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Chapter 1
Introduction and outline of this thesis
About (serious) games
When thinking of a person who plays video games, a certain stereotype comes to mind. It is a
lonely, obese man, around the age of 20-30, reeking of sweat. He avoids sunlight by living in
his parents’ basement, and only comes outside to wait in line in front of a video game store to
pick the newest expansion of the online fantasy game World of Warcraft. Although this is
how the stereotype gamer is depicted in most popular media 1, it does not apply for the large
majority of gamers nowadays, if it ever was applicable. In the past decades, video game
systems have evolved from arcade cabinets, stuffed in dark halls, into widely accepted and
accessible television consoles, used by the complete family. Consequently, the video game
industry has transformed from a niche business into an ever-growing, multi-billion dollar
market 2.
In its latest, annual report on sales, demographic, and usage data on video games, the
Entertainment Software Association showed that 58% of all Americans play video games, and
that half of all United States households owns a dedicated video game console 2. The average
age of gamers is 30 years, and about 45% of all gamers are female, a number that has risen
from 38% in 2006 3. In the last years, portable devices, such as smartphones and tablets, are
becoming more popular gaming platforms.
As said, the video game industry is a big one. In 2012, an estimated $20.77 billion was spent
by consumers on video games, gaming systems, and accessories in the United States alone 2.
In comparison, the money consumers spent on movies throughout all of North America in
2012 was $25.58 billion 4. Recently, a new video game console, the PlayStation 4 (Sony
Corporation, Tokyo, Japan), was sold 1 million times in only 24 hours after its release 5.
Similarly, the popular video game Grand Theft Auto V (Rockstar Games, New York, NY,
United States), which had cost $200 million to develop, had a turn-over of a whopping $1
billion in its first 72 hours 6. These facts and numbers show that video games have slowly
become part of Western culture, making its appearance in the entertainment industry as
common as books, radio, and movies.

10

Just like those media, video games can be used for educational purposes as well. These games
are categorized under the oxymoron “serious games”. The category itself has various,
sometimes conflicting definitions, such as “games that do not have entertainment, enjoyment
or fun as their primary purpose” 7. And, they should not be confused with simulators,
although there is a large, grey area. Though the first serious game was developed more than
50 years ago 8, its market only started expanding about a decade ago 7. In 2010, the serious
games market was estimated to be worth $1.5 billion worldwide 9.
The first (digital) serious games were developed during the Cold War, mainly for military
purposes 7. A good example is the 1955 strategy game HUTSPIEL, developed by the
Operations Research Office, a civilian military research center run by the John Hopkins
University in Baltimore 8. The game was played by two persons, who were either the
commander of a red (USSR) or blue (NATO) team, that fought a war along the Rhine river.
The goal of the game was to learn and research the possible outcomes in case the incident
actually happened.
Of course, HUTSPIEL and similar games were not available for the general public. Gaming
arrived in the living room in 1972, when the German-American engineer Ralph Baer released
the first commercially available video game console; the Magnavox Odyssey (Magnavox,
Napa, CA, United States). The console could only display simple, monochrome graphics,
lacked the ability to produce sound, and only had 27 different games in total. Although most
games were purely aimed at entertainment, some games were meant for education as well. In
the game “States”, one would learn the topography of the United States. A light-gun
peripheral and game were aimed at firearms training 7.
In subsequent years, different video game consoles and personal computer systems surfaced,
all spawning various kinds of educational games. And in most cases, the validity or effects
were not evaluated. One of the first serious games aimed at healthcare was Captain Novolin
(Raya Systems, Mountain View, CA, United States), a 1992 Super Nintendo game in which
the player controlled a diabetic superhero 7. The goal of this game was to teach diabetes selfmanagement, and demonstrated the relationship between food, insulin, and blood glucose
levels. An evaluation amongst 23 patients showed that the game was entertaining, educating,
and helped patients to explain their disease to their friends 10.

11

Although digital games made for training and education have been around for decades, the
term “serious games” and its complete field of interest, both commercially and scientifically,
started flourishing around 2002 7. This turning point is said to be marked by the release of
America’s Army, a realistic first person shooter made by the United States Army, which was
successfully used as a recruitment tool. Another example is Re-Mission (HopeLab, Redwood
City, CA, United States), a 3D game aimed at children with cancer. It is remarkable due to a
big, randomized controlled trial, that showed that playing the game raised self-efficacy and
knowledge, and that patients had greater medication adherence, which can be a problem in
pediatric patients

11

. The best examples of commercially successful serious games are Brain

Training and Wii Fit (Nintendo, Kyoto, Japan), games respectively aimed at improving
concentration and physical condition. Nintendo, however, did not research the effects of their
games, but external scientific papers on the positive effects of Wii Fit are surging (see chapter
7).
Nowadays, serious games are serious business. In the Netherlands alone, there are more than
ten independent game studios that specialize in the development of serious games, such as
Grendel Games, MAD Multimedia, Ijsfontein, and Little Chicken. The Delft University of
Technology offers a master’s degree in the development of serious games

12

, and the

Noordelijke Hogeschool Leeuwarden (NHL) has a specific serious games lectorate 13. Other
academic institutions have also incorporated subjects on the development of serious games in
their curricula. Consequently, research on serious games is evolving, shown by the emergence
of dedicated, peer-reviewed journals for video games and healthcare

14

. It is hard to predict

the future of serious games, but based on the progression of the last ten years, the concept of
using video games for serious purposes will undoubtedly become more common.
Laparoscopy, training, and simulators
Laparoscopy, derived from the ancient Greek words λαπάρα (lapara), meaning “flank”, and
σκοπέω

(skopeó), meaning “to see”, is a form of minimal invasive surgery that arose in the

beginning of the 20th century, and started to gain popularity in the ‘70s 15,16. In a laparoscopic
intervention, the abdominal (or peritoneal) cavity is inflated with carbon dioxide gas. A long
scope (nowadays with an added video camera) and special instruments, such as graspers,
scissors, dissectors, or electrosurgical probes, are then inserted into the abdominal cavity
through so-called trocars, special ports that penetrate the abdominal wall via small incisions.
This way, surgeons, urologists, and gynaecologists can perform a wide, and growing array of
12

operations, while leaving minimal visible marks on the body of the patient. Best-known
laparoscopic operations are the cholecystectomy and appendectomy, respectively the removal
of the gall bladder and the appendix. Although the promoted benefits, such as shorter hospital
stay, of laparoscopic surgery are not always evident in comparison to conventional (open)
surgery 17, this form of minimal-invasive surgery has become a standard for many operations.
In the last twenty years, laparoscopy has become a standard part of the surgical traineeship.
Therefore, surgeons in training are required to learn and refine cognitive and psychomotor
skills 18, such as inverted movements, eye hand coordination, depth perception, ambidexterity,
and the fulcrum effect. At most universities in the Netherlands, the basics of laparoscopy are
taught through special courses, in which box trainers and animal models are used. Besides
these training programs, trainees have the possibility to practice their skills on their own.
Traditional box trainers and animal models, however, require human monitoring, and are thus
not always available. This makes traditional methods subjective, expensive, and time
consuming 19.
Therefore, virtual reality simulators are becoming more important, especially in the last
decade

20

. Virtual reality simulators consist of a computer and a specially designed input

device in the shape of laparoscopic instruments, which can be used to maneuver on-screen,
instruments in a realistic, computer simulated, three-dimensional abdomen. By performing
several, pre-programmed operations, one cannot only train basic laparoscopic skills, but also
learn properties such as anatomy, and procedural skills and knowledge. Some examples of
simulators are the LAP Mentor II (Simbionix Ltd., Cleveland, OH, United States) (figure 1),
and the SIMENDO (DeltaTech, Delft, The Netherlands). Most virtual reality simulators have
been validated according to an international consensus 21,22, have proven to be cost- and timeeffective in laparoscopic skills training

23-26

, and their taught skill is shown to be transferable

to the operative setting 27.

13

Figure 1: the Simbionix LAP Mentor II simulator

At the University Medical Center Groningen (UMCG, Groningen, The Netherlands),
however, it is the trainer’s experience that surgical trainees do not use the simulators as
they’re supposed to. The Wenckebach Skills Center, the clinical training centre of the UMCG,
has a large collection of simulators, and among them are several laparoscopic simulators.
Although training on these advanced simulators is advised, and in some cases obligatory, it is
often seen that residents only use them to reach fixed training goals, and avoid systematic
practice afterwards. After the basic laparoscopy course, most trainees only practice a few
times or completely skip the virtual reality simulators, and start their learning curve on actual
patients

28

. This way, the proved benefits of the simulators cannot come to fruition

26

. Most

residents consider the procedures “repetitive” and “boring” on the long run, and complain
about the distance between their workplace and the simulators. Since most virtual reality
simulators are expensive, they are safely locked away in secured rooms. Another problem is
the fact that some simulators, such is the LAP Mentor II, have a fragile control mechanism,
which requires a lot of maintenance. Hence, the threshold for frequent simulator practice is
high. To increase voluntary basic laparoscopic skills training in surgical trainees, a serious
game was developed.
14

Underground; a serious game made for training basic laparoscopic skills
The project that is evaluated in this thesis is a serious game, developed for Nintendo’s Wii U
video game console (Nintendo Co., Ltd., Kyoto, Japan), that is made for training and
maintaining basic laparoscopic skills. Its goal is not to replace existing simulators, but rather
to be a cheap, and fun addition to the curriculum, which can be utilized voluntarily. The
game, called Underground, will be commercially available, but is primarily aimed at surgical
trainees. In this paragraph, the history, development, technical details, and validation of the
game and hardware will be presented.
History and development
The initial idea for the development of a game for training laparoscopic skills was conceived
by abdominal surgeon Henk ten Cate Hoedemaker and educational consultant Jetse Goris in
2008. Both noticed that the laparoscopic simulators at the Wenckebach Skills Center were
hardly ever used, while the majority of surgical residents did have the time to play games on
their smartphones while staying in the hospital. This seemed paradoxical, since simulators
and video games have a lot in common. Why would residents, who are interested in surgery,
rather play a casual game like Angry Birds (Rovio Entertainment Ltd., Espoo, Finland) on
their phones, than practice their skills by playing on a far more advanced and dedicated
simulator? The answer to this question seems to lie in the inferior entertainment value of
simulators. Simulators are purely aimed at skills training, and this can only be achieved by
strenuous repetition of predictable exercises. Video games, on the other hand, are designed to
entertain people. And, if a game is challenging, unpredictable, and immersive, people will
continue to play until they are experts in the thing they are doing. However, making people
proficient at a certain game (and gaming mechanism) is not the primary goal. For example,
Nintendo’s famous game developer Shigeru Miyamoto did not design the Super Mario games
to make consumers good at pressing buttons to make a man jump on fictional enemies. But
eventually, upon completion of one of the games, players are an expert at it. In a well
developed serious game, this interesting side-effect can be used to teach players a certain
skill, while they may not be aware of the fact they’re actually practicing it.
To explore the possibilities of a serious game for training basic laparoscopic skills, Goris and
Ten Cate Hoedemaker contacted game development studio Grendel Games (Leeuwarden, The
Netherlands). After gaining their interest, a prototype of a Nintendo Wii game was developed
15

and presented at the Game Developers Conference 2010 (San Francisco, CA, United States).
This version consisted of a mechanical and rather cumbersome setup, which used two Wii
Remote controllers with Wii Motion Plus add-ons, which adds motion sensing through
gyroscopes, attached to it (figure 2, upper left photo). Using these gyroscopes, the player
could maneuver two on-screen laparoscopic graspers in a three-dimensional, fictional robot
world. It was found out that this contraption was not precise enough to simulate the
movements made during laparoscopy, mainly because the Motion Plus gyroscopes require
frequent calibration. Also, the hardware was too large and expensive to make a useful and
affordable product. These ideas were scrapped and the team went back to the drawing board.

Figure 2: various prototypes of the Underground hardware, including the first version (top left) and a 3D
printed, near-final version (bottom right)

Through an iterative process, which involved various other parties, such as master student
biomedical engineering Ivar Bosma

29

and product innovation company Pezy (Groningen,

The Netherlands), a new concept was developed. The development process was based on
Scrum, a product development framework mainly used in software development

30

. It is

characterized by splitting larger projects into smaller, more manageable pieces that are
16

evaluated every other few weeks or months. The theory behind this framework is that it
promotes creativity and makes quick changes to the project possible through frequent
feedback. This way, the course of development can be changed along the way, making room
for changes in both hard- and software of the game.
In this stage of the development process of Underground, several “sprint meetings” were held
every other week. During every session, new work was presented and evaluated at the
Grendel Games office in Leeuwarden. There, the next steps in the process were discussed and
the goals for the next session were arranged. The following two weeks each part of the team
(e.g. research, hardware or software development, or financial management) then worked on
their part of the project, which was evaluated in the upcoming sprint meeting. Grendel
Games, for example, developed the video game itself, starting with the underlying code for
the control mechanism, slowly working towards basic, but playable levels and finally a full
video game, complete with a storyboard, computer-generated animations, and orchestrated
music. The first version of the hardware was built using simple materials from do-it-yourself
hardware stores (figure 2, upper right photo). Later iterations, which were rapidly made for
the sprint meetings, were made using rapid prototyping by means of a 3D printer. After
evaluation by the team, the various handles were then evaluated by abdominal surgeons at the
UMCG and a definitive design was chosen. Eventually, a precise motion sensing system,
which utilizes the infrared camera of the Wii Remote, was developed. After careful
consideration of the production costs, molds for injection molding were created in China by a
third party (Fluctus Industrial Design & Engineering, Groningen, The Netherlands). This way,
the hardware design was finalized and prepared for mass production. Technical details are
discussed later in this chapter.
To be able to realize this project, a dedicated company was erected in 2010; Cutting Edge
B.V. (Groningen, The Netherlands). This company consists of three parties: the UMCG
(through Stichting Triade), Grendel Games, and the Leeuwarden Institute of Minimally
Invasive Surgery (LIMIS, Leeuwarden, The Netherlands). Cutting Edge is a commercial
enterprise which has received several grants to be able to develop Underground. Jetse Goris
and Henk ten Cate Hoedemaker, who both contributed to the research performed for this
thesis, are intellectual property holders of the concept. Therefore it should be disclosed that
they do have a financial interest in this project. A full disclaimer of the possible conflicts of
interest of the author and all co-authors can be found in the appendix. To further maintain
17

scientific integrity, an independent academic professor was recruited as doctoral advisor for
this thesis. Also, where possible, data were gathered anonymously and blindly analyzed.
Although Underground has not yet been released at the time of writing, it has received both
national and international media attention

31

and has won the Dutch Game Awards for Best

Serious Game and Best Applied Game Design in 2013 32.

Figure 3: a comic, based on Underground, that appeared in various Dutch newspapers 33

Technical details
The hardware of the game consists of various components. To start, the player needs to
connect a Wii U video game console to his TV, and download the Underground game via the
online Nintendo eShop 34. Next, two Wii Remotes and their Nunchuks need to be connected
to the Wii U (figure 4). A Wii Remote is a wireless, remote like controller that is able to
detect movement using an infra-red camera on top amongst others. The Nunchuk is a Wii
Remote add-on with an analog joystick that connects via a cable to the bottom of the Wii
Remote. Normally, a small “Sensor Bar” with four infra-red LEDs is placed underneath the
TV

35

. When pointing the Wii Remote at the TV, the infra-red camera sees the LEDs and

calculates its position in comparison to the TV/Sensor Bar through triangulation. These data
can be translated into on-screen actions, such as the display of a precise cursor or, for
example, the movement of a gun. Using this mechanism, controllers do not require
calibration.

18

Figure 4: the Wii Remote and its Nunchuk add-on

To play Underground with its specially designed, laparoscopic style controls, both controllers
need to be inserted into two, identical plastic shells (figure 5). These shells are developed to
resemble laparoscopic instruments. The Wii Remote is placed on top, with the infra-red
camera facing down when playing. The Nunchuk is placed inside the handle. When the
handle is opened, the joystick on the Nunchuk moves downwards. This information is then
sent to the game console, resulting in on-screen movement of instruments. The tool shells
have a long rod attached to their handles, which are inserted into two small oarlocks on a base
plate (figure 5). When holding the shells, the Wii Remotes point towards a designated area on
the base plate, where they can “see” four tactically placed infra-red LEDs, similar to the
Sensor Bar. This way, the controllers determine their position in the virtual world.
Movements are translated into on-screen movement of two large, robotic arms, resembling
laparoscopic instruments.

19

Figure 5: the final Underground hardware, demonstrated at the SAGES annual meeting 2014

The game itself is nothing like a traditional, virtual reality laparoscopic simulator. Instead of
working in an abdominal cavity, the player operates in a fictional mine, where it has to guide
small robots to the exit. This is done by manipulating the environment through the means of
two big robotic arms, which are controlled by moving the controllers. The concept of a mine
was chosen because laparoscopic surgeons also work in a primarily dark area and have to
break things (adhesiolysis, ligation of mesentery, resections), before they can start to rebuild
(anastomoses, hernia repairs). The gameplay of Underground consists of a mixture of action
and puzzles in a sandbox like environment. The main goal, escaping from the underground
world, can be reached by solving puzzles that require basic laparoscopic skills, cognitive
skills, and problem-solving skills. The levels of the game are set up in such a way that
different laparoscopic skills are covered. The game has four distinct themes, each with five
different levels and a final boss. To defeat the boss at the end of each world, the player has to
combine all the skills that were learned during the previous levels. This way, the player
practices its basic laparoscopic skills, while playing a video game. Originally, the game was
developed for the Wii console, which was introduced in 2006 36. Because of the emergence of
the Wii U in 2012, the game was ported to this more advanced successor of the Wii. The
control mechanism remained unchanged, but due to the fact that the Wii U is graphically
superior to the Wii, developer Grendel Games was able to make more complex levels and
more detailed environments.
20

Figure 6: a screenshot of the final version of the game

Validation
The main goal of this thesis is to validate the Underground game. Since the game is
developed to more or less resemble a laparoscopic simulator, it was decided to validate it in
the same manner as normal simulators are validated. It should be noted that “validation” is a
very nonspecific term that consists of various concepts

37

. For example, “experimental

validity”, covers the actual effect of an intervention on its users. This is covered in chapter 6.
But when talking about validation in the field of laparoscopic simulators, one often means
“test validity”. The Work Group for Evaluation and Implementation of Simulators and Skills
Training Programmes of the European Association for Endoscopic Surgery (EAES) defines
this type of validity as “the extent to which an assessment instrument measures what it was
designed to measure”

22

. In the EAES’s 2005 consensus guidelines for validation of virtual

reality surgical simulators, four kinds of validity are described: face, content, construct, and
concurrent validity 22.
• Face validity is based upon the judgment of a defined group of subjects of the resemblance
between the system under study and the real activity 22. This can be tested by interviewing
surgeons about the hardware, such as the looks and feels of the laparoscopic tools in real
life and its movement in virtual space. Although this is not an objective measure, inter21

subjectivity (multiple judgments combined) can be reached by interviewing a large group
in a systematic manner. This way, one hopes to obtain a general expert opinion. Since face
validity is a very subjective measure, it is the least important part of the validation study. It
can be considered as an expert opinion (level 5 evidence).
• Content validity describes the level of which the simulator covers the subject matter of the
real activity

22

. In contrast to face validity, which discusses the looks and feels of the

hardware of the simulator, content validity is concerned with the software, for example
anatomy and correctness of the performed procedures. This can be obtained by a similar
process of interviewing and is frequently combined with consensus in peer-reviewed
literature and frequent meetings with experts (level 5 evidence) 38.
• Construct (or contrast) validity refers to the ability of a simulator to distinguish between
different levels of experience with the studied procedure to see whether it measures what it
is supposed to measure

22,38

. By letting novices and experts play on the simulator, a

significant difference in score should be seen. If experts, who are supposed to be the best,
do not get a high score, the apparatus does not simulate reality in a correct way (it does not
measure what it is supposed to) and is therefore not a good simulator (level 3 evidence).
• Finally, concurrent (or predictive) validity is used to compare the outcome of the simulator
to an established assessment method, designed to measure the same skills. Another,
already validated simulator or skills test will differentiate between experts and novices, and
the scores of the new simulator should correlate with the outcome of the chosen standard.
Concurrent validity can be considered the most important part of test validation, because it
objectifies one’s expertise and correlates it to the new test

38

. If, for example, an

experienced gamer gets a high score on Underground because it is a game, but does not
show the same skills on a standard assessment method for basic laparoscopic skills, the
new apparatus does not simulate the same aspects and is therefore, again, not a good
simulator (level 2 evidence).
Face validity is covered in chapter 4. The construct and concurrent validity of a prototype of
Underground is covered in chapter 5. Since the content of the game differs from real
laparoscopic surgery on purpose – the player helps robots in a mine, instead of performing a
virtual laparoscopy – content validity was deliberately let out of the picture. The game is not
aimed at training anatomy or procedural tasks, and thus validating for such criteria makes no
sense.

