulator (Simendo™, Simendo B.V., Rotterdam,
The Netherlands). This prospective cohort study determines its realism, usefulness and
acceptability (face validity) and its discriminatory ability between different levels of
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skills (construct validity). Surgeons, residents, students and OR nurses (15 in each group)
performed the camera navigation module three times. Expert users and trainees view
the module as acceptable and realistic. The instrument is able to discriminate between
participants who have experience as primary surgeon in MIS, compared to participants
who do not. Simulation training on comparable instruments and modules has shown
to improve trainees’ performance in reality. Therefore, this (or a comparable) camera
navigation module should be part of the MIS training curriculum, as well as training
curricula for other key user groups such as operating room nurses and medical students.
Advanced laparoscopic procedures, such as laparoscopic colorectal surgery, require a
different set of technical skills compared to basic laparoscopic procedures. Chapter 9
describes how a curriculum for technical laparoscopisc colorectal surgical skills could be
determined. Twenty European and North-American experts were included in a Delphiconsensus survey for this purpose. Out of 27 possible exercises on a VR laparoscopy
simulator (LapSim™, Surgical Science, Gothenburg, Sweden), consensus was reached on
the use of a set of 8 exercises. Subsequently, nine experienced laparoscopic surgeons
completed the curriculum in its entirety. The median score was used as the minimum
required score for the trainee (performance benchmark). This study sets an example for
the development of consensus-based curriculum for skills training on VR simulators and
serious games.
The Synthesis describes how serious games fit into medical education and medical
specialist training. First, Chapter 10 describes how the ‘end users’ (e.g. clinicians, educators, and patients) can assess medical serious games on effectiveness and safety. Such
an assessment can take place using a consensus-based framework of key underlying
concepts of serious games. Important aspects are a game’s rationale, functionality, validity and data protection. Ideally, this information should become available to the general
public. When serious games become an integrated part of healthcare, it is important
that clinicians develop basic understanding of the concepts behind serious gaming,
their potential benefits as well as potential hazards.
The General Discussion outlines a perspective on future minimally invasive surgical
training. Educators aspire to deliver competent professionals in a safe and cost-efficient
fashion. A model technology-enhanced curriculum is proposed, which guides the
surgical trainee through the initial knowledge-based learning phase, basic technical
and non-technical skills training in skills labs, up to the moment that he or she starts
practicing in the operating room. The potential benefits of serious games and virtual
reality simulators within each phase are clarified, as well as the future perspectives in
(minimally-invasive) surgical training.
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Samenvatting (Nederlands)
Virtual reality (VR) simulatie is een effectieve methode gebleken voor het aanleren van
‘technische’ handvaardigheid aan chirurgen, met name voor het uitvoeren van endoscopische of minimaal-invasieve chirurgie (MIC). Twee problemen aspecten remmen
de ontwikkeling van effectieve trainingsmethoden en de implementatie ervan in de
opleidingcurricula van medisch-specialistische opleidingen: (1) de huidige VR simulatoren zijn met name gericht op het verbeteren van handvaardigheid, terwijl moderne
opleidingscurricula ook een bepaald vaardigheidsniveau vereisen in cognitieve, procedurele en sociale vaardigheden; (2) VR simulatoren weten de motivatie van gebruikers
niet zodanig te prikkelen dat zij uit zichzelf blijven oefenen nadat ze een bepaald niveau
behaald hebben, ondanks dat ze hier beter door zouden kunnen worden. Serious games
kunnen voor beide problemen een oplossing bieden, dankzij hun brede diversiteit en
hun vermogen mensen te motiveren en uit te dagen.
Dit proefschrift heeft twee doelen. Het eerste doel is de validiteit van serious games
als opleidingsmethode binnen het chirurgische curriculum te onderzoeken. Het tweede
doel is opleidingsmethoden te ontwikkelen met een focus op het trainen van cognitieve,
procedurele en sociale vaardigheden, die relevant zijn voor de chirurg.
Hoofdstuk 1 beschrijft een systematische literatuurstudie, die de validiteit van bestaande serious games voor zorgprofessionals onderzoekt. Van de 30 medische serious
games beschreven in de literatuur, zijn er 17 ontwikkeld met als doel professionals op
te leiden. Hieronder vallen games gericht op ‘niet-technische’ vaardigheden in de acute
zorg, games gericht op het aanleren van operatiestappen en games gericht op het trainen van triage van ongevalsslachtoffers. Daarnaast werden videogames beschreven die
ontwikkeld zijn voor entertainment doelen, maar desondanks gebruikt konden worden
voor het trainen van chirurgische oog-hand coördinatie. In totaal zes serious games
ondergingen een validatiestudie. Uit deze studies werd het niet duidelijk of serious
games de prestaties van zorgprofessionals in de kliniek of in de operatiekamer kunnen
verbeteren.
Voor de ontwikkeling van nieuwe serious games is het belangrijk om de doelstellingen
van de opleiders te inventariseren. Hoofdstuk 2 beschrijft een Delphi studie onder
opleiders van zeven medische specialismen, waaronder de Heelkunde. In de eerste
surveyronde werd hen gevraagd naar een (in hun ogen) belangrijke of risicovolle activiteit binnen het opleidingsprogramma. In de tweede surveyronde rangschikten ze
deze activiteiten naar prioriteit. De twintig respondenten van de opleiding Heelkunde
kenden de hoogste prioriteit toe aan drie activiteiten: opvang van trauma patiënten,
plaatsen van thoraxdrains en de laparoscopische cholecystectomie. Dit overzicht geeft
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weer welke doelstellingen een hoge prioriteit hebben voor opleiders en kunnen daarom
als leidraad voor game designers en onderwijskundigen dienen. Deze studie is echter
slechts in één centrum uitgevoerd en zou hoofdzakelijk als ‘proof-of-concept’ studie
moeten worden gezien.
Deel 1 geeft een overzicht van de ontwikkeling en validatie van een serious game
gericht op het trainen van situational awareness in de laparoscopische operatiesuite. Situational awareness is het vermogen van een individu of team om tijdens het uitvoeren
van een complexe taak potentiële problemen te herkennen en op te lossen. Situational
awareness van het chirurgische team is een belangrijke factor bij het maken van beslissingen en het ‘verlies’ van situational awareness kan leiden tot ernstige complicaties.
Hoofdstuk 3 beschrijft een systematische literatuurstudie naar de effectiviteit van
bestaande trainingsmethoden voor situational awareness in de operatiekamer. Zeven
studies beschrijven het effect van crisis management training voor chirurgen in een
gesimuleerde operatiekamer, voor zowel open als laparoscopische ingrepen. Hoewel
het bewijs beperkt is, lijkt chirurgische crisismanagement training het meest effectief
voor het verbeteren van situational awareness. Twee studies onderzoeken het effect van
niet-technische vaardigheidstrainingen. Deze kunnen nuttig zijn voor het verbeteren
van veiligheidscultuur in ziekenhuizen, maar verbeteren de situational awareness van
het chirurgische team op de OK niet specifiek. Een belangrijke vinding is dat de meeste
chirurgische crisismanagementtrainingen zich toeleggen op het individu, waarbij de
interactie tussen de chirurg en het operatieteam ondergewaardeerd lijkt.
Hoofdstuk 4 onderzoekt of een serious game die chirurgen-in-opleiding traint in
het herkennen van en omgaan met problemen met de apparatuur tijdens minimaalinvasieve ingrepen acceptabel is voor de doelgroep en de opleiders. Deze serious game
(Situational Awareness game, Weirdbeard B.V., Amsterdam) is gebaseerd op een populaire entertainment videogame. In dit ontwerp zijn vervolgens realistische scenario’s
van falende laparoscopische apparatuur verwerkt. Vijfenveertig chirurgen, chirurgenin-opleiding en medisch studenten speelden de serious game op het jaarlijkse congres
van de Nederlandse Vereniging voor Heelkunde, waarna ze een vragenlijst invulden.
De resultaten tonen dat zowel ervaren chirurgen als chirurgen-in-opleiding de serious
game realistisch vinden met betrekking tot scenario’s en weergave van de apparatuur.
Ze vinden de game leuk en uitdagend zien en nuttig vinden voor het training van
chirurgen-in-opleiding. Deze serious game kan daarom gezien worden als acceptabele
trainingsmethode in de chirurgische opleiding.