22

Aim of this thesis
The primary aim of this thesis is to create a thorough evaluation of Underground, by studying
its idea, validity, and effect. A serious game can only be called “serious” if the project is
evaluated with a scientific approach, proving its serious goal. Without it, it would be just “a
normal game which could be serious”. The development of serious games is skyrocketing,
and its research is growing 14, but due to the novelty of this field of development, validation
of many projects is still lacking 37. Therefore, I sincerely hope that this thesis will be used as
an inspiration and a stepping stone for serious game developers to back the claimed goals of
their projects with a scientific validation.
The main hypothesis is that video games, with Underground in particular, can be used to
improve basic laparoscopic skills. Sub hypotheses are that the Underground hardware
possesses valid face, construct, and concurrent validity, and is thus able to be used to improve
basic laparoscopic skills. The null hypotheses are that video games cannot be used to train
laparoscopic skills, that Underground’s hardware does not mimic laparoscopy, and that it is
not able to improve aforementioned skills in its players. The research presented tests the
above formulated (sub) hypotheses.
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Outline of this thesis
The next chapter discusses the effects of video games on laparoscopic skills in general. It is
followed by four chapters that discuss the science, development, validation, and effects of
Underground. The seventh chapter is a more clinical view on some negative side-effects of
(Nintendo) games.
Chapter 2 is a literature review on the effects of video games on one’s basic laparoscopic
skills.
Chapter 3 is a general description of the concept and development of the game.
Chapter 4 discusses the results of a face validity study, performed at the Chirurgendagen
2013 and the SAGES annual meeting 2014, using a near-final version of the game.
Chapter 5 describes the establishment of construct and concurrent validity for a prototype of
the game.
Chapter 6 describes the short-term effect (warm-up) of the game on the basic laparoscopic
skills of laparoscopic experts.
Chapter 7 is a literature review in which all known case reports and series of Nintendorelated injuries and other complaints are discussed.
Chapter 8 presents the discussion and conclusions, including the limitations, of this thesis.
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Chapter 2
The effects of video games on laparoscopic simulator skills
M.B. Jalink, J. Goris, E. Heineman, J.P.E.N. Pierie, H.O. ten Cate Hoedemaker
American Journal of Surgery. 2014 Jul;208(1):151-156.
Abstract
Background: Recently, there has been a growth in studies supporting the hypothesis that
video games have positive effects on basic laparoscopic skills. This review discusses all
studies directly related to these effects.
Data sources: A search in the PubMed and Embase databases was performed using
synonymous terms for video games and laparoscopy. All available articles concerning video
games and their effects on skills on any laparoscopic simulator (box trainer, virtual reality,
and animal models) were selected.
Conclusions: Video game experience has been related to higher baseline laparoscopic skills
in different studies. There is currently, however, no standardized method to assess video game
experience, making it difficult to compare these studies. Several controlled experiments have,
nevertheless, shown that video games cannot only be used to improve laparoscopic basic
skills in surgical novices, but also as a temporary warming-up prior to laparoscopic surgery.
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Introduction
In 1992, Richard Satava wrote a letter to the editor of JAMA, in which he announced the age
of the “Nintendo surgeon”, embracing all new kinds of technologies used by the next
generation of surgeons, ranging from video games to the then-new laparoscopic surgery 1.
Back then, little was known about the similarities between these two technologies. But times
have changed, and the relationship between video games and good surgical practice seems to
be a returning topic.
It is paradoxical that video games, which have been linked to childhood obesity

2,3

,

4

aggression, and poor school performance , can also be used in medical training. It has been
proven that playing action video games enhances visuospatial attention and spatial resolution
in a positive manner 5,6, and gamers have significantly better eye hand coordination than nongamers 7. Recently, there has been a rapid growth in studies suggesting that gamers have
better baseline laparoscopic skills, and that video games could be used as a cost-effective and
fun way to train basic laparoscopic skills in surgical residents. This article reviews all
observational studies and controlled experiments directly related to the effects of video games
on laparoscopic skills.
Methods
A search in the PubMed database was performed using the MeSH terms video games,
laparoscopy, general surgery and surgical procedures, operative, and the general terms eye
hand coordination and psychomotor. A complementary search, combining relevant terms for
video games (game, videogames, gaming, games, Nintendo, and Wii) and laparoscopy
(laparoscopy, surgery, eye hand coordination, surgeon, psychomotor, and endoscopy), was
carried out as well. To broaden the search, the Embase database was consulted, looking for
the same terms in titles, abstracts and index terms of all articles concerning human research.
All available articles concerning video games and their effects on skills on any laparoscopic
simulator (box trainer, virtual reality, and animal models) were selected.
Results
In total, 35 articles were found, out of which 19 studies were directly related to the subject of
this paper. The remaining 16 articles were discarded because they were either other reviews
or not directly related to the subject (e.g. focused on endoscopy or general surgery). The trials
that assess the effects of video games on laparoscopic skills can be divided into two main
groups. The first group of articles discusses the effect of video game experience on baseline
32

laparoscopic skills. Thirteen observational studies investigated whether gamers have better
baseline skills or not. The second group includes seven controlled experiments, in which
video games have been used as an intervention to improve laparoscopic skills. One study
covers both types of trials.
Game experience and basic laparoscopic skills
The influence of video game experience on laparoscopic simulator skills has been observed in
a few studies that are specifically designed to investigate that goal. Grantcharov et al. were
the first to describe a direct, positive relationship between video game experience and
laparoscopic simulator score 8. Subjects with previous game experience (10 out of 25 novice
surgeons in training) made significantly less errors on the MIST-VR simulator (Mentice
Medical Simulation, Gothenburg, Sweden), even after adjusting for gender and hand
dominance. Shane et al. did a similar experiment; they found that students and residents who
had previous game experience (11 out of 26) reached pre-set proficiency criteria significantly
quicker after training 9. This was, among others, based on a composite score including error
rate. Recently, Kennedy et al. too showed that experienced gamers had better psychomotor
abilities, using a ProMIS laparoscopic simulator (Haptica, Dublin, Ireland) 10.
Four studies have incorporated video game experience as one of many factors used to predict
baseline laparoscopic skills

11-14

. Van Hove et al. followed 35 first-year surgical residents

during their first year of training and correlated their initial laparoscopic skill level to trainee
characteristics 11.! A history of video game use correlated with significantly higher scores and
better skills retention. Madan et al., however, were unable to find any relationship between
self-reported video game experience (non-gamer, novice, expert) and a subjective score in a
porcine animal model 12. Nomura et al. let 43 laparoscopic novices take a short questionnaire
with nine independent variables, such a gender, confidence in driving skills and video game
experience, before testing them on the ProMIS simulator 13. Subjects that answered positively
to the question “Do you like TV games?” were significantly faster and had a shorter left
instrument path length. In an effort to predict the attainable proficiency level for first-time
users of a virtual reality laparoscopic simulator, Paschold et al. studied 279 undergraduate
medical students

14

. From a list of several expected, predictive factors such as age, sex, and

handedness, frequency of playing video games (split into the terms “often”, “rarely” or “not at
all”) was the only factor able to predict the first-time score on a laparoscopic simulator test
after multiple logistic regression analysis.
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Table 1: studies observing the effect of prior game experience on simulator skills
Groups (n)

Game
experience

Paschold
2011 14

279
undergraduate
medical
students

Split into
frequently, often,
rarely or not at
all

Two basic
laparoscopic skills
tasks on the VRL
simulator (VR)

“Frequency of video gaming is
associated with quality of firsttime VRL performance”

Van Dongen
2011 18

(Non)gaming
interns
(10/10),
(non)gaming
kids (13/13)

“Average
playing time of
10h per week”

Four tasks on the
LapSim simulator
were performed twice
(VR)

Gaming interns scored
significantly better then nongaming interns. There was no
difference between gaming
children

Kennedy
2011 10

38 medical
students

7 h/wk in 3 of
the last 5 years

Psychomotor ability
was measured using
ProMIS (VR)

Regular gaming correlates
with psychomotor ability.

Rosenthal
2011 17

Children (32),
resident (20)
and surgeons
(14)

Questionnaire on
experience (and
frequency, years
and genre for
children)

Two physical tasks
and one task on the
Mentice SA
simulator (box/VR)

Lowest performance was found
in children with low experience,
followed by those with high
experience, residents, and
surgeons with no significant
difference

Fanning
2010 16

Teens (15) and
Ob/Gyn
interns (15)

Teens with 5
years of
experience,
interns without

Self-developed,
validated, physical
simulator (box)

Gaming teens were significantly
faster on two out of three tests

Baburdeen
2010 20

Non-surgeons
(20)

Total hours of
non-Wii game
experience

Validated, homemade simulator (box)

Game experience (non-Wii)
predicts a better score on a
laparoscopic simulator

Schlickum
2009 15

Surgical
novices (45)

7-point scale for
experience in
different age
categories

A task on the MISTVR and the GI
Mentor II (both VR)

Previous video game experience
is positively correlated with
performance in certain
simulators.

Van Hove
2008 11

First year
surgical
residents (35)

Questionnaire on
“current
occasional
participation”

MISTELS score
before and after
training and after one
year (box)

Gamers scored significantly
better on the first skills test, but
not on the second and last ones

Shane
2008 9

Medical
students (11)
and surgical
residents (15)

Have at one time
played for 3h/wk
on a regular
basis

Two tasks on MISTVR simulator (VR)

Gamers trained significantly
quicker to proficiency criteria
than other novices

Nomura
2008 13

Medical
student, fifth
year (43)

“Do you like TV
games?”

1 physical task on the
ProMIS simulator
(VR)

The students who like TV games
are quicker and their left
instrument path is shorter

Rosser
2007 19

Surgeons (33)

Past or current
game experience
(≥3 h/wk)

Rosser Top Gun
laparoscopic skills
program (box)

Past and current video game
experience correlates with
laparoscopic skill

Madan
2005 12

First and
second year
students (67)

Self reported
expert, novice or
non-gamer

4 tasks in a porcine
model (AM)

Video game experience does not
predict baseline laparoscopy
skills

Grantcharov
2003 8

Surgical
residents (25)

“Previous
computer games
experience”

10 repetitions of 6
tasks on the MISTVR simulator (VR)

Surgeons with computer game
experience made significantly
less errors

Article

Simulator used

Results

VR: Virtual Reality simulator, box: box trainer, AM: animal model, white: correlation, grey: no relation found
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Besides a controlled experiment, as will be discussed in the next paragraph, Schlickum et al.
used a detailed questionnaire to asses video game experience collected on different ages and
found that participants who played games between age 14 and 18 scored significantly better
on the MIST-VR laparoscopic simulator

15

. This correlates with an experiment done by

Fanning et al., in which fifteen video game experienced teenagers (15-19 years) performed
three laparoscopic tasks of which two were significantly quicker than fifteen first-year nongaming residents in obstetrics and gynecology 16.
There were two studies in which younger children were observed

17-18

. Rosenthal et al.

showed that children (aged 8 to 12) who don’t play video games score lower on physical and
virtual reality tasks than children who do, but this difference was not significant

17

. Van

Dongen et al. also found that there was no significant difference between younger gamers
(average 12.5 years) and non-gaming medical interns on performance on the LapSim
simulator, although it turned out to be difficult to test children on a laparoscopic simulator 18.
They did, however, find that game experienced interns were significantly faster and more
efficient than their non-gaming peers.
In only two observational studies video games were actually used to objectify video game
experience

19-20

. Rosser et al. tested 33 surgical residents and attending physicians on three

different video game consoles and their own laparoscopic skills and suturing program 19. Both
current (≥3 hours per week) and past gamers were faster and made fewer errors. When
looking at demonstrated video game skill, subjects in the top tertile made fewer errors and
performed faster. Baburdeen et al. performed a comparable experiment 20. Not only did they
show that participants who scored higher on the Nintendo Wii (Nintendo Co., Ltd., Kyoto,
Japan) were better with a box trainer, but also that experienced (non-Wii) gamers scored
higher on both the Wii and the box trainer.
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Table 2: controlled experiments using games as an intervention to improve simulator performance
Article

Groups (n)

Intervention

Simulator used

Results

2 physical tasks,
1 VR task, both
on ProMIS
(box/VR)
2 physical tasks
on ProMIS (box)

Trend towards better
performance after playing on the
Wii

Boyle
2011 24

Students: Wii
(11) vs. control
(11)

A total of 3 hours
in 1 week on the
Wii

Plerhoples
2011 23

Laparoscopic
novices: game
(20) vs. control
(20)

10 minutes with
mobile game
before testing on
simulator

Bokhari
2010 25

Interns:
Wii (14) vs.
control (7)

50 levels of
Marble Mania with
own Wii controller

Electrocautary
task on ProMIS
(box)

The Wii group was significantly
more faster, proficient and made
fewer errors

Schlickum
2009 15

Surgical novices:
3D game (15) vs.
chess game (15)
vs. control (10)

Five weeks of
intensive,
systematic video
game training (Half
Life, Chessmaster)

MIST-VR and
GI Mentor II
(both VR)

The group that played the 3D
game scored better on both
simulators; the chess game
showed improvement on one
simulator

Schlickum
2008 26

Surgical novices:
FPS (11) vs.
non-FPS (11) vs.
control (4)

Five weeks of
intensive,
systematic video
game training

MIST-VR and
GI Mentor (both
VR)

The FPS (first person shooter)
group scored significantly better
on the MIST-VR simulator

Sadandanan
2008 22

Ob/Gyn interns
and students (30)

10-20 minutes of
Super Monkey Ball
using joystick

3 tasks on a
pelvic trainer
(box)

Playing video games improved
laparoscopic skills and time to
complete the tasks

Rosenberg
2005 21

Students: games
(5) vs. control
(6)

2 weeks to play
any type of video
game (avg. 6,2h)

4 laparoscopic
tasks in a swine
model (AM)

There was no difference between
the game and control group after
gaming for two weeks

Warming-up with a game prior
to using a laparoscopic simulator
decreases errors

VR: Virtual Reality simulator, box: box trainer, AM: animal model, white: positive effect, grey: no effect shown

Games used to improve laparoscopic skills
In 2005, Rosenberg et al. published the results of the first controlled experiment in which
video games were used to improve laparoscopic skills

21

. Eleven medical students were

randomized into two groups, after performing four different laparoscopic tasks in a swine
model. The intervention group (n=5) played video games on an average of 6.2 hours during
two weeks, while the control group (n=6) did not play any video games during this period.
Afterwards, the tasks were repeated and the scores were evaluated. In contrast to the
hypothesis, no correlation between video game training and changes in laparoscopic skills
could be found.
Sadandanan et al. showed that one’s skill on a box trainer would directly improve after
playing 10 minutes of a console version of Super Monkey Ball (SEGA Corp., Ota, Tokyo,
Japan), a popular balance game using a joystick

22

. Their study, however, lacks a control

group. Plerhoples et al. used the similar game Super Monkey Ball 2 for iPhone, in which real
36

balance is used, as a warming-up prior to performing a laparoscopic simulator task

23

.

Plerhoples did include a control group and stratified for previous game experience, and found
that the group that warmed up using the video game made significantly less errors.
More recently, a Nintendo Wii version of Super Monkey Ball, which uses the motion sensitive
Wii controller, was used by Boyle et al. to train laparoscopic skills in students

24

. After an

intake session, in which two physical and one virtual reality task was performed on a ProMIS
simulator, the students (n=11) played three hours of mini-games during one week. All three
tasks were then performed for a second time and compared with a control group (n=11).
Although practicing on the Wii was associated with a trend toward a better second
performance, there was no significant difference.
A more intensive training program was developed by Bokhari et al., who used Marble Mania
(Kororinpa in Europe and Japan, Hudson Soft Co., Ltd., Tokyo, Japan), a similar balance
game for Nintendo Wii, in combination with a custom made Wii controller add-on that
mimics a laparoscopic instrument 25. A group of surgical residents (n=14) completed 50 levels
of increasing difficulty directly before performing an electrocautery procedure on the ProMIS
simulator. Compared to a control group (n=7), the trained residents took significantly less
time, made fewer errors, and were more proficient in their hand movements.
Schlickum et al. performed two trials in which the effects of 2D and 3D games were
evaluated

15,26

. It was hypothesized that visuospatially challenging video games, such as first

person shooters (FPS), have a greater impact on laparoscopic skills. When playing these
games, the player has to create a 3D image in his mind, while the action is perceived through
a 2D representation on a monitor, similar to a laparoscopic procedure. In their pilot study, 26
surgical novices were tested on a laparoscopic (MIST-VR) and an endoscopic simulator

26

.

Afterwards, the participants were matched and randomized into three groups: a FPS group
(n=11), a non-FPS group (n=11) and a control group (n=4). The gaming groups played their
specific game for half an hour, five days a week for five weeks and were then retested,
together with the control group. The FPS group scored significantly better on the laparoscopic
simulator than the group that had played a non-FPS game. Scores of the control group were
not presented in the results section. In their second study, a similar experiment was performed
using three groups: a Half-Life (Valve Software Corp., Bellevue, WA, United States of
America) group (3D game, n=15), a Chessmaster (Ubisoft Entertainment S.A., Rennes,
France) group (2D game, n=15) and a control group (n=10)

15

. Again, the same intensive

training scheme was followed for five weeks. After retesting, the Half-Life and the

37

Chessmaster groups scored significantly better on the MIST-VR simulator than the control
group, in which no significant improvement was found.
Discussion
There is evidence for a positive relationship between video game experience and laparoscopic
simulator skills. This has also been found for endoscopy, which requires similar visuospatial
abilities

15,26,32

. However, it should not be forgotten that the few studies providing this

evidence are observational studies, which only show a correlation between laparoscopic skills
and video game experience. Correlation does not imply causation. One theory, for example, is
that innate dexterous people will be attracted to video games, because higher scores will be
more rewarding for them 7. Dexterous non-gamers have indeed proven to score better at a
racing game than their colleagues

33

. This does not render the observational studies useless,

since the positive effects have also been shown in controlled experiments.
Interestingly, when using video games as an intervention to improve laparoscopic simulator
skills, there seem to be two totally different effects; a direct, warming-up effect and, on the
long run, a learning effect. The warming-up effect can be seen directly after playing a balance
game, with either a joystick or real balance (tilting a handheld computer), for about 10
minutes 22,23,25. The long-term learning effect seems to kick in only after an intensive training
program in which video games have to be played almost each day for several weeks

15,19,26

.