Het onderzoeken van het vermogen van een instrument om niveauverschillen tussen
verschillende gebruikersgroepen te meten is de volgende stap in een validatieonderzoek (construct validiteit). Hoofdstuk 5 beschrijft een cohortstudie, waarin de prestatie
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tussen verschillende gebruikersgroepen op de serious game wordt vergeleken. Eén-envijftig chirurgen, chirurgen-in-opleiding, medisch studenten en technisch specialisten
van de apparatuur producent werden geïncludeerd. De serious game meet een significant verschil tussen de prestaties van de technisch specialisten (69% van de scenario’s
opgelost) en chirurgen-in-opleiding of studenten (51%, p = 0,01). De ervaren chirurgen
(45%) presteerden niet beter dan chirurgen-in-opleiding en medisch studenten. De
eerste vinding geeft aan dat de serious game een onderscheid kan meten tussen verschillende vaardigheidsniveaus. De tweede vinding geeft aan dat de huidige trainingsmethoden onvoldoende effectief zijn om het vermogen in het herkennen en oplossen
van problemen met laparoscopische apparatuur te onderhouden op de langere termijn.
Hoofdstuk 6 beschrijft de resultaten van een gerandomiseerde gecontroleerde
studie naar het vermogen van de serious game om vaardigheden in de werkelijkheid
te verbeteren (predictieve validiteit). Deelnemers zonder ervaring in MIC werden gerandomiseerd tussen de standaard basis laparoscopie cursus en de standaard cursus
die gecombineerd werd met een uur serious gaming. De prestaties van de deelnemers
na de cursus tijdens het uitvoeren van een gestandaardiseerde taak in een levend
varkensmodel op de operatiekamer werden gemeten. De deelnemers werden hierin
geconfronteerd met gestandaardiseerde apparatuurproblemen. De primaire uitkomstmaten waren de hoeveelheid herkende en opgeloste problemen. De game groep lost
significant meer problemen op (59% vs. 33%, p = 0,02) dan de controle groep. De game
groep herkent ook meer problemen (67% vs. 42%), hoewel deze vinding niet significant is (p = 0,14). Deze resultaten tonen aan dat chirurgen-in-opleiding op valide en
effectieve wijze getraind kunnen worden middels een serious game in de omgang met
non-routineuze gebeurtenissen tijdens MIC.
Deel 2 verkent nieuwe toepassingen van virtual reality simulatie en serious games in
verschillende stadia van het MIC opleidingscurriculum: het preklinische kennisstadium,
de technische vaardigheidstraining ten aanzien van camera navigatie en technische
vaardigheidstraining voor gevorderde laparoscopische ingrepen.
Voorafgaand aan het oefenen van MIC ingrepen in het skills laboratorium, moeten chirurgen-in-opleiding kennis verwerven over de procedure. Hieronder valt o.a. kennis over
de diagnostiek, voorbereiding, post-operatief beleid en herkenning en behandeling van
complicaties. Een digitale quiz-game (Medialis™, Little Chicken Game co., Amsterdam)
richt zich op het trainen en testen van deze kennis. In deze game moeten leerlingen in
korte tijd en op competitieve wijze klinische casus oplossen. Hoofdstuk 7 beschrijft een
prospectieve cohort studie die de acceptatie van deze serious game onderzoekt onder
chirurgen, chirurgen-in-opleiding en studenten (face validiteit) en het onderscheidend
vermogen van deze game tussen groepen met verschillende kennisniveaus (construct
validiteit). Zeven chirurgen, twaalf chirurgen-in-opleiding en tweeëntwintig medisch
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studenten speelden de game en beoordeelden deze middels een vragenlijst. Alle groepen vinden de serious game op belangrijke punten realistisch, nuttig en zouden deze
aan hun collega’s aanraden. De serious game toont een goed onderscheidend vermogen
tussen verschillende ervaringsniveaus. Goed ontworpen quiz-games hebben daarmee
de potentie om het kennisniveau van chirurgen-in-opleiding in de MIC te verbeteren.
In de volgende fase van de opleiding leren chirurgen-in-opleiding de technische vaardigheden die specifiek noodzakelijk zijn voor MIC in een virtual reality omgeving. Eén
van de deze vaardigheden is het omgaan met de laparoscopische camera, wat complexe
oog-hand coördinatie vergt. Hoofdstuk 8 beschrijft de toepassing van een op maat
gemaakt camera navigatie curriculum voor een virtual reality simulator (Simendo™,
Simendo B.V., Rotterdam). Deze prospectieve cohortstudie onderzoekt de acceptatie
van dit curriculum onder opleiders en leerlingen (face validiteit) en het onderscheidend
vermogen van het instrument tussen groepen met verschillende vaardigheidsniveaus
(construct validiteit). Chirurgen, chirurgen-in-opleiding, OK assistenten en medisch studenten (15 per groep) speelden het camera navigatie curriculum. De deelnemers vinden
de module acceptabel en realistisch op belangrijke inhoudelijke punten. Het instrument
is daarnaast in staat om onderscheid te maken tussen deelnemers die ervaring hebben
als eerste operateur in MIC en deelnemers die dat niet hebben. Bij vergelijkbare modules
is aangetoond dat VR training de prestatie van pupillen in de operatiekamer verbetert.