Playing games for only a few hours during one or two weeks does not seem to have any
significant effect on laparoscopic skills 21,24.
Currently, there is no standard definition for “video game experience”, nor is there a
validated, standard questionnaire for previous or current experience. Rosser et al. have made
the “The Amount of Video Game Experience Scale” for their own study, but did not publish
their scale for further public use

19

. Other studies use totally different measures for game

experience, such as total hours of game experience

20

, self reported novice, expert or non-

gamer 12 or whether one simply “likes TV-games” or not 13. Van Dongen et al. defined video
game experience as “an average playing time of at least 10 hours per week”, but failed to
collect a group that does, with gaming interns playing an average of only 1.9 hours per week
18

. A good scale should not only account for the total hours of gameplay, but should also

describe the distribution of these hours over a lifetime, since children have more free time to
play video games than students, interns or surgeons. Schlickum et al. tackled this problem by
letting participants score their game experience on a 7-point Likert scale (1 corresponded to
never playing, 7 corresponded to playing every day) for current experience and between ages
38

1–6, 7–12, and 13–18 15. Because all studies use a different definition it is difficult to compare
them on an equal level.
While most studies focus on current generation students and interns, some discuss the effect
of video game experience gained on different ages 15-18. It is still hard to evaluate the effect in
current day surgeons, since the phenomenon of gaming developed later during their lives. It
seems that younger gamers (≤12 years) do not score significantly better on laparoscopic
simulators than their non-gaming peers, but experimenting with this age category seems quite
challenging

17,18

. When comparing experience gained during puberty, however, a lasting,

positive effect can be observed 15,16,18.
It should be noted as well, that almost all trials have used small research groups and have
observed totally different parameters. While some studies only report that gamers are faster at
laparoscopic tasks, others mention a shorter path length for tools or a better cumulative score.
The various simulators owned by the research groups can explain this lack in uniformity. It is
advised that further research on this subject is performed using a more standardized scoring
system, such as the FLS peg transfer task 30,34.
Simulators have proven their usefulness in laparoscopy. However, they are expensive, mostly
boring and not rapidly available. Video games, on the other hand, are cheap, could be used for
teaching, and are preferred over lectures

35,36

. A competition with other peers also increases

the motivation to voluntary join skills training 37. The literature in this review has shown that
video games could be part of a program for training basic laparoscopic skills in surgical
novices. Senior surgeons may also benefit from video games, by using them as a warming-up
prior to laparoscopic interventions. A video game, specifically designed to improve basic
laparoscopic skills, could make virtual reality training cheaper and more fun

15,17,20,25,35

. Of

course, video games can never replace true simulators and real operating room experience.
There is a correlation between playing video games and basic laparoscopic skills. However,
the existing evidence is too weak to definitely establish the positive effects of gaming in the
development of these skills. Till now, there is no validated scale or questionnaire to assess
game experience, and neither do researchers use a uniform method to measure laparoscopic
skills. Future trials should be more standardized and adequately powered, so stronger
evidence on this subject can be acquired.
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Chapter 3
Training basic laparoscopic skills using a custom-made
video game
J. Goris*, M.B. Jalink*, H.O. ten Cate Hoedemaker
Perspectives on Medical Education. 2014 Sep;3(4):314-8.
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Abstract
Video games are accepted and used for a wide variety of applications. In the medical world,
research on the positive effects of playing games on basic laparoscopic skills is rapidly
increasing. Although these benefits have been proven several times, no institution actually
uses video games for surgical training. This Short Communication describes some of the
theoretical backgrounds, development and underlying educational foundations of a
specifically designed video game and custom-made hardware that takes advantage of the
positive effects of games on basic laparoscopic skills.
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Background
The use of video games for training basic laparoscopic skills, such as inverted movements,
eye–hand coordination, depth perception, and ambidexterity, is not an entirely new concept.
In the past ten years, the combination of games and surgery has gained much interest, and the
scientific literature on the subject is rapidly increasing. It is considered proven that video
game experience correlates with laparoscopic skills

1,2

, and a number of controlled

experiments have shown that video games can be used to increase basic laparoscopic skills in
novices in the short- and middle-long term.
Schlickum et al. showed that a group of medical students, after five weeks of training with a
first person shooter for at least half an hour a day for five days a week, scored significantly
better on a laparoscopic simulator than a matched group that had not been playing video
games at all 3. Similarly, a short and temporary warm-up effect on basic laparoscopic skills
was observed in several studies using a three-dimensional balance game for a game console or
a mobile phone 4,5.
Although the positive effects of video games on the aforementioned skills can be considered
legitimate, no actual game has been developed to benefit from these positive effects. One
article written by Bokhari et al. in 2010, however, describes how a custom-made controller
add-on for the motion sensitive Wii console (Nintendo Co., Ltd., Kyoto, Japan) can be used to
play an existing balance game 6. Using this add-on, the Wii Remote mimics a laparoscopic
instrument and can be used to train eye-hand coordination. A group of surgical residents, who
completed 50 different levels using this method, were significantly faster, better and moved
more proficiently with an electrocautery procedure on a virtual reality simulator than the
control group.
Cutting Edge, a collaboration between the University Medical Center Groningen, game
developer Grendel Games and the LIMIS Institute for Healthcare Innovations & Training, is
creating a video game specifically aimed at laparoscopic training. By developing both
advanced Wii Remote add-ons and custom video game software, we hope to create a method
that is fun, cost-effective and able to help surgical novices train basic laparoscopic skills
better than traditional games. Underground will differ from existing video games in the sense
that the movements made during the game will have a lot more in common with laparoscopy
than traditional games, and it is our theory that it can be validated in the same manner as
virtual reality surgical simulators.
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The game
In Underground (working title), players use two Wii Remote controllers in custom-made
laparoscopic tool shells to play a game that is based on movements made during laparoscopic
surgery. In contrast to simulators, the game does not contain actual medical content, but
comprises a story-driven mode, based on a fictional world where the player has to help small
robots to escape from a mine. To aid the robots in their escape, the player controls two large
robotic arms and demolishes and rebuilds the environment of the mine.
The concept of a mine was chosen because laparoscopic surgeons also work in a primarily
dark area and have to break things (adhesiolysis, ligation of mesentery, resections) before
they can start to rebuild (anastomoses, hernia repairs). In the process, the development of a
traditional simulator was knowingly avoided.
The gameplay of Underground consists of a mixture of action and puzzles in a sandbox-like
environment. The main goal, escaping from the underground world, can be reached by
solving puzzles that require basic laparoscopic skills, cognitive skills and problem-solving
skills.

Figure 1: Screenshot of the game and the custom controller
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During the game, the players learn to handle analogous versions of laparoscopic equipment
under familiar circumstances such as the lack of depth perception and inverse movements.
The game has four distinct themes, each with five different levels and a final boss. To defeat
the boss at the end of each world, the player has to combine all the skills that were learned
during the previous levels.
To ensure that the learning goals (inverted movements, eye–hand coordination, depth
perception, and ambidexterity) are met in the game, the game-based activities were aligned
with the learning goal activities, using the constrained design approach to instructional
computer games, as described by Shelton and Scoresby 7. One learning goal, for example, is
the training of depth perception. The associated game-based activities are freeing frozen
robots from ice by touching them, killing enemies by using the electric wielder tool and
picking up scrap metal in a three-dimensional world. In another example, ambidexterity is
trained by collecting scrap metal by holding it with one instrument and drilling it loose with
the other instrument.
The player is rewarded for handling the equipment carefully and minimizing collateral
damage. Causing collateral damage results in the crumbling of walls or falling stalactites,
impeding progress to the exit of the level for some robots. The less collateral damage you
cause, the more robots you save.
Validation
Although Underground is not an actual simulator, it will be validated through a traditional
validation process, as described by the European Association of Endoscopic Surgeons in their
consensus guidelines for the validation of virtual reality surgical simulators 8. In this process,
called test validation, face, content, construct and concurrent validity of a simulator need to be
obtained before one can state that such a machine actually measures or tests what it is
supposed to: basic laparoscopic skills.
A prototype of the game, which contained a single level aimed at training all four learning
goals, has proven to possess a solid construct and concurrent validity 9. This was achieved by
comparing the scores of experts and novices (surgeons and internists, respectively) on both
the game and a gold standard test. Not only is there a significant difference in score between
experts and novices, but a high correlation between both the video game and gold standard
scores was found as well.
Face validity of a near-final version of the game was obtained at the Chirurgendagen 2013, a
three-day annual congress of the Netherlands Society of Surgery, by letting experts play the
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game and letting them fill in a questionnaire on the hardware and software, based on similar
research in the field. The results are currently being analyzed and will be submitted for
publication shortly.
Finally, content validity, which deals with the correctness of medical content in a surgical
simulator, cannot be tested in Underground (or any serious game for that matter) because the
game completely lacks medical content, such as anatomy or procedural knowledge, on
purpose. The authors will therefore refrain from testing this validity.
Once the test validation on the final version of the game is finished, we can start looking at
the actual effects of the game on basic laparoscopic skills, the so-called experimental
validation. As noted before, video games can positively influence basic laparoscopic skills in
both the long and short term

3–5

. Whether Underground possesses similar training or

warming-up effects will be studied in controlled experiments using interns and residents when
the game is ready for release.
Conclusion
Games could be used to train basic laparoscopic skills in surgical trainees, but to our
knowledge no actual institution does so. Therefore, we are developing a motion-sensitive
video game that uses custom-made Wii Remote add-ons that is specifically aimed at training
those skills, hoping to be of better use than normal games and creating a fun and affordable
training method. While the video game hardware and software is currently still under
development, we have already started a traditional validation process, proving that our game
has acceptable face, construct and concurrent validity in comparison to existing simulators.
However, more research on both the test and experimental validity of the game should be
carried out before we can actually use it in surgical training. The Wii U video game and its
hardware are aimed for release at the end of 2013.
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Chapter 4
Face validity of a Wii U video game for training basic
laparoscopic skills
M.B. Jalink, J. Goris, E. Heineman, J.P.E.N. Pierie, H.O. ten Cate Hoedemaker
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Abstract
Background: Although the positive effects of playing video games on basic laparoscopic skills
have been studied for several years, no games are actually used in surgical training. This
paper discusses the face validity of the first video game and custom-made hardware which
takes advantage of these effects.
Methods: Participants were recruited at the Chirurgendagen 2013 and the SAGES 2014
annual meeting. In total, 72 laparoscopic surgeons completed a demo of the game and filled
in a questionnaire.
Results: On a 1-to-10 scale, the mean score for hardware realism was 7.2 and the mean score
for usefulness as a training tool was 8.4. Participants didn’t mind the fact that the workspace
doesn’t look like an abdominal cavity, but do have some trouble with the absence of tactile
feedback.
Conclusion: We obtained face validity for both the hardware and the usefulness of
Underground, a video game made for training basic laparoscopic skills.
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Introduction
In the last twenty years, laparoscopy has become a standard part of surgical traineeship.
Therefore, surgeons in training are required to learn and refine cognitive and psychomotor
skills 1. In most universities in the Netherlands, the basics of laparoscopy are taught through a
training program such as the extensively validated FLS Program of the SAGES 2. Besides
these courses, trainees have access to Virtual Reality (VR) simulators, which are in most
cases used voluntarily. VR simulators are becoming more important, since other methods,
such as traditional box trainers or animal models, require human monitoring. This makes
traditional methods subjective, expensive, and time consuming 3. Not only can VR simulators
be used to train basic laparoscopic skills, but they’re also able to teach properties such as
anatomy and procedural skills and knowledge.
Although most VR simulators have been validated to a certain extent

4,5

, it is our experience

that surgical trainees do not use them as they’re supposed to. After the basic laparoscopy
course most trainees skip the VR simulators and start their learning curve on actual patients.
This way, none of the purported benefits of these simulators, such as training basic
laparoscopic skills, anatomy, and procedural knowledge, can come to fruition.
There is increasing research on the effects of playing game on basic laparoscopic skills. Not
only is there a correlation between video game experience and basic laparoscopic skills as
tested on a simulator

6,7

, but several experiments showed that video games can be used to

improve basic laparoscopic skills on both the long

8,9

and short term

10,11

. Although these

positive effects have been studied for more than ten years 12, no actual video game has been
developed or used for surgical training.
Cutting Edge, a collaboration between the University Medical Center of Groningen (UMCG),
the Leeuwarden Institute of Minimally Invasive Surgery (LIMIS) and Grendel Games,
developed a video game, called Underground, and custom-made hardware to take advantage
of the positive effects of playing video games of laparoscopic basic skills and to stimulate and
intensify voluntary training in young surgeons 13. In this video, which has been developed for
Wii U console (Nintendo Co., Ltd., Kyoto, Japan), players use two Wii Remote controllers in
custom-made laparoscopic tool shells to play a game that is based on movements made during
laparoscopic surgery. In contrast to simulators, the game does not contain actual medical
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content, but comprises of a story-driven mode, based on a fictional world where the player
has to help small robots to escape from a deep mine. To aid the robots in their escape, the
player controls two large robotic arms and demolishes and rebuilds the environment of the
mine. The concept of a mine was chosen because laparoscopic surgeons also work in a
primarily dark area and have to “break” things (adhesiolysis, ligation of mesentery,
resections) before they can start to “rebuild” (anastomoses, hernia repairs). In the process, the
development of a traditional simulator was knowingly avoided and thus does it only serve the
purpose of training basic laparoscopic skills (eye hand coordination, depth perception, inverse
movements and bimanual operation), and is not aimed at teaching anatomy or procedural
skills or knowledge.

Figure 1: a screenshot of the game and a 3D render of the hardware that was used

Goals and hypothesis
Without convincing evidence, Underground would just be an ordinary video game. So before
one can start using it as a tool for training, it has to be validated according to international
standards

4,5,14

, just as normal laparoscopic simulators. Previous research on the test validity

of Underground showed solid construct and concurrent validity 15. This paper is solely aimed
at the face validity of the game. It is our hypothesis that laparoscopic surgeons, both experts
and novices, will rate the hardware (realism, ergonomics, and movement) and the usability at
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an acceptable level and have no problem with the fact that the software does not simulate an
actual abdomen.
Methods
Participants
Participants were actively recruited at the Chirurgendagen 2013, the annual congress of the
Netherlands Society of Surgery, and the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) annual meeting of 2014 in Salt Lake City. In total, 77 persons completed
a demo of the Underground game and filled in the face validity questionnaire. Five persons
were excluded because they had no experience with laparoscopy at all. The average age was
38.2 year and 91.7% of the participants were male. Surgeons, who had performed more than
50 laparoscopic interventions in the past five years (n=59), were considered experts.
Apparatus and tasks
The complete game set consists of a TV or a beamer, a Nintendo Wii U game console, two
Nintendo Wii Remote controllers in custom-made laparoscopic tool shells, software, four
infra-red (IR) Light Emitting Diodes (LEDs) placed on a base plate, and two small oarlocks
on poles to resemble trocar sites (figure 1). The Wii Remotes use their built-in IR camera to
see the IR LEDs on the bottom of the base plate. This way, their position can be determined
and linked to the tools shown on the screen. The handles trigger the joysticks mechanically so
that the graspers on screen can be opened in a natural way. A button on the back of the
joystick is used to activate other tools, such as a driller or a welder. Although the game was
still in development during this study, participants were able to play the final version of
several levels of the game using the final version of the hardware. Participants were observed
and instructed while playing the first, introductory two levels of the game, in which new tools
and gameplay elements are introduced. The voluntary gameplay ranged from five to fifteen
minutes.
Assessment
After completing the demo, participants filled in the face validity questionnaire. Since there is
no standard questionnaire for face validity research, we composed a questionnaire based on
other validation studies of laparoscopic simulators

3,16,17

. Besides closed questions on the

importance of simulation in general and Underground as a training tool compared other
simulators, 1 to 10 visual analogue scale (VAS) scores (1 = lowest score, 10 = highest score)
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with questions on the authenticity of the controls, possible usefulness in training, and the lack
of haptics and real anatomy were used to assess the opinion of the participants. A score of 6.0
or higher was considered as a sufficient score.
Evaluation
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) for Mac,
version 19 (IBM, Armonk, NY, United States of America). Because not all data were
normally distributed, the median scores of the questions (on a scale from 1 to 10) and their
interquartile ranges were calculated. Answers to the questions and the statements were
depicted using descriptive statistics.
Results
A summary of the responses to the questions in the face validity questionnaire can be found in
table 1. On average, realism of the hardware scores a 7.2 out of 10. The usefulness of
Underground as a serious tool for training was given a 8.4 out of 10. The answers to the
closed questions can be found in table 2.
Table 1: Answers to the face validity questionnaire

Questions
Underground hardware
How realistic do the instruments…
… look in comparison to real instruments?
… move in the real world?
… work in the real world?
… move in the game world?
… work in the game world?
… are the ergonomics of the instruments?
Underground as a training tool
How useful is Underground for training …
… eye hand coordination?
… depth perception?
… inverse movements?
… bimanual operation?
… in general?
Possible Underground disadvantages
How troublesome is the lack of tactile
feedback?

Score: median (inter-quartile range)
Novices (n=13)

Experts (n=59)

Total (n=72)

7.0 (2.5)
6.5 (2.5)
7.0 (2.0)
7.0 (3.0)
7.0 (2.0)
7.5 (1.3)

7.0 (2.0)
7.0 (2.5)
7.0 (1.5)
7.0 (2.0)
7.5 (1.5)
7.5 (2.0)

7.0 (2.0)
7.0 (2.5)
7.0 (1.9)
7.0 (2.5)
7.5 (1.5)
7.5 (1.5)

8.5 (1.0)
8.5 (1.5)
8.5 (0.8)
8.5 (1.0)
8.0 (2.0)

8.5 (1.5)
8.0 (1.5)
8.0 (1.5)
8.5 (1.5)
8.5 (1.5)

8.5 (1.5)
8.5 (1.4)
8.0 (1.0)
8.5 (1.0)
8.5 (1.5)

5.5 (4.0)

6.0 (4.5)

6.0 (4.0)

8.0 (3.5)

8.0 (2.5)

8.0 (2.5)

(1 = very troublesome, 10 = not troublesome at all)

How important is it that the workspace looks
like an abdominal cavity?
(1 = very important, 10 = not important at all)
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Table 2 Answers to the face validity questionnaire

Statements

Novices (n=13)

Experts (n=59)

Total (n=72)

It is necessary that residents follow a
basic laparoscopy course before they
can operate on actual patients.

Yes: 92.3%
No: 7.7%
No opinion: 0%

Yes: 88.1%
No: 10.2%
No opinion: 1.7%

Yes: 88.9%
No: 9.7%
No opinion: 1.4%

It is important that residents train in a
virtual reality setting (like the
LapMentor, Simendo or Xitact).

Yes: 76.9%
No: 23.1%
No opinion: 0%

Yes: 84.7%
No: 10.2%
No opinion: 5.1%

Yes: 83.3%
No: 8.3%
No opinion: 8.3%

It is important that residents maintain
their skills in a virtual reality setting
using a virtual reality simulator.

Yes: 61.5%
No: 7.7%
No opinion: 30.8%

Yes: 76.3%
No: 13.6%
No opinion: 10.2%

Yes: 73.6%
No: 12.5%
No opinion: 13.9%

It is important that residents train in a
virtual reality setting using a game (like
the Underground).

Yes: 69.2%
No: 7.7%
No opinion: 23.1%

Yes: 69.5%
No: 13.6%
No opinion: 16.9%

Yes: 69.4%
No: 12.5%
No opinion: 18.1%

It is important that residents maintain
their skills using a game (like
Underground).

Yes: 46.2%
No: 7.7%
No opinion: 46.2%

Yes: 54.2%
No: 25.4%
No opinion: 20.3%

Yes: 52.8%
No: 22.2%
No opinion: 25.0%

Underground is a useful tool to
measure laparoscopic skills.

Yes: 84.6%
No: 7.7%
No opinion: 7.7%

Yes: 76.3%
No: 13.6%
No opinion: 10.2%

Yes: 77.8%
No: 12.5%
No opinion: 9.7%

Underground is a useful tool for
learning basic laparoscopic skills.

Yes: 100%
No: 0%
No opinion: 0%

Yes: 91.5%
No: 3.4%
No opinion: 5.1%

Yes: 93.1%
No: 2.8%
No opinion: 4.2%

Underground is potentially a costeffective training tool to learning basic
laparoscopic skills.

Yes: 61.5%
No: 38.5%
No opinion: 0%

Yes: 79.7%
No: 3.4%
No opinion: 16.9%

Yes: 76.4%
No: 2.8%
No opinion: 20.8%

Discussion
The results show that expert and novice laparoscopic surgeons both value the Underground
video game at an acceptable level. Both the hardware and the transfer of movements to the
video game world are deemed realistic compared to normal laparoscopy. The game also gets
high scores when looking at its usefulness for training all basic laparoscopic skills that it is
supposed to train; eye hand coordination, depth perception, inverse movements and bimanual
operation. Although face validity is a very subjective measurement

14

, we are satisfied with

the aforementioned scores on hardware and usefulness and assume that the positive opinion of
our participants can be generalised to the general surgical population.
Participants don’t mind the fact that the workspace does not look like an actual abdominal
cavity, but seem to have some trouble with the absence of tactile feedback in the game. It is
possible to add some haptics to the game, because the Wii Remote does have a vibrating
motor inside. However, it can only vibrate at one frequency, which will let the construction
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vibrate in such a manner that the on-screen tools get disrupted. Due to this technical
limitation, tactile feedback was scrapped in an early stage of development. The lack of tactile
(or haptic) feedback is a common point of criticism for the majority of the laparoscopic
simulators. However, the ones that do have tactile feedback, such as the LapMentor II
(Simbionix, Cleveland, OH, United States of America), do not benefit from it

18,19

. In an

experimental setting, haptics have proven useful in advanced tasks, resulting in faster
completion, but did not demonstrate an appreciable performance improvement in basic
laparoscopic tasks 20.
Limitations of the study
Face validity is a subjective form of validation 14. For testing laparoscopic simulators, there is
no standard questionnaire and no consensus on how many participants should be included in a
study. We based our questionnaire on existing validation research on traditional simulators.
Another limitation of the study is the fact that the participants have not played the full and
final version of the game. Since video games generally take much more time than a traditional
simulator, testing a full version of the game would be too labor-intensive. However, the levels
that were presented to the participants are representative for the rest of the game.
Finally, it should be mentioned that face validity is just a small part of supporting the test
validity, which also consists of content, concurrent, and construct validity. The latter two have
already been tested and published separately 15.
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Chapter 5
Construct and concurrent validity of a Nintendo Wii video game
made for training basic laparoscopic skills
M.B. Jalink, J. Goris, E. Heineman, J.P.E.N. Pierie, H.O. ten Cate Hoedemaker
Surgical Endoscopy. 2014 Feb;28(2):537-42.
Abstract
Background: Virtual reality laparoscopic simulators have been around for more than ten
years and have proven to be cost- and time-effective in laparoscopic skills training. However,
most simulators are, in our experience, considered less interesting by residents and are often
poorly accessible. Consequently, these devices are rarely used in actual training. In an effort
to make a low cost and more attractive simulator, a custom-made Nintendo Wii game was
developed. Ultimately, this game could be used to train the same basic skills as virtual reality
laparoscopic simulators ought to do. Before such a video game can be implemented into a
surgical training program, it has to be validated according to international standards.
Methods: The main goal of this study was to test construct and concurrent validity of the
controls of a prototype of the game. In this study, the basic laparoscopic skills of experts
(surgeons, urologists and gynecologists, n=15) were compared to those of complete novices
(internists, n=15), using the Wii Laparoscopy (construct validity). Scores were also compared
to the FLS Peg Transfer test, an already established assessment method for measuring basic
laparoscopic skills (concurrent validity).
Results: Results showed that experts were 111% faster (P=0.001) on the Wii Laparoscopy
task than novices. Also, scores of the FLS Peg Transfer test and the Wii Laparoscopy showed
a significant, high correlation (r=0.812, P<0.001).
Conclusions: The prototype setup of the Wii Laparoscopy possesses solid construct and
concurrent validity.
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Introduction
Virtual reality (VR) laparoscopic simulators have been around for more than ten years 1 and
have proven to be cost- and time-effective in laparoscopic skills training
simulators are widely accepted as tools for training these skills

4

2-4

. Nowadays,

and are incorporated into

several surgical training programmes. However, it is the trainers’ experience that VR
simulators are not as often used as they should be. Training is advised and in some cases
compulsory, but it is often seen that residents only use simulators to reach the fixed training
goals, but avoid systematic practice afterwards. This way, the evidence based benefits can’t
come to fruition 5.
It has been suggested that a custom-made video game can be used to train basic laparoscopic
skills in surgical novices as well, creating a fun, easily accessible, and low cost alternative to
existing simulators

6-10

. A collaboration between two hospitals from the Netherlands and a

game developer among others, started the development of a custom-made video game for
Nintendo’s Wii video game console that could be used to train basic laparoscopic skills. The
goal of this co-operation is to create and sell a video game that solely focuses on training
these basic skills, creating a fun training method that will eventually be put on the market for
an acceptable price, even for the general consumer.
The Wii (Nintendo Co., Ltd., Kyoto, Japan) is a popular, low cost video game console that is
controlled by motion-sensing, remote like controllers. To mimic the movements made in
laparoscopic surgery, a custom-made Wii Remote add-on was developed (figure 1). Using
two of these controllers and specially written game software, novices can train basic
laparoscopic skills, such as inverted movements, eye hand coordination, depth perception, and
ambidexterity. The development of a traditional simulator was knowingly avoided. Although
similar setups have been made with existing Wii games 9, this is the first time that video game
hard- and software were specifically designed for training basic laparoscopic skills.
There is general consensus that laparoscopic simulators have to be validated before they can
be implemented into a surgical training program. The demonstration of construct and
concurrent validity are essential parts of this process

11-13

. Therefore, the construct and

concurrent validity of the current prototype was tested according to international consensus
described by the Work Group for Evaluation and Implementation of Simulators and Skills
Training Programmes of the European Association for Endoscopic Surgery (EAES) 11.
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Figure 1: a 3D computer render cut-through of one of the custom-made Wii Remote add-ons,
resembling a laparoscopic grasper

Goals and hypotheses
The main goal of this study was to acquire construct and concurrent validity for the controls
of the Wii Laparoscopy, which are in short two of the four validation tests a fully developed
simulator has to endure before it can be deployed as an actual, evidence based laparoscopic
simulator 11,12. The other two validation tests are face validity, which will be tested separately
in a larger group of experts, and content validity, which does not apply for a simulator that
knowingly lacks anatomy and real procedures. In this study it was hypothesized that the
custom-made Wii Laparoscopy video game could differentiate between novices and
laparoscopic experts and therefore had good construct validity, and that performance scores
from the Wii Laparoscopy would correlate with a similar assessment method used as a
control, proving its concurrent validity.
Methods
Participants
In this study, the basic laparoscopic skills of experts were compared to those of complete
novices, using the Wii Laparoscopy game and the Fundamentals of Laparoscopy (FLS) Peg
Transfer test. The expert group consisted of surgeons, gynecologists and one urologist with
extensive laparoscopic expertise (minimally 100 laparoscopic interventions in the last five
years). In contrast to other studies in the field

14,15

, medical interns were not used as

laparoscopic novices, because they are likely to be more adapted to modern technology
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(games, blind typing, smartphone usage) than current-generation surgeons 16. Therefore, other,
non-surgical doctors of the same generation were chosen to form a group with similar
baseline characteristics such as gender, age, educational level, and video game experience
17,18

. Hence, internists with no experience with laparoscopy or endoscopy were chosen as

novices. Participants were recruited throughout the Netherlands. No participants suffered
from a physical disability that prevented them from successfully finishing one of the tasks and
none had a medical reason to avoid video games, such as epilepsy. Surgeons and
gynecologists that had already partaken in our pilot studies were excluded.
In total 15 experts (11 surgeons, 3 gynecologists and 1 urologist) and 15 novices were
included in the study. Experts had performed an average of 272 (± 123) laparoscopies in the
last five years; novices had no laparoscopic experience whatsoever. Demographic data is
shown in table 1, demonstrating that both groups are equal for sex, mean age, hand
dominance, and game experience on every age.
Table 1: Basic demographic data

Novices (n=15)

Experts (n=15)

P-value

12

10

1.000 F

Mean age in years (SD)

44 (±10)

42 (±8)

0.629 T

Hand dominance (right)

13

15

0.483 F

Mean GE as a child (scale 1-7)

1.67

2.47

0.706 M

Mean GE as an adolescent (scale 1-7)

1.93

2.87

0.581 M

Mean GE as a student (scale 1-7)

1.80

2.80

0.145 M

Mean GE as a resident (scale 1-7)

1.73

2.80

0.103 M

Mean GE as an attending (scale 1-7)

2.27

1.93

0.932 M

Sex (male)

* = significant difference (α = 0.05), GE = game experience
T

= independent samples Student’s T-test, F = Fisher’s exact test, M = Mann-Whitney U test (all are 2-tailed)
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Apparatus and tasks
The complete Wii Laparoscopy prototype consists of a 15 inch (16:9) flat-screen TV, a
Nintendo Wii, two Nintendo Wii Remote controllers in custom-made laparoscopic tool shells,
software, four infra-red (IR) Light Emitting Diodes (LEDs) placed on a base plate, and two
small oarlocks on poles to resemble trocar sites. Because participants were tested in different
hospitals throughout the North of Holland, the prototype setup was mounted into a trolley
briefcase (figure 2). The Wii Remotes use a built-in IR camera to see the IR LEDs on the
bottom of the briefcase. This way, their position can be determined and linked to the tools
shown on the screen. The handles trigger the joysticks mechanically, so that the graspers on
screen can be opened in a natural way. A button on the back of the joystick is used to activate
a driller tool.
Players use the controllers to play a game that is based on the movements made during
laparoscopic surgery. In contrast to other simulators, the Wii Laparoscopy does not contain
actual medical content, but comprises a fictional mine-world in which players have to drill
pieces of scrap of a wall, using two large, rigid robotic arms. Participants then had to drop the
ten pieces of scrap metal into a virtual melting pot. A driller was placed in the dominant hand
and a set of graspers was placed in the non-dominant hand. Scrap had to be hold firmly with
the graspers before it could be drilled loose. To evade testing properties as intelligence or
vision, a simple and clear level design was chosen.
A sum score was computed to determine participants’ performance. Time in seconds was
measured between the first grab and the final drop. The maximum time limit was set at 300
seconds and remaining scrap was counted as a penalty. Scrap that was dropped outside of the
melting pot was counted as an error. Errors and penalties counted as 17 seconds and were
added to the total score. This was chosen in accordance to the FLS Peg Transfer test.
Wii Laparoscopy scores were compared to the sum time score of the FLS Peg Transfer test 19,
a test that is extensively validated

20-23

to measure eye hand coordination, inverted

movements, depth perception, and ambidexterity. In this test participants had to transport six
beads that are placed on a board with twelve pegs from the left to the right pegs and back with
two laparoscopic graspers while transferring the beads in mid-air.
A camera was placed between the trocar poles and a plate was placed above the operating
field to prevent peeking. Tests were performed using the official FLS pegboard and beads.
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Figure 2: trolley briefcase containing the Wii Laparoscopy game and the FLS Peg Transfer test

Assessment
Testing took place in a quiet, separate room in different hospitals. Before the start,
participants received a brief introduction. All participants filled in a questionnaire for the
assessment of demographic data. Video game experience on different ages was measured
using 7-point Likert scales, as described by Schlickum et al. 6. Afterwards, the FLS Peg
Transfer test and the Wii Laparoscopy assignment were both performed twice. The first
attempts were considered introductory rounds; the second attempts were used for analyses.
Participants received no compensation for their participation.
Power analysis
Power analysis for a Pearson product-moment correlation coefficient was conducted in Power
Analysis and Sample Size (PASS) for Windows, version 11 (NCSS, Kaysville, UT, United
States of America) to determine a sufficient sample size using an alpha of 0.05, a power of
0.80, a large effect size (r= 0.65), a null hypothesis of 0.2, and two tails. The expected effect
size was based on an unpublished pilot study using a less advanced prototype (r=0.55) and a
similar study in which the FLS Peg Transfer test was compared to the path length of a virtual
reality version of the same test (novices: r=0.78, experts: r=0.86)

25

. Based on the

aforementioned assumptions, the desired sample size for concurrent validity was 27. Sample
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sizes for the construct validity were based on the pilot study and were set at ≥11 participants
per group.
Evaluation
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) for Mac,
version 19 (IBM, Armonk, NY, United States of America). Alpha was set at 0.05. Since a
small data set was used, normality was tested with a Shapiro-Wilk test. Homogeneity of
variance was checked using Levene’s test 26.
Results
Construct validity
Experts scored significantly better on both the Wii Laparoscopy and the FLS Peg Transfer
test, as shown in table 2. Since variance in data was not equal, a Welch’s T-test was
performed to show the difference in means. This showed that experts performed 111%
significantly faster on the Wii Laparoscopy than novices.
Table 2: Construct validity data, showing mean scores and their standard deviations in seconds

Novices (n=15)

Experts (n=15)

P-value

FLS Peg Transfer test total score

200 (19)

87 (5)

<0.001*

Wii Laparoscopy total score

209 (95)

99 (31)

0.001*

* = significant difference (α = 0.05)

Concurrent validity
Because experts were in general faster on both tests, combined total scores of novices and
experts for both the FLS Peg Transfer test and the Wii Laparoscopy were positively skewed.
After Log transformation both were normalized. The correlation between the FLS Peg
Transfer test and the Wii Laparoscopy total scores was analyzed using Pearson’s productmoment correlation coefficient. This correlation was significant, r=0.812, P (2-tailed) <0.001.
The linear regression line is shown in figure 3.
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Figure 3: scatter plot showing the correlation between FLS Peg Transfer test and Wii Laparoscopy scores

Discussion
There is general consensus that laparoscopic simulators must be validated before they can be
implemented into a surgical training program. The demonstration of construct and concurrent
validity are essential parts of this process

11-13

. This study demonstrated that the tested

prototype setup of the Wii Laparoscopy simulator is able to distinguish between two different
levels of experience, in this case expert laparoscopic surgeons (>100 laparoscopic
interventions performed in the last five years) and internists without any experience with
laparoscopy and/or endoscopy. More importantly 12, a significant high correlation between the
Wii Laparoscopy and the FLS Peg Transfer test scores was found. This indicates that our
video game-driven simulator has a solid concurrent validity as well, and is thus able to mimic
basic laparoscopic training exercises 11. This proves that a custom-made video game is able to
distinguish between different levels of experience and, even more important, is highly
correlated to an already established instrument 12.
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Although the controls of the prototype have proven their construct and concurrent validity, it
should be noted that an eventual final version will be different from the current construction.
The hardware will be modified into a more user-friendly design and the software will be
changed into a game in which the player has to solve more kinds of puzzles, using various
techniques. Therefore, this study does not qualify as a validation of the final product. In the
future, all parts of the final version will have to undergo a similar experiment to finally prove
their face, construct and concurrent validity, before this video game can be used to actually
train basic laparoscopic skills.
Limitations of the study
In this study only one parameter, a cumulative time and error score, was used. Although a
time score is used more often 13,15,23, one can not say which parameter is the best indication of
laparoscopic dexterity

27

. Theoretically it is possible to measure other parameters, such as

path length or economy of movement, with the Nintendo Wii. But because the FLS test is one
of the most validated and accepted scoring methods to date

20-23

, we decided to compare this

gold standard to our model. The Peg Transfer test was chosen in particular because of the
similarities in tested basic laparoscopic skills, such eye hand coordination, inverted
movements, depth perception, and ambidexterity.
Because there is currently no validated scale for measuring video game experience, it is not
possible to say whether or not both groups really match. To analyze the experience with video
games in different age categories and to create uniformity, the method described by
Schlickum et al. was used 6.
This study demonstrates the construct and concurrent validity of a custom-made video game
for Nintendo Wii, indicating that it is possible to use such a construction to train basic
laparoscopic skills. In the future, the Wii Laparoscopy setup will be developed further into a
full, commercially available video game, containing various levels for training a wider array
of basic laparoscopic skills.
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Chapter 6
The effect of a preoperative warm-up with a
custom-made Nintendo video game on the performance
of laparoscopic surgeons
M.B. Jalink, E. Heineman, J.P.E.N. Pierie, H.O. ten Cate Hoedemaker
Surgical Endoscopy. 2014 Nov 1. [Epub ahead of print]
Abstract
Background: It has previously been shown that short, pre-operative practice with a simulator,
box trainer, or certain video games can temporarily improve one’s basic laparoscopic skills;
the so-called warm-up effect. In this experiment we tested the hypothesis that Underground, a
video game made for training basic laparoscopic skills, can also be used for a pre-operative
warm-up.
Methods: 29 laparoscopic experts were randomized into two different groups, which were
tested on two different days. Group 1 (n=16) did a laparoscopic skill baseline measurement
using the FLS peg transfer test and the Top Gun cobra rope drill on day 1, and did the same
tests on day 2 after a 15 minute session with the Underground game. Group 2 (n=13) did the
same, but started with the video game, followed by baseline measurement on day 2. This way,
each participant served as its own control. Video recordings of both tasks were later analyzed
by two blinded reviewers.
Results: On day 1, group 2 was 14.33% (P = 0.037) faster in completing the peg transfer test.
A trend toward better cobra rope scores is also seen. When comparing the average
improvement between both days, group 1 – which used the game as a warm-up on day 2 –
showed a 19.61% improvement in cobra rope score, compared to a 0.77% score decrease in
group 2 (P = 0.002).
Conclusions: This study shows that the Underground video game can be used as a preoperative warm-up in an experimental setting.
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Introduction
The concept of “warming up” is defined as “to engage in exercise or practice especially
before entering a game or contest; broadly: to get ready”

1

and is commonly seen in a wide

variety of professional and skilled activities, such as sports, dancing, and music. It has been
shown that a warm-up can improve endurance performance of sports and can increase voice
quality in singers amongst others

2,3

. In the past few years, research has shown that a short,

preoperative warm-up can also enhance surgical performance, in particular in laparoscopic
surgery.
The first to describe this were Do et al., who showed that residents and medical students who
performed a simple transfer task in a box trainer were significantly better after a 10 minute
warm-up with the same exercise 4. However, this experiment fails to distinguish between a
learning effect and an actual warm-up 5. Kahol et al. performed several experiments, which
showed that a 15-20 minute warm-up on a simulator can result in a significant decrease of
errors, and an increase in speed when performing a different, simulated task 5. This was seen
in various groups with different experience levels. Conversely, Kroft et al. found that only
senior residents (in comparison to junior residents) performed a validated intracorporeal
suturing task significantly better after a 15 minute practice round 6.
The first to demonstrate the impact of the warm-up effect in the actual operating theater
setting were Calatayud et al. 7. Their study found that a 15 minute warm-up on a virtual
reality laparoscopic simulator significantly improved the performance of surgeons conducting
a laparoscopic cholecystectomy. Similarly, Moldovanu et al. showed that a 15 minute warmup with a virtual reality simulator increases the “respect for tissue” of a single surgical team,
performing fifteen uncomplicated laparoscopic cholecystectomies, but failed to show an
increase in other properties, such as “depth perception” and “bimanual dexterity” 8. Lee et al.
found that a similar exercise significantly improved the technical performance of the
mobilization of the colon during laparoscopic interventions performed by urology trainees 9,
and Mucksavage et al. described how a single urologist reduced his surgical time of
laparoscopic nephrectomies by 50 minutes, after he started doing a routine, preoperative
warm-up of 15-20 minutes of suturing exercises on a box trainer

10

. Finally, Chen et al.

recently demonstrated in a large group of gynecological residents (n=91) that subjects, who
performed three warm-up exercises on a box trainer prior to various laparoscopic
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interventions, were rated significantly higher by their (blinded) attending surgeon, irrespective
of the difficulty of the operation 11.
Interestingly, this pre-operative warm-up cannot only be achieved with laparoscopic box
trainers and virtual reality simulators, but also with video games

12

. The first to report this

were Sadandanan et al., who demonstrated that the laparoscopic skill, assessed by means of
three tasks in a box trainer, of medical students, ob/gyn residents, and attending gynecologists
improved significantly after playing the game Super Monkey Ball (SEGA Corp., Ota, Tokyo,
Japan) for just 10 minutes 13. Unfortunately, the researchers didn’t include a control group to
distinguish between a learning effect and the actual warm-up effect. Plerhoples et al.,
however, did include a control group. In their experiment with a similar game, Super Monkey
Ball 2 for mobile phones, they found that laparoscopic novices, who used the game to warmup for 10 minutes, made significantly fewer errors on a laparoscopic simulator than the
control group

14

. Bokhari et al. used a custom-made add-on for the motion sensitive Wii

controller (Nintendo Co., Ltd., Kyoto, Japan) to play the commercially available game
Kororinpa: Marble Mania (Hudson Soft Co., Ltd., Tokyo, Japan)

15

. Surgical residents that

had completed 50 levels of the game finished an electrocautery task on a laparoscopic
simulator faster, more proficient, and with fewer errors than a control group. The most
comprehensive study was performed by Rosser et al.