Daarom zou dit curriculum een verplicht onderdeel van het opleidingscurriculum voor
MIC moeten zijn, evenals de opleidingscurricula voor andere gebruikersgroepen, zoals
OK assistenten en medisch studenten.
Gevorderde laparoscopische ingrepen, waaronder laparoscopische colorectale chirurgie, vereist een andere set ‘technische’ handvaardigheden dan basale laparoscopische
ingrepen. Hoofdstuk 9 beschrijft de wijze waarop een curriculum voor laparoscopische
colorectale chirurgie kan worden samengesteld. Onder twintig Europese en NoordAmerikaanse experts in de laparoscopische colorectale chirurgie werd een Delphi
consensus survey uitgevoerd. Van 27 simulator oefeningen (LapSim™, Surgical Science,
Gothenburg, Zweden), werden 8 oefeningen als noodzakelijk gezien voor het trainen
van technische vaardigheden voor laparoscopische colorectale chirurgie. Negen ervaren laparoscopisch chirurgen voerden deze oefeningen uit. De mediaan van hun scores
gold als de minimum vereiste score voor de pupil (prestatie benchmark). Deze studie
geldt als voorbeeld voor het ontwikkelen van consensus-gebaseerde curricula voor
vaardigheidstraining op VR simulatoren en serious games.
De Synthese beschrijft hoe serious games passen in medisch onderwijs en medisch
specialistische vervolgopleidingen.
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Hoofdstuk 10 beschrijft hoe ‘eindgebruikers’ (bijvoorbeeld clinici, opleiders en ook
patiënten) medische serious games op waarde kunnen schatten wat betreft veiligheid
en effectiviteit. Een dergelijke inschatting kan aan de hand van een consensus-gebaseerd raamwerk van de belangrijke onderliggende concepten van medische serious
games. Belangrijke onderliggende concepten zijn de rationale, functionaliteit, validiteit
en data veiligheid van een serious game. Deze informatie zou per beschikbare serious
game ter beschikking moeten komen van het publiek. Wanneer in de toekomst serious
games steeds vaker een onderdeel zullen vormen van medische opleidingen en zelfs
patiëntenzorg, is het belangrijk dat clinici begrip krijgen van de werking van serious
games, de potentiële voordelen en ook de potentiële gevaren.
De General Discussion schetst het toekomstperspectief van serious games binnen de
chirurgische vervolgopleiding. Dit hoofdstuk beschrijft een model voor het technologyenhanced curriculum voor chirurgen-in-opleiding in de minimaal-invasieve chirurgie.
Dit model omvat de initiële fase waarin de leerling de procedure-specifieke kennis leert,
de fase waarin hij of zij de basale technische en non-technische vaardigheden ‘droog’
oefent in het skills lab, en uiteindelijk de fase waarin de leerling oefent in de operatiekamer. De meerwaarde van serious games en simulatietraining binnen iedere fase wordt
bediscussieerd, evenals een perspectief op de toekomst van de chirurgische opleiding.
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Dr. M.P. Schijven – Beste Marlies, (bijna) alle dank ben ik aan jou verschuldigd. Zonder
jouw visie, kritische blik en onuitputtelijke drive was dit onderzoek er simpelweg niet
geweest. Dank voor je begeleiding, gevleugelde uitspraken en de vrijheid die ik kreeg.
Jouw vermogen om wetenschappelijk onderzoek onder de aandacht te krijgen van het
publiek is onovertroffen!
De leden van de beoordelingscommissie – Prof. dr. M.A. Boermeester, Prof. dr. O.R.C.
Busch, Prof. dr. M. Maas, Prof. dr. J.M.C. Schraagen, Prof. dr. B.A.M. Schouten, dr. H.W.
Schreuder – Hartelijk dank voor uw bereidheid om zitting te nemen in mijn beoordelingscommissie en dit proefschrift inhoudelijk te beoordelen.
De co-auteurs – prof. dr. Marja Boermeester, drs. Kiki Bok, prof. dr. Olle Ten Cate, drs. Mary
Dankbaar, dr. Teodor P. Grantcharov, drs. Maartje Van Haperen, dr. Sjoerd M. Lagarde, dr.