16

. Over the course of the years, 123

surgeons, who were enrolled in Rosser’s Top Gun laparoscopic suturing course, were asked to
play three different video games (six minutes per game) prior to performing certain validated
exercises of the course in a box trainer, including intracorporeal suturing. Again, it was found
that, compared to a control group (n=180), the subjects that had used video games as a warmup were significantly faster, and made fewer errors.
The Dutch company Cutting Edge has developed a video game for Nintendo’s Wii U game
console that is specifically designed to improve basic laparoscopic skills. In this game, called
Underground, players have to use two, large, robotic arms to manipulate the environment of a
mine, so that other, smaller robots can escape to the surface. The game is played with custommade hardware, shaped like laparoscopic instruments, which can be used to maneuver the
robotic arms in the video game world (figure 1). The motion sensitive Wii Remote
controllers, which are inserted into the special hardware, determine their position by detecting
four infra-red LEDs on a base plate, using a built-in infra-red camera 17. This way, the player
can play a video game using the same movements as made during laparoscopic surgery. The
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hardware has already shown to possess solid face, construct, and concurrent validity

18

.

However, experimental validity – the actual effect of the game on one’s basic laparoscopic
skills – has not yet been studied.

Figure 1: a photo of the custom-made Underground hardware and an in-game screenshot of the game

Goals and hypothesis
The goal of this study is to test the warm-up effect of Underground on expert laparoscopic
surgeons and experienced surgical residents. Given the previously discussed evidence of
preoperative warm-up, it is our hypothesis that playing the Underground video game for 15
minutes prior to performing a laparoscopic test in a box trainer will significantly reduce
operating time. Our null hypothesis is that the game will have no influence on one’s
laparoscopic skill at all.
Methods
Participants
Participants were recruited at the University Medical Center Groningen (Groningen, The
Netherlands) by means of an individual e-mail, which was sent to all surgeons, gynecologists,
urologists, and surgical residents with laparoscopic experience. In total, 29 laparoscopic
experts participated in this study. Experts were defined as surgeons or residents that have
performed more than 30 laparoscopic interventions as the primary surgeon in the past three
years. Exclusion criteria included physical disabilities that would prevent participants to
partake in the experiment, and medical reasons to avoid video games, such as epilepsy. In
total, 16 surgeons, 5 surgical residents and 8 gynecologists participated in the trial.
Demographic data are shown in table 1.
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Table 1: Demographic data

Surgeons
(n=16)

Surgical residents
(n=5)

Gynecologists
(n=8)

Total
(n=29)

Sex (% male)

75%

100%

0%

58.6%

Age (years), mean (SD)

43.4 (7.8)

32.0 (1.4)

38.5 (4.8)

40.1 (7.6)

Hand dominance (% right)

93.8%

100%

87.5%

93.1%

144 (115)

190 (22)

107 (47)

142 (92)

Mean GE as a child

1.7

3.8

1.8

2.1

Mean GE as an adolescent

2.2

4.6

1.8

2/5

Mean GE as a student

2.4

3.0

1.4

2.2

Mean GE as a resident

2.3

1.8

1.8

2.1

Mean GE as an attending

1.8

--

1.0

1.8

Laparoscopic interventions,
mean (SD)

GE = self reported game experience on a scale from 1 to 7

Apparatus and tasks
There is no real gold standard for measuring laparoscopic skill

19

, but several methods have

been validated to do so, such as the Fundamentals of Laparoscopic Surgery (FLS) Manual
Skills testing program 20,21 and the Rosser Top Gun Laparoscopic Skill and Suturing program
22,23

. In this study, laparoscopic performance was measured using two different box trainer

tasks from both programs. The first task was the peg transfer test of the FLS program 20,21; the
second task was the cobra rope drill, which is part of the Top Gun program

22,23

. Both tasks

have been tested and validated to ensure that they reflect multiple basic laparoscopic skills,
such as eye–hand coordination, inverted movements, depth perception, and ambidexterity, all
skills that are aimed to be trained using Underground 21,22,24. All exercises, performed in a box
trainer with standard measurements and a fixed camera position, were recorded with an
external camera. The recordings were analyzed afterwards by two blinded reviewers. The
inter-observer intraclass correlation coefficient for the peg transfer test was 0.992 (95%
confidence interval 0.987-0.995) and for the cobra rope drill 0.993 (95% confidence interval
0.988-0.996). To minimize inter-observer variability, scores that varied more than 3 seconds
were analyzed for a third time by an unblinded person to determine which reviewer was
correct. Participants were allowed to get acquainted with the materials before performing their
tasks, but were not allowed to do a full practice round to prevent them from warming-up with
the tasks themselves. All tasks were performed once, and the amount of errors and the time to
completion of each task were recorded.
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The first task, the FLS peg transfer test, consists out of a pegboard with twelve pegs and six
rubber rings. Participants have to lift every rubber ring using a grasper in their non-dominant
hand, transfer it in mid-air to a grasper in their dominant hand, and place it on a peg on the
opposite side of the board. After moving all six rings, every ring has to be moved back to the
other side of the peg board, but in reversed order. Errors were defined as rings dropped out of
reach or out of sight and were counted as a 17 second penalty. The maximum time limit was
set at 300 seconds 21.
The second task, the Top Gun cobra rope drill, requires participants to pass a string using two
laparoscopic graspers, while only grasping the red colored sections of the rope. Participants
start with their dominant hand and pass each colored section to their non-dominant hand. The
complete rope has to be unwrapped in this rhythmic fashion. The time to complete the task
was noted as the final score. Errors were not counted, but subjects were strictly monitored by
an official Top Gun instructor. This way, the tasks were completed according to protocol 23.
In this study, the cobra rope drill was performed without an electronic proctor 25.
The Underground video game consists out of three parts; a 15-inch (16:9) flat-screen TV, a
Nintendo Wii U game console running the Underground video game software, and the
previously described hardware (figure 1). The hardware was placed on a height-adjustable
tripod in front of the TV, and participants were standing while playing. In the game, the
player manipulates the environment of a dangerous mine, so that small, friendly robots can
traverse it safely

17

. This is done by utilizing the specially developed laparoscopic input

device. In order to solve the puzzles in the levels, players need to master basic laparoscopic
skills, such as depth perception, inverse movements, and ambidexterity. The various
gameplay elements, which gradually get harder over time, are based on actual movements
made during laparoscopic surgery

17

. This way, it is hoped that players continuously train

their basic laparoscopic skills while playing a video game. All participants played the game,
all starting from the very first level, for 15 minutes and were continuously supervised to make
sure they were playing the whole time and did not get stuck. During this experiment, there
was no pre-set in-game goal that had to be reached, since this study solely focused on the
warm-up effect of simply playing with the game.
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Assessment
At the start of the study, participants filled in a demographic questionnaire on age, gender,
hand dominance, video game experience, and exclusion criteria (table 1). Participants
performed their tasks on two consecutive days. On one day, baseline laparoscopic skills were
measured using the two laparoscopic skills tasks. The other day, participants had to play
Underground for 15 minutes straight right before performing the laparoscopic skills tasks.
Each participant served as his/her own control. To distinguish between a learning effect and a
warming up effect, all participants were randomized into two groups; a group that performed
the baseline measurement on the first day and the intervention on the second day, and a group
that did the intervention on the first day and the baseline measurement on the second day
(figure 2). Randomization was done via an online randomization tool 26. Participants did not
perform any laparoscopic operations prior to participation, nor did they play any video games
in this period. If possible, participants were tested at the beginning of their workday.

Figure 2: flow-chart of the research design

Power analysis
Power analysis for a t-test was conducted in G*Power for Windows, version 3.1.9 (University
of Düsseldorf, Düsseldorf, Germany) to determine a sufficient sample size using an alpha of
0.05, a power of 0.80, an expected large effect size (r = 0.5), and one tail (since the direction
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of the effect of the intervention was already known). On the basis of the aforementioned
assumptions, the desired sample size was 27.
Evaluation
All data were analyzed using the Statistical Package for the Social Sciences (SPSS) for
Windows, version 22 (IBM, Armonk, NY, United States of America). Alpha was set at 0.05.
Because a small data set was used, normality was tested with the Shapiro–Wilk test.
Homogeneity of variance was tested using Levene’s test.
Ethics
All participants enrolled on a voluntary basis and were given informed consent before
enrollment. The ethics committee of the University Medical Center Groningen was consulted
before the experiment was started. The committee ruled that this experiment did not need
their official approval.
Results
Data were analyzed in two different ways. First of all, the mean scores of the peg transfer test
and the cobra rope drill were compared. Data for the cobra rope scores on day 1 and the peg
transfer scores on day 2 were normalized using a square root transformation. An independent
samples t-test showed a significant difference (14.33%) on day 1 in peg transfer test scores
between group 1 (control) and group 2 (game), which is in favor of the latter. There is also an
8.93% difference in cobra rope scores, but this is not significant. Data for both days are
shown in table 2 and figure 3.
Table 2: Participant’s scores on day 1 and 2 (in seconds)
Group 1 (n=16)
Day 1

Day 2

P (1-tailed)

Peg transfer test total score (SD)

143.31 (30.51)

122.77 (28.19)

0.037 *

Cobra rope score (SD)

82.44 (21.84)

75.08 (15.15)

0.164

Peg transfer test total score (SD)

132.88 (32.98)

132.62 (39.17)

0.465

Cobra rope score (SD)

68.63 (12.48)

74.23 (19.01)

0.185

* Statistically significant difference (a = 0.05)
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Group 2 (n=13)

Figure 3: average score improvements for both tests

Secondly, the mean individual score improvements (as a percentage) in both research groups
were compared with an independent samples t-test (1-tailed). The peg transfer scores were
normalized using a square root transformation. These data, as depicted in figure 4, showed
that participants who played the game as a warm-up on day 2 (group 1) were significantly (P
= 0.002) better in the cobra rope drill. Similarly, these participants were slightly better at the
peg transfer test, but this score difference is not significant.

Figure 4: Average improvement in both peg transfer test and cobra rope drill scores on day 2.
* Statistically significant difference (a = 0.05)
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Discussion
It has previously been shown that short, pre-operative practice with a simulator, box trainer,
or certain video games can temporarily improve one’s basic laparoscopic skills; the so-called
warm-up effect. Although warm-up is considered normal practice in sports and theater 10, preoperative warm-up is not (yet) considered a common habit in surgery 7. However, such a
practice can be of considerable importance to patient outcomes, since a reduction in surgical
and anesthesia time can save costs and reduce postoperative complications 10.
In this study, we showed that the Underground video game, a game that is specifically aimed
at training basic laparoscopic skills, can be used for pre-operative warm-up in an experimental
setting. Laparoscopic experts that have played the first part of the game for 15 minutes are
20.54 seconds (14.33%) faster in completing the FLS peg transfer test than those who didn’t.
Similarly, participants that served as a control group (group 1) showed a 19.61% increase in
their Top Gun cobra rope scores when using the game as a warm-up on a second day,
compared to a 0.77% decrease in participants that did the same test on the second day without
a warm-up (group 2). This improvement is large and significant. The fact that the participants
in group 2 also scored better on the peg transfer test on their second day can be attributed to a
learning effect.
Limitations of the study
Previous studies have shown that a pre-operative warm-up can lead to an actual improvement
in operating theater efficiency

7-11

. This study, however, was performed in an experimental

setting, and we did not look at a direct effect of the game on one’s operating performance in
the operating theater. Although a correlation, based on previous research by others, can be
assumed, we cannot state that the positive effect of a warming-up with Underground is
actually transferable to the operating theater. To do so, further research is needed.
Despite a large and significant increase in the score of the cobra rope drill, we did not find a
similar difference in the peg transfer task scores. Participants in group 1 were just as good as
the participants in group 2. This is unforeseen, because both tests are validated to give an
objective measure of the same basic laparoscopic skills and therefore similar results are to be
expected. This phenomenon could be attributed to the fact that the peg transfer test, which has
several different steps and can be performed using many techniques (e.g.: there are many
ways the rubber ring could be grasped and transferred to the other grasper), is more complex
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to explain and to perform than the cobra rope drill. So it is a possibility that participants have
(subconsciously) thought of a better way to perform the test on day 2 and thus show a bigger
improvement without a warming-up. A third group, which only did the baseline tests for two
days straight, could have given answer to this.
Conclusion
The Underground video game and hardware could be used as a pre-operative warm-up to
improve operating times and thus reduce postoperative complications. However, the positive
results in this study were only found in an experimental setting, which means that further
research is needed to make sure that this video game can actually benefit laparoscopic
surgeons and their patients in the actual operating theater.
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Chapter 7

Is a Nintendo a dangerous Christmas present? A narrative
review of Nintendo-related injuries and other complaints
M.B. Jalink, E. Heineman, J.P.E.N. Pierie, H.O. ten Cate Hoedemaker
Accepted for publication (The BMJ – Christmas Edition 2014)
Abstract
Objective: To collect all reported cases of injuries and other complaints caused by a
Nintendo video game system.
Design: narrative review
Data sources and review methods: We searched the PubMed and Embase databases for
reports on injuries and complaints that were attributed to playing a gaming system made by
Nintendo.
Results: In total, 38 relevant articles were found; most of them were case reports or case
series. Nintendo-related injuries and complaints range from neurological and psychological
to various surgical problems. Traditional controllers with buttons are associated with a
tendinitis of the extensor of the thumb, the joystick on the Nintendo 64 controller can lead to
palmar ulceration, and the motion-sensitive Wii Remote may contribute to musculoskeletal
problems and has been the cause of a variety of traumas.
Conclusions: Most problems are mild and, given the amount of game systems sold, the
prevalence is very low. There is a relationship between the way of controlling a game, which
varies per video game console, and the described injuries or complaints. All in all, playing a
Nintendo is relatively safe.
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Introduction
Nintendo was founded in 1889 by Fusajiro Yamauchi in Kyoto, Japan.1 Originally, the
company sold Japanese playing cards, but after the Second World War, it experimented with
products as toys, hotels, and taxi services. In the late ‘70s, Nintendo started selling video
game systems. Due to their success in Japanese and Western markets, the company grew to
become the well-famed multinational that entertains so many today. Its latest big hit, the Wii
console, sold over 100 million units.2 Because of its popularity, Nintendo’s consoles and
handhelds are common Christmas presents.
Nintendo's innovative products are also increasingly used for health care. The pressuresensitive Balance Board, which assesses balance ability,3 can train balance in elderly4 and
patients with multiple sclerosis5 or Parkinson’s disease.6-8 Also, the motion-sensitive Wii
Remote controller can be used to improve basic laparoscopic skills,9,10 and so-called
“exergames” are used for exercise in children with cystic fibrosis,11 losing weight,12,13
cardiovascular training,14 and postoperative rehabilitation.15
However, various reports of Nintendo-related injuries and complaints, ranging from mild to
life-threatening, have surfaced as well. This made us wonder: is a Nintendo a safe Christmas
present? We decided to gather all reported cases of Nintendo-related problems to see what we
could learn from the 35-year-old video game history of this Japanese company.
Methods
In June 2014, we searched the PubMed and Embase databases using the terms Nintendo, or
Game & Watch, Famicom, Game Boy (or the commonly miswritten gameboy), Virtual Boy,
iQue, GameCube, or Wii – all names of Nintendo’s gaming systems not baring their brand’s
name. This resulted in 543 (PubMed) and 655 (Embase) hits. Titles and abstracts (if
available) were read and original papers reporting Nintendo-related complaints were selected.
All papers, including three reviews of Wii-related injuries,16-18 were then screened for other
suitable references. With the exception of one German article, all papers are in English.
Results
In total, 38 relevant papers were identified (30 case reports, 7 case series, and 1 prospective
study). The reports can be split into two groups; before and after the introduction of the Wii.19
Before the Wii, Nintendo’s consoles had a traditional, wired controller with buttons or a
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joystick. The Wii’s games, however, are controlled by a motion-sensitive remote, which
requires players to swing their arms, resulting in more traumatic injuries.
Early reports
One of the first cases was a 13-year-old girl, who suffered from a generalized seizure after
playing Super Mario Bros. on her Nintendo Entertainment System (1984, figure 1) for almost
three hours.20 This “Nintendo epilepsy” was attributed to a rapid change of on-screen patterns.
A large multicenter study later showed that patients with a history of television or game
seizures are indeed more sensitive to a similar Mario game than to a normal television
program.21
In the early ‘90s, two cases of Nintendo-related incontinence were published.22-23 Corkery
described a boy who developed episodes of faecal soiling22 and Schink reported three
(related) boys that suddenly developed daytime enuresis.23 All children were so engrossed in
Super Mario Bros. that they ignored their urge to go to the toilet. All cases were successfully
treated by explaining how to pause the game. Schink jokingly suggested that Nintendo should
develop a wet sensor that aborts the game if a player loses bladder control.
In 1991, Miller described how his son got intense neck pain after playing his Game Boy, a
portable system from 1989 with a small, unlit display, for 30 minutes.24 His position while
playing was reported as “hunched over, chin almost resting on his chest, elbows bent while he
holds the small screen close to his face”. The complaints, which Miller called “Nintendo
Neck”, were attributed to playing in this position.
Similarly, a “Nintendo Elbow” was diagnosed in a 12-year-old boy who suffered from right
elbow pain after playing his Nintendo “a lot” for over a month.25 Symptoms resolved with an
NSAID and rest.
We also found a report of “Nintendo hallucinations”. The patient, diagnosed with paranoid
schizophrenia, suffered from persistent auditory hallucinations of video game music.26
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Figure 1: the Nintendo Entertainment System (NES) from the ‘80s (left) and a screenshot of its most
popular game, Super Mario Bros. (right)

“Nintendinitis”
Nintendo-related complaints of the thumb, hand, and wrist are referred to as “Nintendinitis”
or “Nintendonitis”. All reports, mostly letters to the editor, point out that strenuous gameplay
with a traditional controller can result in temporary discomfort, most commonly due to
tendinitis of the extensor pollicis longus, and can be treated by rest and/or an NSAID.
The first case dates from 1990; a 35-year-old woman experienced severe pain in her right
thumb after playing her Nintendo uninterrupted for five hours.27 Casanova described a similar
case and called “Nintendinitis” a form of tendinitis, caused by repetitive micro-trauma.28
Similar cases were reported by Siegel29 and MacGregor,30 who suggested that prophylactic
hand care instructions should be given at school. Schnicke reported a boy who developed
eczema on both his thumbs after playing his Game Boy on a daily basis.31
After the introduction of the Nintendo 64 console in 1997 (figure 2), reports of the original
“Nintendinitis” subsided. But with a new controller, new problems surfaced. The Nintendo 64
was Nintendo’s first console that featured 3D graphics.1 Its controller featured a joystick that
made 3D navigation easier, but also gave rise to “ulcerative Nintendinitis”; a central palmar
ulcer.32,33 In some games, and Mario Party in particular, players had to quickly rotate the
joystick with their thumb. However, rubbing it with a hand palm turned out to be quicker,
resulting in ulceration. After receiving over 90 complaints, Nintendo handed out protective
gloves to all owners of the game, which had already sold a million times.34
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Figure 2: the Nintendo 64 and its joystick controller (left) and a screenshot of the game Mario Party
(right)

Enter the Wii
In 2006, Nintendo introduced the Wii (figure 3), a console with a controller that detects
motion, speed, and position.1 In its most popular game, Wii Sports, players swing these socalled Wii Remotes to participate in sports like tennis and boxing. This resulted in new types
of injury, mostly of traumatic origin. In 2009, a preliminary report with data of 21 Wii-related
injuries from the National Electronic Injury Surveillance System showed that most injuries
were confined to the upper extremities, face, and neck.35 Sparks et al. reviewed 39 Wii
injuries that gamers self-reported via a special website.36 In 34 cases, Wii Sports had caused
the injury, with tennis being its most dangerous sport. The most common injuries were hand
lacerations and bruising, and peri-orbital haematomas.

Figure 3: the Wii and the Wii Remote (left) and a screenshot of Wii Sports (right)
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“Wiiitis”
The first Wii-related injury, dubbed “Wiiitis”, was of a 29-year-old man who suffered from
acute tendinitis of his right infraspinatus muscle after playing Wii Sports for several hours.37
Others also reported acute upper extremity muscle pain after playing the game.38,39 One even
described a case of arm swelling and a rise in creatine kinase, consistent with significant
muscle injury.40 Another case of upper extremity “Wiiitis” was analyzed with magnetic
resonance imaging, showing increased signal intensity in various upper extremity muscles.41
It is pointed out that “Wiiitis” can be associated with different muscles in the arm and
shoulder, depending on the movements made during different games. All cases were treated
with rest and an NSAID.
As with “Nintendinitis”, the term “Wiiitis” is used for various injuries. In 2010, four
paediatric cases of “Wiiitis” were reported; patients presented not only with a painful arm, but
also with a painful neck and postural deviations.42 Boehm et al. described a case of carpal
tunnel syndrome in a woman who played a bowling game for 6-8 hours daily for 10 days.43
Also, there are two reports of “Achilles Wiiitis”; a (partial) tear of the Achilles tendon.44,45
Furthermore, one case of “Wiiitis” even presented as a massive venous thrombosis of the
gluteal veins, reaching into the inferior vena cava.46
“Wii Knee”
The term “Wii Knee” comprises Wii-related knee injuries. The first report was of a young
woman who sustained a dislocated left patella when she fell while serving a tennis ball in Wii
Sports.47 Robinson et al. described a “Wii Knee” – a dislocated patella and a fractured lateral
femoral condyle – in a boy who accidentally twisted his knee while playing the Wii.48
Another report mentions a medial meniscal tear in a woman who played a bowling game.49
Surgerii
Some Wii-related injuries are life-threatening. A 55-year-old woman sustained a massive
haemothorax (>1250 ml) after falling on her sofa while playing tennis on her Wii.50 Another
patient required resection of infarcted bowel, when a pre-existing para-umbilical hernia
strangulated while doing exercises with Wii Fit.51 Two patients were even admitted with an
ischemic stroke due to an internal carotid artery dissection after playing the Wii.52
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Also, various Wii-related fractures were reported. A 38-year-old man fractured his spinous
process of C7 after he had swung a Wii Remote rather vigorously.53 Eley reported a small,
right fifth metatarsal fracture in a girl who fell during a game of Wii Fit.54 And Galanopoulos
et al. described how a patient sustained an intra-articular fracture of the first metacarpal bone
by playing a sports game.55
Wells reported a girl who sustained a forehead laceration after her brother had accidentally hit
her with a Wii Remote.56 The report by Razavi et al. tells the story of a 7-year-old boy, who
accidentally struck his left eye while playing Wii Sports, leading to a permanent loss of
vision.57 And, finally, Bhangu et al. described a woman with a rupture of the extensor pollicis
longus after hitting a wall while playing tennis.58
Discussion
We’ve presented a variety of Nintendo-related injuries and other complaints. Most reported
problems are mild, and, given the amount of game systems sold, the prevalence is low. The
types of injury mostly depend on the way of controlling the game. Excessive gameplay with
traditional controllers is associated with a tendinitis of the thumb, the Nintendo 64 joystick
can lead to palmar ulceration, and the motion-sensitive Wii Remote may contribute to
musculoskeletal problems and has caused various traumas.
To keep gaming safe, Nintendo often acts on these problems. Some examples are the
mentioned hand-out of protective gloves34 and a massive give-away of protective, silicone
Wii Remote covers to prevent trauma (and smashed TV-screens).59 Nintendo nowadays even
warns players with in-game messages to remind them to take a break.
All in all, we think it’s relatively safe for Father Christmas to give a Nintendo as a Christmas
present. However, don’t swing your controller too hard, watch out where you play, and take
frequent breaks.
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Chapter 8
Discussion, conclusions, and future perspectives
Ever since Richard Satava made the link between video games, and, the then upcoming,
laparoscopic techniques – something he somewhat jokingly called the coming of the age of
the “Nintendo surgeon” 1 – a lot has changed in the field of laparoscopic surgery and training.
Although expected, little did Satava then know that training laparoscopy with advanced,
virtual reality simulators would already become commonplace in laparoscopic surgery 2. And,
probably, neither did he expect that a positive correlation between playing video games and
basic laparoscopic skills would actually be established in scientific literature, giving rise to a
very peculiar sub specialism in both the serious games and laparoscopic simulator businesses.
In chapter 2, we’ve seen that the amount of observational studies on video game experience
and baseline laparoscopic skills, and controlled experiments addressing the positive effects of
actual video game training, are gradually increasing. After this literature review, new papers
on this subject – all but one supporting our hypotheses – kept on appearing in the same,
increasing trend (figure 1)

3-9

. Although the amount of papers is still somewhat limited

compared to other fields of research, the link between video games and laparoscopy appears
to have caught attention in both scientific and popular literature. The age of the Nintendo
surgeon has truly come.

Figure 1: graph showing the cumulative amount of scientific papers addressing the link between playing
video games and laparoscopic skills (n.b.: 2014 is an interim score)
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As discussed in chapter 2, both existing video game experience and recent video game
training can result in significantly shorter operating times and fewer errors (on a simulator). In
all of these studies, already existing, non-specific video games have been used for improving
laparoscopic skill. And, with the single exception of one study of Bokhari et al., who used a
single-handed, custom-made Wii Remote controller add-on for playing an existing video
game

10

, only traditional video game input methods were tested. This makes the game

described in this thesis, Underground, a unique addition to all existing research in the field.
Not only did developer Grendel Games create a Wii U video game, specifically aimed at
training basic laparoscopic skills, but the umbrella organization, Cutting Edge, also managed
to develop a convenient, cheap, and precise laparoscopic input device, based on Nintendo’s
existing Wii Remote motion tracking device. The idea behind this concept, as discussed in
chapter 3, is that a combination of specifically designed hard- and software – closely
resembling laparoscopic instruments, but deliberately not mimicking a laparoscopic
intervention – has even more effect on laparoscopic basic skills than a traditional video game.
By making such a game fun, cheap, and easily accessible, Cutting Edge hopes to develop a
good addition to existing virtual reality simulator training.
The developed hardware, and its basic, driver software, were subjected to several test validity
studies, as described in chapter 4 and 5. Chapter 4 describes a face validity study, which was
conducted with the final hardware, and a near-final version of the video game software. After
playing the game, surgeons with experience with laparoscopic surgery, were asked to fill in a
questionnaire. The results showed that the custom-made controllers look, feel, and move like
real laparoscopic instruments on an acceptable level. Of course, the video game hardware
differs from actual instruments; the controllers are quite cumbersome, and lack tactile
feedback. But given the fact that the Underground hardware is cheap, precise, doesn’t require
any calibration, and still gets fairly high face validity score, this is accepted. Most
importantly, a large majority of laparoscopic experts believe that Underground can be a useful
tool for training basic laparoscopic skills, such as eye hand coordination, depth perception,
inverse movements, and ambidexterity.
When testing the construct and concurrent validity of the controller add-ons, 3D printed
prototypes of the hardware were used. In the discussion of chapter 5, we therefore pleaded for
a repeated validation study with the final version of the hardware. However, the final
hardware hardly differs from the used prototype. The only addition is a small, built-in cog that
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provides some mechanical resistance when one opens and/or closes the handle of the
instrument. This modification was added after feedback of the experts in the
construct/concurrent validity study, which were also asked to fill in a face validity
questionnaire after the experiment. (The results of this unpublished face validity study were
used as a pilot for the actual face validity study in chapter 4.) Because the changes to the final
hardware were only minimal, the construct and concurrent validity studies were not repeated.
This experiment showed a strong correlation between a standard skills test (FLS peg transfer
test) and the Underground hardware, which means that skills trained on the Underground
game correspond to those needed to perform a task in a laparoscopic box trainer. Based on
this research, however, it is impossible to claim a direct link to actual laparoscopic surgery.
The effect of playing video games on one’s basic laparoscopic skills can roughly be split into
two: a short, warm-up effect and a long term effect. As part of experimental validation, we
researched the warm-up effect of Underground in chapter 6. We found that laparoscopic
experts who played with the first levels of Underground for 15 minutes show a significant
decrease in operating time. This study, however, was performed in an experimental setting in
which laparoscopic skill was measured by means of a box trainer. Therefore, these results
cannot be fully extrapolated to the clinical setting and further research is needed. Still, with
these results we suggest that laparoscopic surgeons could benefit from a pre-operative warmup with Underground.
Finally, chapter 7 looks at the adverse effects of Nintendo’s games and hardware in general.
Basically, this chapter has nothing to do with the link between video games and laparoscopy.
But for the development of a video game with custom-made hardware, it is good to put all
possible adverse effects at a glance. Think of it as a sort of risk assessment. Based on the data
in this chapter, no big, general problems are to be expected with the Underground hardware.
However, given the fact that both motion based video games, such as the Wii, and
laparoscopic surgery

11

have a reasonable chance of giving rise to various musculoskeletal

symptoms, it is to be expected that strenuous practice with Underground may lead to
complaints of the upper extremities, neck, and back. Although there are currently no reported
cases of musculoskeletal complaints after playing Underground, it is wise to take a 10 to 15
minute break every hour, as is advised in Nintendo’s Wii health & safety information 12.
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Limitations of this thesis
This thesis lacks a decent content validity study
The Work Group for Evaluation and Implementation of Simulators and Skills Training
Programmes of the European Association for Endoscopic Surgery (EAES) defines content
validity as “the level to which the system covers the subject matter of the real activity”

13

.

This is in contrast to face validity, in which one examines the “resemblance between the
system under study and the real activity”.
Underground is a serious game that is aimed at training actual laparoscopic skills, which are
to be used in operations on real patients. Although the system itself (the hardware) seems to
possess decent face validity, as described in chapter 4, the actual medical content is in
absolutely no way comparable to any surgical intervention, making the content validity of the
game extremely low

14

. The player does not learn anatomy, nor does it gain procedural

knowledge. This, however, is done deliberately. If the game itself was to be replaced by a
simulated operation in a virtual abdomen, it would no longer be a serious game, but a mere
simulator that runs on a video game console 15.
This is why the content validity of Underground was not studied in a separate paper. Testing
it for properties as correctness of the anatomy or procedure, tissue feeling, and appropriate
physical responses of the patient would be completely useless, simply because those
properties were left out of the game on purpose.
However, the hypothesis that Underground is unsuitable for training anatomy and procedural
knowledge was tested in a small pilot. This was done by including these two topics on the
questionnaire which was used for the face validity study described in chapter 4. These data
were not reported in the final paper. In total, 26 expert laparoscopic surgeons participated.
The usefulness of Underground for training anatomy scored a median of 1.5 out of 10
(interquartile range 3.3), and training procedural skills and knowledge scored a median of
4.75 out of 10 (interquartile range 5.6). Although not a properly designed study, this pilot
shows that Underground does not contain appropriate medical content. As mentioned above,
we do not see any value in proving this foreseen lack of content validity any further than this.
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The long-term effect of Underground on one’s basic laparoscopic skills
It has been shown that virtual reality laparoscopic simulators are cost- and time-effective in
training one’s basic laparoscopic skills

2,16,17

. To benefit from these positive effects, surgical

trainees have to spend a certain amount of time training with these machines, which can either
be expressed as the amount of hours spent training or the number of repetitions made

18

.

Training to pre-set proficiency levels on a laparoscopic simulator has been shown to result in
significantly less errors and shorter operation time during actual laparoscopic interventions
2,17

. As discussed, in addition to this long-term effect, a short-term (or warm-up) effect has

been described as well 10,19-22.
Ideally, the long-term effect of strenuous exercise with the Underground game and hardware
on surgical trainees’ laparoscopic basic skills should have been covered in this thesis.
However, due to a number of limitations, such an experiment was deemed not feasible. First
of all, during the course of our studies, the game and its hardware were still in development.
Because of Nintendo’s strict rules and development structure, it is impossible to run an
unfinished version of the game on a normal, commercially available video game console. The
experiments in this thesis were therefore performed on special Wii and Wii U developer kits.
Not only are these systems expensive, but they are also supplied in very small numbers, and
should be closely supervised by the responsible developer. This made it impossible to deploy
a certain amount of consoles for a long period of time during the course of our study.
For an ideal study of the long-term effects of the game, a good, single-blind, randomized
controlled trial needs to be set up. Because surgical trainees throughout the North of the
Netherlands get their experience in different ways (different simulators, different supervisors
with their own specialties, and different responsibilities per hospital), there is a large number
of confounders which should be corrected. This can be overcome by either increasing sample
size or hypothesize larger differences. Since there is no standardized method for assessing
basic laparoscopic skills 23, the latter can be quite challenging, and will probably give rise to
some discussion. In the complete North of the Netherlands, only ten new surgical trainees are
allowed to start each year

24

, a number that is expected to decline in the following years. A

power analysis shows we need around 100 subjects for this kind of study. Given the above
information, performing such a trial would take too much time and financial resources to be
feasible during the period that this thesis was established.
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Future perspectives
“More research is needed”
As with all science in general, one experiment is not enough to prove a hypothesis. Studies
should be reproduced to decrease the chance of false positive outcomes. Preferably, these
should be carried out by an independent, external third party, as this will make the validation
of the game more reliable. At the time of writing, the Underground game and hardware are
aimed for a release at the end of 2014, and will be commercially available. Independent third
parties, with access to sufficient surgical trainees and financial resources, are encouraged to
set up their own (validation) studies for the game.
Further uses of the Underground hard- and software
The development of the Underground hardware and its underlying controller software has
taken several years. Various prototypes have been rejected and redeveloped, and the software
needed a lot of tweaking before an acceptable laparoscopic input device was created.
Eventually, the previously described design was chosen and mass produced. The hardware
was developed specifically for control of the Underground video game software. However,
since the hardware itself has already been released commercially, and has been validated with
a rudimentary version of the game made for testing the hardware, it could also be used to
serve other purposes. Not only could it be used to easily create another game for training
basic laparoscopic skills, but since the input device closely resembles real laparoscopic
instruments, one could also use it to develop an actual laparoscopic simulator with
appropriate medical content. The main goal was to create a cheap and fun serious game for
training basic laparoscopic skills, which could easily be used at home. But since the hardware
has been finished and will be distributed this year, it would now be relatively easy to create a
traditional simulator for the Wii U – e.g. with a cholecystectomy or appendectomy module –
that could be used at home as well. The Wii U is graphically, relatively powerful platform,
that can easily display graphics comparable to modern-day simulators. Of course, such a new
program needs its own validation studies, with a good evaluation of its medical content in
particular.
Not only the Underground hardware, but also the video game software itself could
theoretically be used for other purposes than training basic laparoscopic skills (or
entertainment). A good example is thoracoscopy, which bears a lot of similarities to
laparoscopy 25. As with laparoscopy, during a thoracoscopic procedure an endoscope and long
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instruments are inserted in a bodily cavity (in this case the thorax instead of the abdomen) for
diagnostic and therapeutic purposes. Consequently, skills needed to perform this procedure –
such as eye–hand coordination, the ability to handle inverted movements, depth perception,
and ambidexterity – are comparable to laparoscopic surgery. It is therefore not unimaginable
that the Underground video game could also be used to train these skills in thoracoscopic
surgeons as well. In contrast to laparoscopy, as described in chapter 2, no scientific literature
on the effects of playing video games on one’s thoracoscopic skills could be found on
PubMed. Though it seems quite logical, we cannot claim that Underground is able to
contribute to one’s basic thoracoscopic skills training based on the results presented in this
thesis, which only focused at laparoscopic skills training. To do so, extra studies to validate
the controllers for training thoracoscopic skills are needed.
Another example is arthroscopy, a minimally invasive surgical method to inspect and treat
joints from the inside. Movements made during arthroscopy are in many ways similar to
laparoscopy, but only on a smaller scale. Existing simulators, such as the VirtaMed ArthroS
15

, do have some very basic video game elements built-in, like grabbing stars with an

arthroscopic grasper in a virtual reality space. Interestingly, no scientific literature on the
effects of playing video games on arthroscopic basic skills could be found on PubMed.
However, one could easily imagine that there could be a positive effect between these two as
well. Again, separate studies, including renewed construct and concurrent validity
experiments, are needed before one can state that Underground could be used for training
basic arthroscopic skills as well. Also, one must keep in mind that the Underground hardware
is made to look like laparoscopic instruments, not arthroscopic instruments. Theoretically, it
is possible to develop a similar system, but with smaller tools that resemble arthroscopic
instruments, but due to the weight of the Wii Remote (about 150 gram including batteries),
this could turn out quite challenging.
Using Underground for measuring basic laparoscopic skills
The goal of Underground is to be an addition to laparoscopic skills training, and not to be a
skills measuring tool. Players should therefore not be judged by their scores. Of course, by
proving its face, construct, and concurrent validity, the Underground hardware is validated to
measure laparoscopic skill. However, one should bear in mind that this was achieved in
special test level, designed in such a way that it only tests the players’ basic laparoscopic
skills. In the final version of the game, players still need these skills to successfully beat the
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various levels. But, to do so, other skills, such as multitasking abilities, situational awareness,
and a certain level of intelligence, are needed too. Hence, the final score is not a pure
reflection of basic laparoscopic skills.
Outsiders have often suggested that surgeons should use this game to test surgical residents
before they apply for a surgical traineeship. This way, poor scoring residents could be
excluded from training, thus, theoretically, improving the average basic skill of future
surgeons beforehand. In our opinion, this is not how Underground should be used. First of all,
a onetime score on a video game does not reflect future skills, nor does it predict one’s
learning curves. Secondly, although there is a high correlation with an existing, extensively
validated test, the predictive value (r = 0.812, r² = 0,66) of the used level does not equal 1.
This means that the test used as a gold standard for basic laparoscopic skills, the FLS peg
transfer test, gives a much more reliable idea of a person’s skills. Finally, one should not
forget that Underground is “just a video game”. And it is my, completely non-evidence based,
opinion that it would be absolutely ridiculous if someone was rejected such a career in
surgery, simply based on a video game. Underground may be a “serious” game, but that
doesn’t automatically purport that it could be used for a wide array of serious goals.
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General conclusions and recommendations
-

There is increasing evidence that traditional video games can be used to train basic
laparoscopic skills.

-

Underground is the first video game that has custom-made hard- and software
specifically made for laparoscopic training.