Joep Lagro, dr. Agali Mert, dr. Stephanie Schuit, dr. Vanessa N. Palter, drs. Maarten Vollebergh en drs. Laura de Wit-Zuurendonk – veel dank voor uw inzet, advies en kritische
blik.
Dr. A. Schaafstal – Beste Alma, dankzij jouw visie en organisatorisch vermogen is dit
onderzoek tot stand gekomen.
Prof. J.M.C. Schraagen – Beste Jan Maarten, veel dank voor je ondersteuning. Jouw
kritische blik op belangrijke momenten heeft me voor vele dwalingen behoed.
Dr. H.W. Schreuder – Beste Henk, veel dank voor je adviezen, kritische blik en bezielende
hulp met de inclusie.
J.P. van Seventer – Beste Jan Pieter, jouw unieke inzicht en vermogen om game ontwerpers met de ‘buitenwereld’ te verbinden zijn van vitaal belang gebleken voor dit
onderzoek.
Alle stafleden, fellows en arts-assistenten van de afdeling Chirurgie van het Academisch
Medisch Centrum – in het bijzonder Mark van Berge Henegouwen, Marc Besselink,
Christianne Buskens, Jeroen Diks, Susanne Gisbertz, Prof. dr. van Gulik, Vincent de Jong,
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Paul van Koperen, Sjoerd Lagarde, Robert Matthijsen, Boj Mirck, Els Nieveen, Bas Polle,
Marc Schreinemacher, Pieter Tanis, en de vele anderen die ik hier niet noem - heel veel
dank voor jullie hulp, adviezen en bereidheid om keer op keer proefkonijn te zijn. Daarnaast heel veel dank voor de mooie en leerzame tijd die ik als arts-assistent heb gehad.
Alle deelnemers aan de onderzoeken in dit proefschrift (voor zover nog niet genoemd)
– de bereidwilligheid om als ‘data’ te fungeren is de kurk waar wetenschappelijk onderzoek op drijft.
Dutch Game Garden en Taskforce Innovation - in het bijzonder Jan-Pieter van Seventer,
Romar Bucur en Christel van Grinsven – veel dank voor jullie onbaatzuchtige inzet voor
dit onderzoek en de ontwikkeling van drie medische serious games.
De ‘industrie’ – Joram Rafalowicz, Niels Monshouwer en Samar Louwe (Weirdbeard);
Yannis Bolman en Michiel Sala (Little Chicken Game co.); Tim Laning en Jan-Jaap Severs
(Grendel Games); Mark Wentink en Joeri Post (Simendo B.V.) – jullie inzet en creativiteit
vormen de basis voor dit proefschrift. Een week Game-jammen op een verlaten vakantiepark in Noordwijk in januari ga ik niet snel vergeten.
Het secretariaat Chirurgie, in het bijzonder Joke Schumacher, Ingrid Smet en Coos van
Gosliga – jullie ondersteuning was van vitaal belang voor dit onderzoek.
Het Chirurgisch Lab op het IWO – met name Goos Huijzer en Lindy Alles, heel veel dank
voor jullie enthousiasme en support voor mijn onorthodoxe experimenten.
De stafleden en arts-assistenten van het Flevoziekenhuis – Veel dank voor de mogelijkheid om verder aan mijn carrière te werken.
G4 – Ik besef dat een onderzoeksafdeling van deze omvang een groot goed is. Veel dank
voor alle hulp, inzet, adviezen en borrels!
everywhereIM – in het bijzonder René Kock, Ivo Urlings en Eric Edelman – Veel dank voor
de mogelijkheid ervaring op te doen bij ‘de industrie’.
Wetenschappelijke stage-studenten – Esther Barsom en Noraly Henning - Hartelijk dank
voor jullie inzet.
De varkens – zij brachten het grootste offer.
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Mijn paranimfen:
Lieve Laura – Jij bent de beste zus die een ‘grote’ broer zich kan wensen.
Beste Jasper – Als mijn oudste collega ben ik vereerd dat je mijn paranimf wilt zijn.
Mijn familie, vrienden, jaarclub- en oud-huisgenoten – Dank voor jullie interesse, bedoelde en onbedoelde adviezen.
Simon – Dank voor het ontwerpen van de kaft.
Mijn ouders – Dit is voor jullie.
Sabrina – Je bent fantastisch. Dank voor alles.
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