-

The Underground hardware and its basic driver software possess solid face, construct,
and concurrent validity.

-

Since Underground is not a traditional simulator, the validity of its medical content
was not tested.

-

Although clinical studies have not yet been performed, data from an experimental
setting shows that Underground could be used as a pre-operative warm-up.

-

Underground could be used to train basic laparoscopic skills in addition to the regular
curriculum.

-

Underground should not be used for measuring basic laparoscopic skills.

-

Underground could, theoretically, be used to train basic thoracoscopic or arthroscopic
skills, but it is not yet validated for such purposes.

-

As long as gaming technology develops and new ways of gameplay emerge, new
video game related health problems will arise.

-

When playing a Nintendo game, it is wise to take a 10 to 15 minute break every hour,
and watch out where you play motion games.

-

More research is needed to assess the long-term effect of playing the Underground
video game on the basic laparoscopic skills of surgical residents.
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Chapter 9
Summaries
Summary in English
In the past few decades, video games have become a part of our modern Western culture.
What started as a niche market with a very select target audience in the seventies, quickly
grew to become a major form of entertainment for a very broad public. Nowadays, the game
industry is one that revolves around billions, similar to other branches in entertainment, such
as books and movies.
Although video games with a serious purpose, such as the training of certain skills or
acquiring certain knowledge, have been around since the first generation of video game
consoles in the early seventies, the large-scale development of these so-called "serious
games" only started in the past decade. Now, for example, in the Netherlands alone there are
more than ten different studios that focus on the development of serious games, and several
educational institutions have programs that focus specifically on this area of video game
development.
This thesis focuses on the effects of playing video games on one’s laparoscopic skills.
Laparoscopy, also called minimally invasive surgery or keyhole surgery, is a type of surgery
in which the surgeon can inspect the abdomen with a camera with a long objective lens (a
scope) that is placed in the peritoneal cavity through a small incision in the abdominal wall.
Using a number of other small incisions, instruments, such as graspers and scissors, can be
inserted in the peritoneal cavity as well. This way, surgeons, urologists, and gynaecologists
can perform an (increasing) number of different operations. Well-known examples are the
appendectomy (removal of the appendix) and the cholecystectomy (removal of the
gallbladder). Despite the fact that laparoscopic surgery is not necessarily better than
conventional, open surgery, it has become a common technique among general surgeons in
the past twenty years. Advantages include smaller incisions and shorter hospital stay.
The basic skills that are needed to perform laparoscopy are different from those that are used
during open surgery. First of all, the surgeon operates indirectly; the operating site can only
be seen on a television screen in the operating room. Because these screens are usually two114

dimensional, surgeons will need good depth perception to work. Also, all movements made
with the long laparoscopic instruments are inverted due to their pivot point in the abdominal
wall. This gives rise to the “fulcrum effect”: intra-abdominal movements become larger as the
instrument are inserted deeper into the abdomen and vice versa. Finally, it is important that
surgeons have good eye-hand coordination and are able to work bimanually.
During surgical training, the basics of laparoscopy are taught through a special, multiday
training programme. After this course, residents are given the opportunity to improve their
skills through virtual reality simulators or special box trainers. Some universities in the
Netherlands oblige this practice, while others (like the University Medical Center Groningen,
UCMG) let their residents train voluntary on these systems. It is our experience that these
drills are being considered as dull and repetitive, which is why practice on these expensive
systems is kept to an absolute minimum. After the basic laparoscopy course most trainees
skip the VR simulators and start their learning curve on actual patients. This way, none of the
purported benefits of these simulators, such as training basic laparoscopic skills, anatomy, and
procedural knowledge, can come to fruition.
In the past ten years, it has slowly become clear that there is a positive relationship between
playing video games and one’s basic laparoscopic skills. In chapter 2, all scientific literature
on the relation between video games and laparoscopic skills till then are being summarized
and compared. Several researchers found that people who have a history of extensive video
gameplay have better baseline laparoscopic skills (tested on simulators and box trainers) than
those who don’t. One also showed that video games can be used to improve basic
laparoscopic skills on both the short- (“warm-up”) and the long-term. The biggest problems
with most of these studies are the small study populations and the fact that video game
experience has not been measured in a standardized, controlled manner.
In an effort to make a fun, cheap, and attractive way for surgical trainees to train basic
laparoscopic skills, Cutting Edge Games, a collaboration between the University Medical
Center Groningen, the Leeuwarden Institute of Minimally Invasive Surgery (LIMIS), and
game developer Grendel Games, developed a special video game and custom-made hardware
that is aimed at training basic laparoscopic skills in surgical trainees and surgeons. Not only
does the gameplay of the game, called Underground, look like a laparoscopic intervention –
the player has to move large robotic arms from a first person view to manipulate the
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environment of a mine – but it is also being controlled by hardware that is mimicking two
laparoscopic instruments and trocar sites. Chapter 3 provides an overview of the technical,
educational and scientific aspects of Underground.
Before a serious game like Underground can actually be taken seriously, it must be proven
that its hardware moves as during laparoscopy, and that playing it has a positive effect on
one's skills. This process, called validation, consists of two parts. The first part is the test
validity, a process in which one studies whether an assessment instrument does measure what
it was designed to measure. In the case of Underground that would be basic laparoscopic
skills. If the game would test other properties or skills, such as a person's intelligence or
experience with video games, the apparatus does not simulate reality in a correct way (it does
not measure what it is supposed to) and is therefore not a good simulator. The second type of
validation is the experimental validity, in which one examines the actual effect of a product.
Test validity itself can also be split into several parts. The first type of test validation is face
validation; a type of study in which the “face value”, the appearance and functioning, of a
product is evaluated by a group of experts. This is done by exposing them to the product, and
then asking their opinion through an anonymous questionnaire. Of course, this is a pretty
subjective measure that proves nothing, but merely indicates whether a project is going in the
right direction. For example, if a group of expert laparoscopic surgeons thinks that the hardand software of Underground does not feel and move like an actual laparoscopic instrument,
than one should contemplate whether one is on the right track of development. Chapter 4
covers the face validity of Underground. In total, 72 laparoscopic surgeons were recruited on
the Chirurgendagen 2013, the annual congress of the Netherlands Society of Surgery, and the
Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) annual meeting of
2014 in Salt Lake City. After playing the game, participants filled in a questionnaire. The
results show that expert and novice laparoscopic surgeons both value the Underground video
game at an acceptable level. Both the hardware and the transfer of movements to the video
game world are deemed realistic compared to normal laparoscopy, and one thinks that
Underground could be used to train basic laparoscopic skills.
The most important parts of test validation, the so-called construct and concurrent validity,
are described in chapter 5. Construct validity refers to the ability of a simulator to distinguish
between different levels of experience with the studied procedure to see whether it measures
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what it is supposed to measure. By letting novices and experts play Underground, a
significant difference in score should be seen. If experts, who are supposed to be the best, do
not get a high score, the apparatus does not simulate reality in a correct way (it does not
measure what it is supposed to measure) and is therefore not a good simulator, since it does
not measure laparoscopic skill, but probably other properties. To test the construct validity of
Underground, a special test level was built. This level contained one simple task (drill scrap
loose, pick it up, and throw it in a smelter) for which al basic laparoscopic skills are needed.
The level was played by a group op expert laparoscopic surgeons (n=15) and a group of
internists (control group, n=15). The time to complete the level and the amount of errors were
noted, and the final score (in seconds) of both groups were compared to each other. The
average time it took expert surgeons to complete the level was 99 seconds (SD 31 seconds),
while it took the internists 209 seconds (SD 91 seconds) to do the same; this is a big and
significant (P=0.001) difference. To obtain concurrent validity, the basic laparoscopic skills
of every participant were objectified using an already validated drill in a box trainer (the FLS
peg transfer test). The goal was to see whether persons that are good in laparoscopy are also
good in Underground and vice versa. A high and significant correlation (r=0.812, P<0.001)
was found. These results show that the hard- and software of Underground is able to
distinguish between different levels of experience and that there is high correlation with true
basic laparoscopic skills.
As discussed in chapter 2, the effect of playing video games on basic laparoscopic skills can
be split into a short- and a long-term effect. The short-term effect is referred to as the “warmup” effect. It has been shown that surgeons can temporarily improve their laparoscopic skills
by a short practice round on a simulator, box trainer or even with a video game. In chapter 6,
the warm-up effect of Underground is studied. 29 laparoscopic experts (surgeons, surgical
residents, and gynecologists) were randomized into two different groups, which were tested
on two different days. Group 1 (n=16) did a laparoscopic skill baseline measurement using
the FLS peg transfer test and the Top Gun cobra rope drill on day 1, and did the same tests on
day 2 after a 15 minute session with the Underground game. Group 2 (n=13) did the same, but
started with the video game, followed by baseline measurement on day 2. This way, each
participant served as its own control. On day 1, group 2 was 14.33% (P = 0.037) faster in
completing the peg transfer. A trend toward better cobra rope scores is also seen. When
comparing the average improvement between both days, group 1 – which used the game as a
warm-up on day 2 – showed a 19.61% improvement in cobra rope score, compared to a
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0.77% score decrease in group 2 (P = 0.002). This study shows that the Underground video
game could be used as a pre-operative warm-up in an experimental setting.
Chapter 7 has little to do with laparoscopy. While writing this thesis and glancing through
the scientific literature, I came across several case reports in which Nintendo related injuries
and complaints were described. Out of interest, I collected all these papers and decided to
recapitulate them in literature review. In total, 35 relevant articles were identified. It is
striking that every time a Nintendo game system is introduced, new types of injury surfaced.
There seems to be a relation between the ways of controlling the system, which changes per
generation. Nintendo’s first video game consoles were controlled using a simple controller
with only buttons, which gave rise to repetitive strain injury of the thumb, also referred to as
“Nintendo thumb” in popular media. A certain Nintendo 64 game, which one controlled using
a small joystick, led to case reports of palmar blistering due to patients rapidly rubbing the
palm of their hand on the joystick. The motion controlled Wii game console brought forth
new types of injury, mostly of traumatic origin, mostly because several Wii games require
various kinds of physical activity to be played. As long as gaming technology develops and
new ways of gameplay emerge, new problems will arise.
In conclusion, this thesis discusses a few things. First of all, the effect of playing video games
on basic laparoscopic skill is described. Both previous video game experience and recent
practice have a positive influence on these skills. The central theme of this thesis is the Wii U
game Underground, which is specifically designed to train laparoscopic skill. The custommade hardware has solid face, construct, and concurrent validity and the game itself can be
used as a pre-operative warm-up for laparoscopic surgeons and gynecologists. Finally, all
reported cases of Nintendo related injuries and complaints are enumerated.
The research on Underground has not yet finished. It still remains to be proven that playing
the game will improve basic laparoscopic skill on the long term. For example, there are
currently no data on learning curves of surgical trainees who have the game at home, and it
has not been proven that the game will actually be used more than traditional simulators.
More time and money is needed to research this. Also, due to an unfinished game and
technical limitations, this was previously not possible to do so. Because the game is now
finished and will be published commercially, we encourage other researchers in different
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centers to start their own research on this serious game. This way, one will get more
independent evidence on the subject.
In the future, Underground could be used to train other endoscopic techniques, such as
thoracoscopy (minimally invasive surgery of the thoracic cavity) and arthroscopy (minimally
invasive surgery of the joints). But, before one can train for example arthroscopy, further
research needs to be carried out, because arthroscopic instruments differ from laparoscopic
instruments. Therefore, new face, construct, and concurrent validation on the Underground
hardware, which compares is to arthroscopic tools, would be a must-have.
Underground deliberately lacks any medical content. The game and its hardware were
developed as a serious game; its goal is serious, but the content is not. However, the hardware
has been validated to resemble laparoscopic tools. This means that they could theoretically be
used to control a simulator. Hence, developers could develop a “game” for the Wii U, in
which players could perform more realistic laparoscopic interventions, like an appendectomy
or a cholecystectomy. The advantage of such a program is that player of Underground (people
who already have all needed materials at home) can easily start practicing with a real
laparoscopic simulator for a very low price. This way, one can practice its anatomy and
procedural knowledge in the living room. When such a program is developed, of course new
research is needed, with validation of the medical content in particular (content validity).
Finally, it should be noted that Underground has not been developed to actually measure
one’s basic laparoscopic skill. Although the hardware itself has been validated for this goal,
the scoring system of the video game will not purely represent laparoscopic skill. For the
validation of the hardware, a specially developed test level was used. To complete this level,
only laparoscopic skill was addressed. In the final levels of the game, other properties, such as
intelligence and situational awareness, are needed as well. Based on the research in this thesis,
it is therefore impossible to rate the laparoscopic skill of surgical resident or medical student
based on his or her scores. And let’s be honest; no one wants to be judged professionally
based on a low video game score or a “Game Over” screen. Let’s not make it too serious!
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Samenvatting in het Nederlands
In de afgelopen decennia zijn videospellen onderdeel geworden van de moderne, Westerse
cultuur. Wat in de jaren ’70 begon als een nichemarkt met een zeer selecte doelgroep, groeide
vlot uit tot een bekende vorm van entertainment met een zeer brede doelgroep. Inmiddels is
de game-industrie er eentje die draait om miljarden, vergelijkbaar met andere takken in de
entertainment, zoals boeken en films.
Hoewel videospellen met een serieus doel, zoals de training van bepaalde vaardigheden of het
opdoen van bepaalde kennis, al sinds de eerste generatie spelcomputers (begin jaren ’70)
worden geproduceerd, is de grootschalige ontwikkeling van deze zogenaamde “serious
games” pas in het afgelopen decennium echt op gang gekomen. In Nederland alleen zijn
bijvoorbeeld al meer dan tien verschillende studio’s die zich richten op de ontwikkeling van
serious games en verschillende onderwijsinstellingen hebben opleidingen die zich specifiek
richten op deze tak van sport.
Dit proefschrift gaat over het effect van het spelen van videospellen op iemands
laparoscopische basisvaardigheden. Laparoscopie, ook wel kijkbuischirurgie of kijkoperatie
genoemd, is een vorm van chirurgie waarbij de chirurg een lang objectief met een camera
(een scoop) via een klein sneetje in de buikwand in de buikholte plaatst. Via een aantal andere
kleine sneetjes worden lange instrumenten, zoals grijpers en scharen, eveneens in de buikholte
gebracht om daarmee vervolgens een (steeds groter wordend) aantal operaties uit te kunnen
voeren. Bekende voorbeelden zijn de appendectomie (verwijdering van de blinde darm) en de
cholecystectomie (verwijdering van de galblaas). Ondanks het feit dat laparoscopie niet per
definitie beter is dan conventionele, open chirurgie, behoort de techniek sinds een jaar of
twintig tot het standaardarsenaal van de algemeen chirurg. Voordelen zijn onder andere
kleinere incisies en kortere opnameduur.
Laparoscopie verschilt qua basisvaardigheden van normale chirurgie op een aantal punten.
Ten eerste opereert de chirurg indirect, dat wil zeggen: men kijkt niet direct naar het
operatiegebied, maar doet dit via een scherm dat in de operatiekamer staat of hangt. Omdat
het scherm niet in staat is om diepte te tonen, heeft de chirurg tevens een goed diepte-inzicht
nodig om goed te kunnen werken. Vervolgens dient er geopereerd te worden met lange
instrumenten die, vanwege het draaipunt in de buikwand, in tegengestelde richting bewegen.
Tevens worden instrumentbewegingen in de buik groter naarmate het instrument verder naar
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binnen wordt geschoven en vice versa; dit heet het “fulcrum effect”. Als laatste is het
belangrijk dat men een goede oog-hand coördinatie heeft en in staat is om met twee handen
tegelijkertijd te werken.
Tijdens de opleiding heelkunde leren aankomend chirurgen de laparoscopische technieken en
vaardigheden door middel van een meerdaagse basiscursus. Hierna krijgen zij de
mogelijkheid

om

hun

vaardigheden

zelfstandig

te

verbeteren

door

middel

computersimulatoren of speciale oefendozen (box trainers). In sommige centra is deze
oefening verplicht, terwijl deze elders (zoals in het Universitair Medisch Centrum Groningen,
UMCG) juist vrijwillig is. De ervaring leert echter dat deze oefeningen als saai en repetitief
worden beschouwd, waardoor men slechts een beperkt aantal keren traint met de peperdure
simulatoren. Hierdoor oefenen veel aankomend chirurgen hun basisvaardigheden pas als ze –
onder strikte supervisie van een ervaren chirurg – daadwerkelijk hun eerste patiënten
opereren.
In de afgelopen tien jaar is langzaam duidelijk geworden dat er een positieve relatie bestaat
tussen het spelen van videospellen en laparoscopische basisvaardigheden. In hoofdstuk 2
wordt alle wetenschappelijke literatuur die tot dan toe over dit onderwerp bekend was
samengevat en met elkaar vergeleken. Verschillende onderzoekers hebben niet alleen
aangetoond dat mensen die in het verleden veel gegamed hebben beter zijn in verschillende
laparoscopische opdrachtjes (op een simulator of in een box), maar men toonde ook aan dat
het mogelijk is om videospellen te gebruiken om laparoscopische basisvaardigheden bij leken
te verbeteren, zowel op de korte (“warm-up”) als op de lange termijn. Het grootste
commentaar op deze studies is dat ervaring met videospellen niet op een gestandaardiseerde,
gecontroleerde manier is vastgelegd en dat er vaak maar weinig proefpersonen hebben
deelgenomen aan de onderzoeken.
Om arts-assistenten in opleiding tot chirurg op een leuke, goedkope en aantrekkelijke manier
hun

banale

basisvaardigheden

meer

te

laten

oefenen

is

het

UMCG

een

samenwerkingsverband aangegaan met gameontwikkelaar Grendel Games en laparoscopie
instituut LIMIS. Onder de naam Cutting Edge ontwikkelden zij een videospel voor
Nintendo’s Wii U spelplatform dat bedoeld is om de voorheen beschreven basisvaardigheden
te oefenen. Niet alleen lijkt het spel, genaamd Underground, qua bewegingen op een
laparoscopische ingreep – de speler moet vanuit de eerste persoon grote robotarmen
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gebruiken om een donkere mijn te manipuleren – maar het spel wordt ook bestuurd met
speciaal ontwikkelde hardware die de bewegingen van laparoscopische instrumenten
nabootst. Hoofdstuk 3 geeft een globaal overzicht van de technische, onderwijskundige en
wetenschappelijke aspecten van Underground.
Voordat een serious game als Underground daadwerkelijk serieus genomen kan worden moet
wel worden aangetoond dat het qua bewegingen op laparoscopie lijkt en dat het spelen ervan
een positief effect heeft op iemands basisvaardigheden. Dit proces, valideren, bestaat grofweg
uit twee onderdelen. Allereerst is er de test validity, een proces waarin gekeken wordt of het
geteste daadwerkelijk meet wat het zou moeten meten. In het geval van Underground zijn dit
de laparoscopische basisvaardigheden. Als het spel iets anders zou testen, zoals iemands
intelligentie of ervaring met videospellen, dan zou het immers de plank mis slaan. De tweede
soort validatie is de experimental validity, waarin men het daadwerkelijke effect onderzoekt.
De test validity bestaat zelf ook weer uit een bepaald aantal testen. De eerste daarvan is de
face validity, een onderzoek waarin het uiterlijk, de besturing en de werking van een product
wordt geëvalueerd door een groep experts. Dit wordt gedaan door hen bloot te stellen aan het
product en ze daarna anoniem met een vragenlijst naar hun mening te vragen. Het is een vrij
subjectieve maat die niets bewijst, maar alleen maar aangeeft of een project in de juiste
richting gaat. Als een groep ervaren chirurgen bijvoorbeeld van mening zou zijn dat
Underground qua hardware en softwarematige besturing niet aanvoelt als een daadwerkelijke
laparoscopische ingreep, dan moet de ontwikkelaar zich achter de oren krabben of hij wel op
het juiste pad zit. In hoofdstuk 4 wordt het face validity onderzoek van Underground
beschreven. Op de Chirurgendagen 2013, Nederlands’ grootste congres voor chirurgen, en de
SAGES jaarvergadering van 2014 werden in totaal 72 laparoscopische experts gevraagd om
het spel te spelen en hun mening te geven aan de hand van een vragenlijst. De resultaten laten
onder andere zien dat de groep experts de ontwikkelde hardware voldoende vindt lijken en
bewegen als daadwerkelijke laparoscopische instrumenten en men is van mening dat
Underground gebruikt kan worden voor het trainen van laparoscopische basisvaardigheden.
De belangrijkste onderdelen van de test validity, de zogenaamde construct en concurrent
validity, worden beschreven in hoofdstuk 5. Voor het testen van de construct validity moet
bewezen worden dat chirurgen daadwerkelijk beter zijn in Underground dan niet-chirurgen.
Om het spel goed te spelen heeft de speler immers goede laparoscopische basisvaardigheden
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nodig. Als een groep niet-chirurgen (die per definitie géén goede basisvaardigheden hebben)
net zo goed in het spel zou zijn als een groep chirurgen, dan meet het spel niet de bewuste
laparoscopische basisvaardigheden, maar andere eigenschappen. Om de construct validity te
testen werd een speciaal testlevel van Underground gebruikt. Het level bevatte één simpele
opdracht (schroot losboren, oppakken en in een smeltkroes gooien) waarvoor alle
basisvaardigheden werden aangesproken. Het level werd gespeeld door een groep ervaren
chirurgen (n=15) en door een groep internisten (controlegroep, n=15). De tijd om het level te
volbrengen en het aantal fouten dat werd gemaakt werd bijgehouden en de uiteindelijke
scores (in seconden) van beide groepen werden met elkaar vergeleken. De groep chirurgen
deed in totaal gemiddeld 99 seconden (SD 31 seconden) over het level, terwijl het de
internisten gemiddeld 209 seconden (SD 91 seconden) kostte; een groot, significant (P=0.001)
verschil. Voor het testen van de concurrent validity werden de laparoscopische
basisvaardigheden van iedere deelnemer geobjectiveerd met een bestaande, gevalideerde test
in een box trainer (de FLS peg transfer test). Vervolgens werd gekeken of de personen die
goed zijn in laparoscopie (gemeten met de bestaande test) ook goed zijn in het Underground
testlevel en vice versa. De correlatie tussen beide testen bleek hoog en significant (r=0.812,
P<0.001). Dit geeft aan dat de gebruikte hardware en softwarematige besturing van
Underground goed onderscheid kan maken tussen laparoscopische experts en leken en een
hoge correlatie heeft met daadwerkelijke laparoscopische basisvaardigheden.
Zoals beschreven in hoofdstuk 2 kan het effect van het spelen van video games op iemands
laparoscopische basisvaardigheden worden opgesplitst in twee onderdelen; een lange een
korte termijn effect. Dit laatste effect wordt in de literatuur ook wel een “warm-up” genoemd:
als chirurgen kort een oefening (op een simulator, box trainer of spelcomputer) doen, dan
blijken zij een aantal standaardtestjes sneller en met minder fouten te volbrengen. In
hoofdstuk 6 wordt het warm-up effect van Underground onderzocht. In totaal hebben 29
laparoscopische experts (chirurgen, AIOSs heelkunde en gynaecologen) meegedaan aan dit
onderzoek, dat werd verspreid over twee dagen. Groep 1 (n=16) deed op dag 1 twee testen om
laparoscopische basisvaardigheden mee te meten (de FLS peg transfer test en de Top Gun
cobra rope drill) en speelde op dag 2 een kwartier met Underground, waarna weer dezelfde
testen werden gedaan. Groep 2 (n=13) deed het precies andersom; deze begon met een dag
gamen en deed op dag 2 alleen de basisvaardigheden testen. De gemiddelde peg transfer
scores van beide groepen op dag 1 verschilde significant (14.33%, P=0.037) in het voordeel
van de groep die op dag 1 Underground als warm-up had gebruikt. Wanneer we naar
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individuele scores kijken (dag 1 versus dag 2), dan valt op dat de groep die op de tweede dag
Underground als warm-up had gebruikt (groep 2) maar liefst 19.61% beter scoorde op de
cobra rope drill, terwijl groep 1 0.77% slechter presteerde. Dit verschil is significant
(P=0.002). Dit onderzoek toont aan dat experts op het gebied van laparoscopische chirurgie
daadwerkelijk baat kunnen hebben bij een pre-operatieve warm-up met Underground. Het
onderzoek is echter in een experimentele setting uitgevoerd en kan dus slechts te delen
worden geëxtrapoleerd naar de kliniek.
Hoofdstuk 7 heeft weinig met laparoscopie, maar des te meer met videospellen te maken.
Tijdens het schrijven van dit proefschrift kwam ik in de wetenschappelijke literatuur veel case
reports tegen waarin Nintendo gerelateerde klachten werden beschreven. Uit pure interesse
heb ik geprobeerd al deze artikelen te verzamelen en samen te vatten in één literatuur review.
In totaal konden 35 relevante artikelen worden geïdentificeerd. Wat opvalt is dat de
verschillende letsels die worden geassocieerd met Nintendo’s spelcomputers in de loop van de
jaren veranderen. Er lijkt een sterke relatie te zijn met de manier waarop deze spelcomputers
worden bestuurd, iets wat verandert per generatie spelcomputers. Nintendo’s eerste
spelcomputers worden bestuurd met een controller waar alleen knoppen op te vinden zijn. In
de periode dat deze consoles populair waren werd een RSI-achtig beeld beschreven dat in de
populaire media bekend stond als de “Nintendo duim”. Een bepaald spel voor de later
uitgebrachte Nintendo 64, die men bestuurt middels een kleine joystick, was de aanleiding
voor een aantal case reports over patiënten die een blaar in de palm van hun hand hadden
ontwikkeld. Na de introductie van de Wii, die wordt bestuurd met een bewegingsgevoelige
afstandsbediening, bleken de letsels plots veel meer van traumatische origine te zijn, met
name omdat het spelen van deze games meer lichamelijke activiteit vereist. Bij toekomstige
spelcomputers, die ongetwijfeld zijn voorzien van een andere, innovatieve besturing, zullen
waarschijnlijk weer andere letsels en klachten de kop op steken.
Concluderend komt in dit proefschrift een aantal dingen aan bod. Allereerst wordt het effect
van het spelen van videospellen op iemands laparoscopische basisvaardigheden beschreven.
Zowel ervaring in het verleden als recente oefening met video games hebben een positieve
invloed. Het speciaal voor dit doel ontwikkelde Wii U spel Underground staat echter centraal.
De eigen hardware heeft een sterke face, construct en concurrent validity en het spel zelf kan
door laparoscopisch opererende artsen gebruikt worden als pre-operatieve warm-up. Als
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laatste wordt een aantal negatieve effecten van het spelen van Nintendo spellen in het
algemeen opgesomd.
Het onderzoek naar Underground is overigens nog niet volledig. Dat wil zeggen; het is niet
onomstotelijk bewezen dat Underground daadwerkelijk een positief effect op laparoscopie
training heeft op de lange termijn. Er is bijvoorbeeld niet gekeken naar de leercurve op een
langdurig traject en we weten niet of arts-assistenten in opleiding tot chirurg het spel
daadwerkelijk meer gaan gebruiken dan de traditionele simulatoren. Om dit uit te zoeken is
meer

tijd

en

geld

nodig.

Voorheen

was

dergelijk

onderzoek

onmogelijk

om

hardwaretechnische redenen. Omdat het spel nu klaar is en (dit jaar) door iedereen gekocht
kan worden moedigen wij onderzoekers in andere centra aan om hun eigen onderzoek naar
Underground te doen. Hiervoor zijn reeds connecties gelegd. Zo ontstaat uitgebreider en
onafhankelijker bewijs rondom het spel.
In de toekomst zou Underground ingezet kunnen worden voor de training van andere
scopische technieken, zoals thoracoscopie (kijkoperatie van de borstkas) en arthroscopie
(kijkoperatie van gewrichten). Maar voordat men bijvoorbeeld arthroscopie kan oefenen met
Underground is er meer onderzoek nodig; arthroscopische instrumenten verschillen namelijk
van laparoscopische instrumenten. Nieuw onderzoek naar de face, construct en concurrent
validity van de Underground hardware ten opzichte van arthroscopische instrumenten is dan
een must.
Underground heeft bewust géén medische inhoud. Het spel en de hardware zijn ontwikkeld
als een serious game; het doel is serious, de uitvoering niet. De hardware is echter gevalideerd
ten opzichte van normale laparoscopische instrumenten en zou dus in theorie ook gebruikt
kunnen worden om een simulator mee te bedienen. Dit houdt in dat ontwikkelaars een “spel”
voor de Wii U kunnen maken waarin spelers een realistische laparoscopische ingreep kunnen
uitvoeren, zoals een appendectomie of een cholecystectomie. Het voordeel van een dergelijk
programma is dat spelers van Underground (lees: mensen die alle benodigde materialen al
hebben) gewoon thuis met een laparoscopie simulator aan de slag zouden kunnen gaan. Zo
kan men in de woonkamer ook de anatomie en procedurele kennis oefenen. Wanneer een
dergelijk programma ontwikkeld zou worden, dan zal in de onderzoekssetting met name
aandacht moeten worden besteed aan de validiteit van de medische inhoud; de content
validity.
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Tot slot moet worden vermeld dat Underground niet ontwikkeld is om daadwerkelijk iemands
laparoscopische vaardigheden mee te meten. Hoewel de hardware zelf wel voor dit doel is
gevalideerd, is de uiteindelijke score in het spel geen goede afspiegeling van
basisvaardigheden. Voor de validatie is een speciaal ontwikkeld testlevel gebruikt waarvoor
alleen de meest basale vaardigheden nodig waren; voor het halen van de levels in het
uiteindelijke spel moet de speler ook over andere vaardigheden beschikken, zoals intelligentie
en goede situational awareness. Op basis van ons onderzoek is het dus niet mogelijk om
bijvoorbeeld arts-assistent in opleiding tot chirurg te beoordelen op basis van hun progressie
in het spel. En laten we eerlijk zijn; niemand wil op professioneel vlak afgekeurd worden op
basis van een lage score of een “Game Over” venstertje. Het moet wel een spelletje blijven.
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Soamenvatting in ’t Grönnens
De boudel waarkt.
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Questionnaires

•

Face validity questionnaire used in chapter 4
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•

Intake questionnaire used in chapter 6
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Face validity questionnaire used in chapter 4
Sex: M / F

Preferred hand: Left / Right

Age:

years

Total amount of laporoscopic interventions performed in the last 5 years:
Can we use your opinion for research on Underground? Yes / No
(This data can be used for a face validity study on the Underground hardware. All data will
be stored anonymously.)

How realistic… (please put one cross on the scale)
… do the instruments move compared to real laparoscopic instruments?
Not realistic

Very realistic

... do the instruments move in the real world?
Not realistic

Very realistic

… do the instrument work in the real world?
Not realistic

Very realistic

... do the instruments move in the game world?
Not realistic

Very realistic

… do the instrument work in the game world?
Not realistic

Very realistic

… is ergonomy of the instruments?
Not realistic
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Very realistic

How useful do you think Underground is for…
… training eye-hand coordination?
Useless

Very useful

… training depth perception?
Useless

Very useful

… training of inverse movements?
Useless

Very useful

… training bimanual dexterity?
Useless

Very useful

… training laparoscopic skills in general?
Useless

Very useful

… training anatomie?
Useless

Very useful

… training procedural knowledge?
Useless

Very useful

How troublesome is the lack of tactile feedback?
Very troublesome

Not troublseome at all

How important is it that the operating area resembles an abdomen?
Very important

Not important
133

Answer the following statements by circling one of the answers.
It is important that residents follow a basic laparoscopy course before they can operate on real
patients.
Agree

Disagree

No opinion

It is important that residents practice their basic laparoscopic skills on a (virtual reality)
simulator (like the LapMentor, Simendo, or Xitact).
Agree

Disagree

No opinion

It is important that residents maintain their basic laparoscopic skills on a (virtual reality)
simulator.
Agree

Disagree

No opinion

It is important that residents practice their basic laparoscopic skills with a video game (like
Underground).
Agree

Disagree

No opinion

It is important that residents maintain their basic laparoscopic skills with a video game (like
Underground).
Agree

Disagree

No opinion

Underground is a useful instrument to measure one’s laparoscopic skill.
Agree

Disagree

No opinion

Underground is a useful training tool for training basic laparoscopic skills.
Agree

Disagree

No opinion

Underground is a useful training tool for training anatomy and procedural knowledge.
Agree

Disagree

No opinion

Underground is a cost-effective training tool for training basic laparoscopic skills.
Agree

Disagree

No opinion

Thank you for your cooperation!
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Intake questionnaire used in chapter 5
Algemene gegevens:
Geslacht: M/V
Leeftijd:
jaar
Voorkeurshand: links/rechts
Heeft u medische redenen om video games te vermijden, zoals epilepsie? Ja / Nee
Geef uw ervaringen met games op verschillende leeftijden aan op onderstaande schaal:
Als kind:
1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

3

4

5

6

7
Veel ervaring

3

4

5

6

7
Veel ervaring

Als puber:

Als student:

Als ANIOS/AIOS:
1
2
Geen ervaring
Als CHIVO/staflid:
1
2
Geen ervaring
Omcirkel uw vakgebied:
Chirurgie
a

Gynaecologie

Urologie

Interne

Heeft u ervaring met endoscopie: ja/nee
Indien van toepassing:
Totaal aantal uitgevoerde laparoscopische ingrepen in afgelopen vijf jaar (schatting):
Geef uw ervaring met andere laparoscopische simulatoren aan op onderstaande schaal:
1
2
Geen ervaring

3

4

5

6

7
Veel ervaring
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Intake questionnaire used in chapter 6
Nummer

control  game

Volgorde

game  controle

Algemene gegevens:
Geslacht: man/vrouw
Leeftijd:

jaar

Voorkeurshand: links/rechts
Heeft u medische redenen om video games te vermijden, zoals epilepsie? Ja / Nee
Aantal laparoscopische ingrepen verricht in de laatste 3 jaar:
Omcirkel uw vakgebied:
Chirurgie

Gynaecologie

Urologie

Geef uw ervaringen met games op verschillende leeftijden aan op onderstaande schaal:
Als kind:
1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

1
2
Geen ervaring

3

4

5

6

7
Veel ervaring

Als puber:

Als student:

Als arts-assistent:

Als specialist:
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Disclaimer
Underground is a commercial product that has been developed by the company Cutting Edge
B.V. (Groningen, The Netherlands). Although the main goal of the game itself is to train basic
laparoscopic skills, the primary goal of the Cutting Edge company is to make a profit out of it.
Since the authors of this thesis closely work together with Cutting Edge, there are possible
conflicts of interest. In this chapter we want to disclaim all financial, material, and other ties
between the author and co-authors of this thesis, and Cutting Edge. To maintain scientific
integrity, we find it important to be as clear as possible about all ties.
In 2008, game developer Grendel Games B.V. (Leeuwarden, The Netherlands) developed
several prototypes of the game per order of Henk ten Cate Hoedemaker and Jetse Goris of the
Wenckebach Institute, the post-graduate training institute of the University Medical Center
Groningen (UMCG, Groningen, The Netherlands). Because of the potential of the game, the
UMCG, in the form of Stichting Triade (Groningen, The Netherlands), and Grendel Games
decided to develop the game further together. Therefore, together with a third party, the
Leeuwarden Institute of Minimally Invasive Surgery (LIMIS, Leeuwarden, The Netherlands),
the company Cutting Edge B.V. was established in 2010. All parties own a third of the
company. The investments made by Stichting Triade and LIMIS are monetary, while Grendel
Games mainly invested man hours of their employees into the project.
The main author of this thesis, Maarten Jalink, does not have direct financial ties to Cutting
Edge, nor is he (co-)owner or intellectual property holder of the Underground game and
hardware. Should any profit be made with this game, he will not receive any share of it.
The first part of this thesis (chapters 2 and 5) was realized as part of a scientific internship as
part of his medicine study (February 2012 – July 2012). For work published in chapter 5,
Cutting Edge provided a specially developed level of the game on a special Wii console and
the custom-made hardware. These were returned afterwards. No compensation whatsoever
was given for this research.
Chapters 3 and 7 and part of chapter 4 were written while he worked for the UMCG as a
surgical resident (November 2012 – October 2013); besides the normal full-time resident
salary, no other compensation was received for these papers.
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Finally, chapters 1, 6, 8, 9, and the last part of chapter 4 were written (November 2013 – June
2014) while he was employed as a researcher by the UMCG (for 40%). During this period,
besides the normal salary, he did not receive any other financial compensation. However,
during this period he made three trips abroad, which were financed by the UMCG and Cutting
Edge. These were the following: a one week trip to Celebration (Florida, United States of
America), where he followed the Top Gun Advanced Laparoscopic Skills and Suturing
Program and Instructor Course (flight paid by the UMCG, accommodation, meals, and $2500
course fees paid by Cutting Edge), a one week trip to the SAGES 2014 congress in Salt Lake
City (Utah, United States of America) for gathering face validity data and presenting the
game (flight paid by the UMCG, accommodation, meals, and booth paid by Cutting Edge),
and a one day trip to the IRCAD/EITS laparoscopic center in Strasbourg (France) to present
the game to possible investors (complete trip paid by Cutting Edge). Also, for chapters 4 and
6, Cutting Edge provided near-final versions of the game and the accompanying hardware. As
before, these were returned afterwards.
He did not receive any other compensation for this research – financial or otherwise – from
any other party, such as Grendel Games, LIMIS, or Stichting Triade.
Henk ten Cate Hoedemaker works full-time in the UMCG. He is an abdominal surgeon for
50% of the time. The other 50% he is the medical director of the Skills Center of the
Wenckebach Institute. Together with Jetse Goris, he is the co-founder of the Underground
video game and together they hold the intellectual property rights to the game. This means
that, if the game is a success, he will receive a part of the profit. Because most work was done
during working hours, 50% of his revenues will go to the UMCG, and another 25% will go to
the department of surgery of the UMCG. He serves as an advisor to Cutting Edge, but he is
not an owner or shareholder of the company. He joined Maarten Jalink on aforementioned
trips, which were financed in a similar fashion. He has not received any other compensation
for this research – financial or otherwise – from any other party, such as Grendel Games,
LIMIS, or Stichting Triade.
Jetse Goris is an educationalist who works for the Wenckebach Institute. Together with Henk
ten Cate Hoedemaker, he is the co-founder of the Underground video game and together they
hold the intellectual property rights to the game. As mentioned above, if the game is a
success, he will also receive a part of the profit. Because most work was done during working
hours, 50% of his revenues will go to the UMCG, and another 25% will go to the
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Wenckebach Institute. He has not received any other compensation for this research –
financial or otherwise – from any other party, such as Grendel Games, LIMIS, or Stichting
Triade.
Professor Erik Heineman is a pediatric surgeon and the head of the department of surgery of
the UMCG. Besides working for the UMCG, he does not have any other financial ties with
Cutting Edge or the associated companies. He has therefore not received any compensation
for this research – financial or otherwise – from any other party, such as Grendel Games,
LIMIS, or Stichting Triade.
Professor Jean-Pierre Pierie is an abdominal surgeon in the Medical Center Leeuwarden
(Leeuwarden, The Netherlands) and works as a professor for the Wenckebach Institute. He
does not have any direct financial ties with Cutting Edge. However, he is associated with
LIMIS, by which he is regularly hired to give training in laparoscopy. He has not received
any compensation for this research – financial or otherwise – from any other party, such as
Grendel Games, or Stichting Triade.
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